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MOKINIYU ZINIU APIE ASTRONOMINIUS MASTELIUS NUSTATYMAS
Aidas Sadauskas, Kastytis Zubovas

Fiziniy ir technologijos moksly centras, Fundamentiniy tyrimy skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: a.sadauskas@gmail.lt

Fiziniuose moksluose, ypac astronomijoje yra
svarbu suprasti objekty bei reiskiniy mastelj.
Siais laikas astronomijos edukacijoje prie to
labiausiai prisideda kompiuterinés
vizualizacijos [1], bei erdvinio mastymo
gebéjimai [2]. Astronominiai objektai bei
reiskiniai pasizymi labai skirtingais laiko bei
fiziniy matmeny masteliais. Astronomijos
edukacijoje daznai susiduriama su sunkumais
aiskinant sudétingas koncepcijas, o prie to
stipriai prisideda menkas mokiniy gebéjimas
jsivaizduoti  skirtingus  mastelius.  Norit
mokiniams padéti suprasti astronominius
reiskinius bei objektus, labai svarbu isSsiaiskinti
kaip gerai jie supranta skirtumus tarp jvairiy
masteliy ir kokie metodai padeda tai padaryti
efektyviausiai.

Siame tyrime buvo jvertinamos mokiniy Zinios
susijusios su Pauksc¢iy Tako galaktika, bei
skirtingo dydzio komponentais joje. Tyrimo
metu buvo siekiama jvertinti mokiniy ZzZinias
apie astronominiy objekty dydj ir atstums tarp
juy Saulés sistemoje, jos aplinkoje, bei Pauksciy
Tako galaktikoje. Taip pat buvo siekiama
nustatyti kokias klaidas mokiniai daro
bandydami suprasti procesus vykstancius
jvairiuose astronominiuose masteliuose.

Darbe pateikiami duomenys surinkti i$ jvairiy
Lietuvos mokykly. IS viso istirti 78 moksleiviai
i 4-8 klasiy. Mokiniams buvo pateikiamas
desimties klausimy klausimynas apie jvairius
mastelius, susijusius su atstumais tarp planetuy,
planety dydziais, Saulés sistema bei mdisy
Galaktika. Po klausimyno mokiniams buvo
skaitoma specialiai paruosta paskaita apie
mastelius Galaktikoje ir vél pateikiamas tas
pats testas.

B ki paskaitos
[ Po paskaitos |

304

25

204

Mokiniai
&

Teisingi atsakymai

1 pav. pavaizduoti mokiniy klausimyno rezultatai
raudona spalva pries paskaitg, zalia spalva - po
paskaitos.

Tolimesni Sio darbo tikslai yra jvertinti

skirtingy metodiky efektyvuma supazindinant

mokinius su astronominiais masteliais, bei

klaidingy jsivaizdavimy (angl. misconseptions),

susijusiy su masteliais, identifikavimas.

ReikSminiai zodziai: masteliai astronomijoje,

astronomijos edukacija, Galaktika.
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BESELIO PLUOSTY SUPERPOZICIJU FORMAVIMAS GEOMETRINES
FAZES ELEMENTAIS

Paulius Slevas®?, Erminas Kozlovskis®?, Ernestas Nacius®?, Sergejus Orlovasa®,
Orestas Ul¢inas®P

a Fiziniy ir technologijos moksly centras, fundamentiniy tyrimy skyrius, Saulétekio al. 3, LT-10257 Vilnius
b Workshop of Photonics, Mokslininku g. 6A, LT-08412, Vilnius
el. p.: paulius.slevas@ftmc.It

Nulinés eilés Beselio pluostai pasizymi ilga
nedifraguojancia zidinio zona. Dél Sios savybés
Sie pluostai tinka jvairioms mikro apdirbimo
uzduotims, pavyzdziui, Brego gardeliy jrasymui,
mikrokanaly grezimui, lazerinei polimerizacijai ir
kitoms [1]. Naudojant pluostg formuojancius
difrakcinius elementus arba erdvinj Sviesos
moduliatoriy galima sukurti Beselio pluosto
variacijy su reikiamu skersinio intensyvumo
skirstiniy, o tokie pluostai gali bati panaudoti,
pavyzdziui, stiklo pjovimui [2]. AukStesnés eilés
sukuriniai Beselio pluostai taip pat pasizymi
jdomia savybe pernesti orbitinj judesio kiekio
momentg [3]. Sudéjus kelis skirtingy topologiniy
kraviy Beselio puosStus, gaunami pluostai
turintys sudétingg skersinio intensyvumo
struktlra ir pasizymintys dideliu plocio ir gylio
santykiu [4]. Tai gali bati realizuota pasitelkiant
geometrinés fazés elementus, kuriy gamybos
metu lydyto kvarco bandinyje jraSomos
dvejopalauziy savybiy turin¢ios nano gardelés.
Bandinyje lokaliai kontroliuojant Siy gardeliy
kampa bei ilgj galima sukurti jvairius pluosto
formavimui skirtus optinius elementus [5].

Siame darbe mes pristatome metoda skirta
aukstesnés eilés Beselio pluosty, su skirtingais
topologiniais kriviais, superpozicijy formavimui.
Pirmiausia  tokius pluostus skaitmeniskai
sumodeliavome bei eksperimentiskai
patikrinome iy formavimosi ypatumus
naudojant erdivinj Sviesos moduliatorius. Tada j
lydyto kvarco bandinj jraséme nanogardeliy
struktdras, taip pagamindami geometrinés fazes
elementus skirtus dviejy skirtingy pluosty
superpozicijos atvejy formavimui. Galiausiai
pademonstravome galimybe naudoti Siuos
elementus sudétiniy Beselio pluosty
formavimui bei tokiy superpozicijy poveikj
skaidrioms medziagoms.

Literatdra
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Kumkar, and S. Nolte, Opt. Express, 28, 6552,
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3. L. Allen, M. W. Beijersbergen, R. J. C. Spreeuw,
and J. P. Woerdman, Phys. Rev. A, 45, 8185,
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4. P. Slevas, S. Orlov, E. Nacius and O. Ul¢inas,
Optics Communication, 505, 127509 (2022).

5. M. Beresna, M. Gecevicius, and P. G. Kazansky,
Adyv. Opt. Photon., 6, 293, (2014).

1 pav. Suskaiciuotos fazinés kaukés reikalingios dviejy Besselio pluosty superpozicijos formavimui. Parinkti
dedamuyjy klgio kampai (a) 6=0.52 rad, 8=0.15 rad ir topologiniai krGviai m=4 ir n=0, (b) 6=0.52 rad, 62=0.09
rad, m=6, n=0, (c) 6:=0.52 rad, 8=0.73 rad, m=3, n=-1, (d) 6=0.52 rad, 8=0.73 rad, m=4, n=-2. (e) (f) (g) (h)

atitinkamai yra skersinio pluosto intensyvumo profiliai.
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PROTONU KANALIAVIMO SILICIO KRISTALE SKAITINIS MODELIAVIMAS

Danielius Lingis, V. Kovalevskij, A. Plukis, V. Remeikis

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

Puslaidininkiniy  struktlry savybes stipriai
keiCia priemaiSos ir defektai, todél Siy
struktlry tobulinimams ir tyrimams bdatina
jvertinti defekty evoliucijos procesus. Sia
evoliucijg galima stebéti Rezerfordo atgalinés
sklaidos spektroskopijos (angl. Rutherford
Backscattering spectroscopy, RBS) metodu.
Periodinéje struktlroje galimos tokios kryptis,
kuriose atomai tvarkingai iSsidéste eilémis ir
atsiranda ,kanalai“, kur atomy, idealiu atveju,
néra. Tokiu bddu dalelés yra kristalo atomy
fokusuojamos | kanalo centra. Kanale
sufokusuoto pluostelio artimosios sgveikos su
kristalo atomais tikimybé sumazéja, o su
priemaisa, kuri yra kanalo viduje, tikimybé
padidéja, todél stipriai iSauga technikos
jautrumas. Siuo metu néra daug jrankiu, kurie
galéty modeliuoti kanaliuojancéiy daleliy RBS ir
PIXE. Siekiant sukurti teorinj jrankj kanaliavimo
RBS modeliavimui, pradzioje sukurtas modelis
amorfiniy medziagy RBS modeliavimui [1].
Rezultatai parodé, kad GEANT4 paketas yra
tinkamas tokio tipo uzduotims. Sio darbo metu
buvo validuojamas teorinis kanaliavimo
modelis GEANT4 [2] programinio paketo
aplinkoje, kuris bus naudojamas kuriant
kanaliavimo RBS modeliavimo model;.
Pirminiai modeliavimai parodé, kad teorinis
modelis nekorektiskai vertina 2-10 MeV
energijos kanaliuojanc¢iy daleliy energijos
nuostolius, taip pat kanaliavimo salygas. Dél
Siy priezasciy buvo atliktos kodo modifikacijos.

Didelés energijos daleliy energijos nuostoliai
medziagoje daugiausia priklauso nuo lokalaus
elektrony tankio dalelés judéjimo kryptimi.
Kanaliuojancios dalelés sgveikauja su
santykinai mazesniu elektrony tankiu, lyginant
su amorfine medziaga. Teoriniame modelyje

energijos nuostoliams jvertinti buvo
naudojamas reakcijos skerpsjavio
modifikavimo algoritmas, pagal kurj

skerspjlvis modifikuojamas atsizvelgiant |
teorinj dalelés pozicijoje esanciy kristalo
atomy branduoliy ir elektrony tank.
Modeliavimai parodé, kad energijos nuostoliai
yra tokie, lyg dalelés sgveikauty su amorfine
medziaga. Vietoje skerspjlvio nuspresta
naudoti  saveikos atstumo  modifikacija.
GEANT4 programinio paketo aplinkoje dalelés
judéjimas susideda i$ zingsniy (angl. step) ir
ties kiekvienu zingsniu skaic¢iuojami fizikiniy

procesy saveikos atstumai. KanaliuojanCioms
dalelés Sie atstumai yra modifikuojami
atsizvelgus | elektrony ir branduoliy tank|.
Modifikuoto modelio rezultatai palyginti su
kodais FLUX7 [3], SRIM-2013 [4] ir
eksperimentiniais rezultatais [5]. Modifikuoto
modelio energijos nuostoliai 9 MeV protonams,
krintantiems lygiagreciai <110> silicio kristalo
atomy asiai, gerai sutampa su FLUX7
rezultatais (zr. 1 pav.). Pagrindinés skirtumy
tarp eksperimentiniy ir teoriniy rezultaty
priezastys yra eksperimentiniy salyay
fliuktuacijos (pluostelio energijos stabilumas,
detektoriaus energiné skyra ir pan.) bei
eksperimente naudoto kristalo netobulumai
(defekty kiekis ir kt.). Kritinio kampo salyga
modeliavimo atveju taip pat atitinka teorinius
rezultatus. Modifikuotas modelis toliau
tobulinamas ir kuriamas kanaliavimo RBS
skaitinio modeliavimo jrankis.

Experimental amorphous
— - - Experimental channeling

1 —— GEANT4 amorphous T

12 b — = = GEANT4 channeling i
— SRIM amorphous
— - = FLUX7 channeling

Trasmitted particles, a.u.

Energy, MeV

1 pav. 9 MeV energijos protony, praéjusiy 48 um
silicio kristalg, energijos spektras.
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FABRY PERO REZONANSO MODULIACIJA GRAFENO
KONDENSATORIUMI SUFORMUOTU ANT SILICIO PLOKSTELES

Andrius Kamarauskas, Gediminas Slekas, Dalius Seliuta, Laurynas StaisiGnas, Zilvinas Kancleris

Fiziniy ir technologijos moksly centras, Fizikiniy technologijy skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: andrius.kamarauskas@ftmc.lt

Yra zinoma, kad keiiant plokstelés, | kuria
krenta elektromagnetiné (EM) banga, pavirsinj
laidumag galima moduliuoti Fabry Pero
rezonansa (FP) [1]. Siame darbe mes
parodéme FP rezonanso valdyma, iSorine
jtampa kei¢iant uznesto ant dielektrinés
plokstelés dviejy grafeno sluoksniy su HfO;
intarpu elektrinj laiduma.

Paprasciausiu atveju, kai EM banga krenta |
dielektriko plokstele dél daugkartiniy jos
atspindziy pasireiskia FP rezonansas.
Praéjusios per plokstele EM bangos galios
maksimumas (iSnykus atspindziui)
formuojasi, kai ploksteléje telpa sveikas
pusbangiy skaicius [2].

1 pav. Tirto darinio su persiklojanciais grafeno sluoksniais
scheminis vaizdas. Izoliuojancio Si (e= 11,9) plokstelés
storis 0,5 mm, persiklojanciy grafeno sluoksniy srities
dydis 5 mm x 5 mm.

Masy tyrimo objektas pavaizduotas 1 pav. Ant
Si plokstelés padengtos 60 nm storio HfO, (&
= 30) sluoksniu uzgarintos aukso kontaktinés
aikstelés. Pirmasis grafeno sluoksnis Slapio
perkélimo blddu uzneSamas ant kontakty 1-3.
Sritis kuri persidengs kitu grafeno sluoksniu
padengiama 60 nm storio HfO, sluoksniu. Po
to uzklojamas virsSutinis grafeno sluoksnis tarp
kontakty 2-4. Taip pagamintas darinys yra kaip
kondensatorius, kurio metalinés plokstelés
pakeistos grafeno sluoksniais. Keiciant prie
grafeno sluoksniy prijungtg elektrinj potencialg,
kinta Fermi lygio padétis grafene ir taip
pakeic¢iamas grafeno pavirsinis laidumas [3].

Eksperimentiniai moduliatoriaus pralaidumo
tyrimai nuo pridéto elektrinio potencialo atlikti
380-460 GHz ruoze teraherciniu spektrometru
Toptica Terascan 780. THz spindulys nukreiptas
statmenai | grafeno sluoksniy persiklojimo sritj.

1,14
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2 pav. Eksperimentiskai iSmatuota pralaidumo
priklausomybé nuo THz spinduliuotés daznio, esant
skirtingai jtampai tarp sluoksniy. |détiniame grafike
pralaidumo priklausomybé nuo pridétos jtampos ties
FP rezonansu (415 GHZz). Jtampos poliSkumas grafike
nurodytas virsSutinio grafeno sluoksnio atzvilgiu.

Eksperimento rezultatai parodyti 2 pav. rodo,
kad pridéjus jtampa moduliatoriaus
pralaidumas FP rezonanso srityje zenkliai
sumazéja. Kaip matyti iS jdétinio grafiko
maksimalus THz pralaidumas stebimas, kai prie
virsSutinio sluoksnio jtampa -2 V.

Atlikus eksperimentus DC elektriniame lauke
nustatéme, kad keic¢iant pridéta jtampa apatinio
sluoksnio varza zenkliai sumazéjo, kai tuo tarpu
virSutinio silpnai priklausé nuo isSorinés jtampos.
Pastebétg skirtumg matomai salygoja tai, kad
grafeno sluoksnius supa skirtingos terpés.
Apatinis sluoksnis 1-3 i$ abiejy pusiy padengtas
60 nm storio HfO2, o virsutinis i$ vienos pusés
padengtas PMMA sluoksniu.

Dielektrinéje ploksteléje su dvigubu grafeno
sluoksniu pademonstruotas elektromagnetinés
spinduliuotés valdymas iSoriniu elektriniu lauku.
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Sb,Se; AUGIMO MECHANIZMO ANT ZERUCIO PADEKLU TYRIMAS

Martynas Bertasius, Rokas Kondrotas, Arnas Naujokaitis, Vidas Pakstas

Fiziniy ir technologijos moksly centras, Medziagy struktlrinés analizés skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: martynas.bertasius@ftmc.It

Plonasluoksniy saulés elementy technologijos
pastaraisiais deSimtmedciais yra padariusios didele
pazanga. Jose naudojamy kadmio teldrido
(CdTe), vario indzio galio selenido (CIGS) ar
perovskity saulés elementy konversijos nasumo
koeficientai jau yra pasieke >20% [1]. Taciau tokie
medziagy junginiai néra sudaryti iS pakankamai
Zeméje paplitusiy elementuy, jog jy baty uztektinai
komercinei gamybai, bei taip pat yra toksiski
aplinkai. Kaip viena iS nekenkianciy aplinkai
wzaliyjy“ alternatyvy absorberio sluoksniui yra
naudojamas placiai paplitusiy elementy junginys
stibio selenidas (Sb,Sez). Turédamas didelj
dviesos absorbcijos koeficientg (apie 103cm™),
Sb,Sez gali pasiekti pageidaujamag konversijos
nasumo koeficientg, jau ties ~200nm storiu, ir dél
to yra labai svarbi absorberio ir padéklo sandlros
kokybé, kur nutridke kovalentiniai rySiai gali
zenkliai sustiprinti nepageidaujamg pavirsine
kravininky rekombinacija [2]. Yra Zinoma, kad van
der Valso heterostruktliros gali sudaryti
bedefektinius pavirsius, nes néra arba yra labai
mazai nutrdkusiy kovalentiniy rysiy, bei gali
pasitarnauti optoelektroniniy prietaisy veikimui,
sumazindamos pavirsiaus kravininky rekombina-
cijos greitj [3]. SbsSez yra kvazivienmaté
medziaga, galinti suformuoti tokias van der Valso
heterostruktiras ant kity Zzemadimensiniy ar
trimaciy padékly [4]. Sio darbo tikslas buvo istirti
Sb.Sez augimo mechanizma ant Zérucio padékly,
turin€iu gera epitaksinj sarysj su Sb.Ses sluoksniu [5],
bei padidinti Sb,Ses kristalizacijos centry tankj
jterpiant vario ar NaCl pasluoksnius.

Sb,Sez sluoksniai buvo suformuoti ant lygiai
nupjauty zérucio laksty pavirSiy naudojant gary
terminj nusodinimo metoda, optimaliag Zérucio
pavirsiaus plokStumos orientacijg apskaiiuojant
nesudétingu geometriniu gardelés nesutapimo
algoritmu. Garinimui naudota trijy zony krosnis (1
pav.).
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1 pav. Eksperimentinés trijy zony kvarco krosnles schema.

Eksperimento parametry réziai: krastiniy krosnies
zony Z1ir Z3 temperatlra - [380-420°C], saltinio
zonos Z2 - [450-550°C], pasiekto vakuumo slégis
- [3°1073-2102 mbar]. Optimalls bandiniai buvo
gauti prie 380°C krastiniy ir 530-550°C saltinio
krosnies zony temperatlry. Bandiniai su
uzgarintais sluoksniais buvo tiriami skenuojanciu
elektroniniu mikroskopu (SEM) bei rentgeno
spinduliy difraktometru Rigaku (XRD). Gauti
rezultatai parodé, kad Sb,Sez ant zérucio augimo
palankiausia plokStuma yra (120). Rezultatai taip
pat parodé padidéjus| kristalizacijos centry tankj
bandiniuose su uzgarintais tiek vario, tiek NaCl
pasluoksniais, taciau jterpti vario atomai suardé
epitaksinj SbySez ir zérucio sarysj, sluoksniui
jgaunant polikristaline jvairiy sluoksnio augimo
krypc€iy struktlrg. NaCl, tuo tarpu, Sio sarysio
nesuarde, todeél jo pasluoksnio jterpimas gali bati
naudojamas kaip pagalbinis buddas padidinti
Sb,Sesz kristalizacijos centry tankj.
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S-METHYLTHIOURONIUM IODIDE IMPROVES PHOTOSTABILITY
OF MAPDbIz PEROVSKITE

Rokas Gegevicius', Gabrielé Kavaliauskaité!, Edvinas Orentas?,
Vidmantas Gulbinas', Marius Franckevicius'

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

2Department of Organic Chemistry, Faculty
of Chemistry and Geosciences, Vilnius University, LT-03225, Vilnius

Metal-organic perovskites have emerged as a
cost-effective alternative to conventional
semiconductor materials in the fields of solar
cells, light-emitting diodes, and
photodetectors. Although the need for high
efficiency of perovskite solar cells is almost
solved, the application of perovskites is still
threatened due to their low stability under
standard conditions. Various strategies have
been employed to address the stability
problem of perovskite solar cells, such as
modifying the perovskite layer by using mixed
dimensionality perovskite', using a
polycationic lattice?, and optimizing the
device structure by adding defect passivation
layers® and hydrophobic charge transport
materials®.

In this work we demonstrate the use of the
organic cation S-methylthiouronium as an
alternative material for the preparation of
hybrid perovskites. We show that a mixture of
S-methylthiouronium iodide (SMTI) and
methylammonium iodide (MAI) salts forms a
stable perovskite structure with composition
(MAY(SMTD1«xPbls, despite S-
methylthiouronium significantly exceeds the
Goldschmidt tolerance factor. The perovskite
solar cells containing SMTI exhibit enhanced
stability under ambient conditions and have
improved tolerance to photooxidation. The
ease of synthesis, low cost, and ability to
improve the stability of perovskite materials
against photooxidation by using SMTI suggest
excellent prospects for future applications.
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KRUVININKY JUDEJIMAS REALIOMIS ORGANINIY SAULES ELEMENTY
VEIKIMO SALYGOMIS

Rokas Jasitnas!, Vidmantas Jasinskas!, Huotian Zhang?, Feng Gao?, Vidmantas Gulbinas’

Fiziniy ir technologijos moksly centras, Molekuliniy dariniy fizikos skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: rokas.jasiunas@ftmc.lt

2Department of Physics Chemistry and Biology (IFM), Linkdping University,
Linkdping SE-58183, Svedija

Nors per tris savo egzistavimo deSimtmecius
organiniy saulés elementy technologija
zenkliai iStobuléjo, taciau fizikinis krivininky
judéjimo suvokimas Vis dar placiai
diskutuojamas tarp bendro sutarimo dél jo
nerandanciy mokslininky. Ypa¢ daug klausimy
kelia kravininky judris - esminis, taciau
sudétingas ir sunkiai perprantamas
parametras. Esant realioms saulés elementy
veikimo salygomis, kravininky pagavimas
zemos energijos blseny gaudyklése kelia

papildomus i$sGkius méginant isSnarplioti
kravininky judéjimo fizika.
Siame darbe [1] tyrinégjome krdvininky

judéjima artimose realioms veikimo sglygomis
skirtinguose organiniuose saulés
elementuose. Tam naudojom keleta skirtingy

Parodéme, kad kravininky pagavimas zemos
energijos blsenose zenkliai priklauso nuo
aktyviojo sluoksnio medziagy bei efektyviojo
elektrinio lauko.

Nurodéme sglygas, kuriose toks kravininky
pagavimas padidina kravininky judrij,
sumazina jo laikine priklausomybe mikrose-
kundinéje laiko skaléje ir kuomet tai neturi
reikSmingos jtakos kravininky judéjimui.

Taipogi, parodéme, kad pradinis kravininky

judrio kritimas, nulemtas kravininky relaksacijos

iS auksStos energijos blseny, nepriklauso nuo

zemos energijos buseny uzpildymoy
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STUDYING CONDUCTANCE OF THIN LAYER ON INSULATING
SUBSTRATE USING TERAHERTZ SPECTROSCOPY

Daniil Pashneyv, Justinas Jorudas, Roman Balagula, Andrzej Urbanowicz, and Irmantas Kasalynas

Terahertz Photonics Laboratory, Department of Optoelectronics, Center for Physical Sciences and Technology
Saulétekio av. 3, LT-10257 Vilnius, email: daniil.pashnev@ftmc.It

Thin conductive layers of graphene or two-
dimensional (2D) electron gas ((2DEG) in
heterostructures are widely used for the
development of high-frequency electronics and
terahertz (THz) photonics [1], [2]. Development
progress of such 2D materials requires non-contact
characterization and quality control methods [3].
THz spectroscopy allows investigation of complex
dielectric permittivity of material by measuring the
amplitude and phase spectra in transmission and
reflection geometries [4], [5]. Usually, Drude
conductivity model is used to describe THz wave
interaction with free carriers [6], [7]. Analytical
equations of the transmission coefficients have
been derived solving Maxwell's equations for
simplified system composed of a 2D conductive
layer on an insulating substrate of fixed thickness
[8]. It was confirmed that analytical modelling
accurately  describes experimental spectra
providing values of the substrate thickness and the
sheet conductance and scattering time of the
conductive layer [9]. Interesting feature of the
analytical approach is the Fabry-Perot oscillations
employed in fitting procedure which leads to
higher spectral resolution analysis. On other hand,
transfer matrix method is widely used to describe
spectra of multi-layer samples [10]. In this case, full
layer set of the heterostructure under investigation
can be used to find material parameters [3,9].

In this work, transmission spectra of AlGaN/GaN
high electron mobility transistor (HEMT) structures
on semi-insulating SiC  substrate are we
investigated in the IR and THz-frequency ranges.
Corresponding spectra were obtained using THz
time-domain spectroscopy (TDS) and Fourier
transform infrared (FTIR) systems in the frequency
range of 0.1-22 THz at two temperatures of 77 K
and 300 K. The results analysis is based on the
analytical and transfer matrix methods [3, 9].

The samples were fabricated of commercial
AlGaN/GaN HEMT structures with 2DEG density
and mobility values being of the range of
(3.5-11) ¢10” cm? and  (1500-1800) cm?/(V*s),
respectively. Van der Pauw geometry samples were
processed for material characterization in Hall
experiment under dc-bias. For detail analysis, three
mesas of various depths were prepared on two
samples by reactive ion etching in order to find
performance of a 2DEG and heterostructure layers
individually. Typical transmission spectrum of
zone on AlGaN/GaN HEMT structures with 2DEG is
shown in Figure 1. Experimental spectra were fitted

by analytical model revealing the values of sheet
conductance and scattering time of 2DEG layer.
Electron mobility and density values were found in
good agreement with those directly found in Hall
experiment. Additional modeling by transfer matrix
method confirmed results of analytical analysis [9].
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Fig. 1. Transmission spectrum of HEMT structure: black
square symbols show experiment, solid line is the
analytical model data at best fit parameters:
®c=15.66 MS/sq., n=6.2:102 cm?2, p=156785 cm?/(V-s),
1=1975 ps, Ds=532 ym. Hall data for the same sample:
®c=15.65 MmS/sq, n=10.0-10"2 cm=2, u=10 ¥%0 cm2/(V-s).

The dependence of transmission spectra on
temperature reveals existence of renormalization
phenomenon of the electron effective mass in
different AlGaN/GaN heterostructures, which is
better pronounced above critical temperature of
134 K [11]. Effective mass changes with temperature
were observed in different commercial AlGaN/GaN
HEMT structures, value of which was similar to
recent results [3, 11, 12].

The work was supported by the Research Council
of Lithuania (Lietuvos mokslo taryba) under the
“TERAGANWIRE” project (grant No. S-LL-19-1).
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THz IMPULSUY EMISIJOS SPEKTROSKOPIJA

Ricardas Norkus, Ignas Nevinskas, Vaidas Pacebutas, Vitaly Leonidovich Malevich,
Pavel Aliaksandravich Ziaziulia, ArtGnas Krotkus

Fiziniy ir technologijos moksly centras, Optoelektronikos skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: ricardas.norkus@ftmc.It

Medziagos zadinamos ultratrumpais lazerio
impulsais gali skleisti elektromagnetine spinduliuote,
kurios daznis yra terahercy dazniy diapazone. Sis
THz impulsy emisijos bldas buvo stebétas
puslaidininkiuose, dielektriniuose kristaluose,
metaluose, dujose ir skysciuose. Dél Sios priezasties
THz emisijos spektroskopija (TES) yra universalus
bldas tyrinéti jvairias medziagas bekontakciu budu.
Kadangi gali bati skirtingi mechanizmai atsakingi uz
THz impulsy mechanizma skirtingoms medziagoms
gali bati galima nustatyti skirtingus parametrus.
Jorastai puslaidininkiuose generacija vyksta dél
pavirsiuje sugeneruoty sparciai kintanciy fotosroviy.
Sios atsiranda dél puslaidininkyje esanciy vidiniy
lauky, skirtingy skyliy ir elektrony judriy ar balistinio
elektrony judéjimo. Suprantant Siuos mechanizmus
ir juos jvertinus galime nagrinéti medziagy juostinés
struktlros parametrus kaip draustiniy juosty tarpa,
Soniniy sléniy padétis [1] ar heterosandury laidumo
juostos triakio vertes [2,3].

Laidumo juostos trikj heterosandurose naudodami
TES galime nustatyti esant tam tikroms salygoms.
Kadangi jorastai THz impulsai pavirsiuje
generuojami dél krGvininky atsiskirimo ir jy balistinio
judéjimo. Jei puslaidininkis, kurio draustiniy juostos
tarpas yra mazesnis bus pakankamai plonas,
galésime riboti krGvininky atsiskyrima. Tai jvyks dél
to, jog suzadinti elektronai negalés jveikti
susidariusio barjero heterosanduros laidumo juostoje
ir nepateks | puslaidininkj su didesniu draustiniy
juosty tarpu. Taciau suteikiant  pakankamai
perteklinés energijos elektronai galiausiai galés
atsiskirti ir patekti j minéta puslaidininkj. Taip bus
generuojamas pakankamai efektyvus THz impulsas, o
Sis l0Zis bus gerai matomas TES spektre. Sie
eksperimentai iki $iol buvo atlikti GaAsBi/GaAs [2],
INnGaAs/InP, InGaAsBi/InP [3] heterosandurose,
kuriuose buvo nustatyti laidumo juostos trikiai. Sie
eksperimentai atliekami bandinj apsvieciant is
sluoksnio pusés, dél to reikalingas plonas sluoksnis,
jog elektronai galéty pasiekti heterosandura.
Pastaruoju metu buvo atlikti eksperimentai norint
rasti alternatyvy bldg Siam parametrui nustatyti, jog
nereikéty plono sluoksnio. Tai galima pasiekti
apsviecdiant bandinj is padéklo pusés.

Siame darbe buvo tyrinégjama THz impulsy emisija
bltent apsviecCiant heterosandura is padéklo pusés.
Buvo atlikti tiek eksperimentiniai matavimai, tiek
analitiniai ir skaitmeniniai Monte Karlo skaiciavimai.
Buvo tyrinégjamos InGaAs/InP ir InGaAsBi/InP

heterosanddros [4]. Siuo atveju buvo uZauginti
sluoksniai buvo 600 nm ir 250 nm storio.
Eksperimentiniai rezultatai parodeé, jog spektruose
(Ipav.) atsiranda THz impulso fazés virtimas ties
0.85 eV. |vertinus tai kiek perteklinés energijos
fotonai perduoda elektronams. Si verté gana gerai
sutampa su pries tai gautomis vertémis
nusakanciomis laidumo juostos trukj. Tuo tarpu
apsvieciant i$ sluoksnio pusés tokio fazés virtimo
néra. Norint jvertinti dél ko atsiranda fazés
virtimas buvo pritaikytas gana paprastas fotosrovés
generacijos modelis, tiek analitiniai, tiek Monte Karlo
skai¢iavimai parodé, jog fotosrové yra didesné
padéklo puséje, kai elektronai turi pakankama
energijg jveikti heterosanduros laidumo juostos
barjerg. Taigi Sie matavimai parodé, jog galime
nustatyti heterosandlros laidumo juostos trakio
verte alternatyviu bldu apSvieCiant bandinj is
padéklo puseés.
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1pav. TES spektrai InGaAsBi/InP heterosandiros, ja

apsSviecCiant iS padéklo pusés (raudoni apskritimai) ir

sluoksnio pusés (zali trikampiai). Mélynu kryziumi

pazymeéti Monte Karlo skai¢iavimo rezultatai.
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Graphene is two-dimensional (2D) material,
with many potential applications in the
terahertz (THZz) and infrared (IR) ranges, such
as a absorber/modulator [1], transparent gate
contact [2] and etc. Since synthesis, transfer
of the graphene and its device fabrication are
extremely sensitive to the technological steps
involved in the process flow, the development
of the non-destructive characterization
methods of 2D materials electrical properties
is very important [3].

In this work, we combine the THz time-domain
spectroscopy (TDS) and Fourier-transform
infrared (FTIR) spectroscopy methods for the
characterization of graphene electrical
parameters. The graphene samples were
prepared by different wet-transfer techniques
on various substrates [4] including a high
resistivity (HR) Si wafers. Structural quality of
the graphene was controlled by well adapted
Raman spectroscopy [5]. The transmission
spectra were numerically described in terms
of high-frequency Drude conductivity, results
of which were found to corelate with the
electrical dc-conductivity estimated from Hall
experiment [6], [7]. Developed remote
characterization method allowed wus to
compare different graphene samples
measuring the sheet resistance, carrier
density and mobility values.

A CVD graphene synthesized on a copper foil
was used for the sample fabrication onto a
semi-insulating Si using wet-transfer
technique. Dissolution-based removal of the
supporting PMMA layer after transfer process
was realized by chloroform (Si-Cl), acetone
(Si-A), and alcohol (Si-IP) solutions. 2D
material parameters were evaluated on base
of Raman spectra and optical microscope
images analysis, summary of the results is
given in Table 1. All graphene films
demonstrated narrow line of 2D mode and
relatively high 2D/G mode ratios in Raman
spectra.

A THz TDS system were used to investigate
the transmission spectra of graphene in the
range of 0.1-2.5 THz. Optical spectra at higher
frequencies up to 18 THz were acquired by

FTIR spectrometer. The obtained
characteristics were fitted by Drude
conductivity model to determine the sheet
resistance, carrier density and mobility values
in graphene. Traditional contact-based Hall
effect measurements in Van der Pauw (VdP)
configuration with contacts placed at edges
of graphene film were fulfilled also. In Table 1,
the sheet resistance obtained from TDS and
Hall experiments are labeled as Rs-rps and Rs.
vap, respectively. For all samples, the Rs.vap
values were much higher, than Rs.rps,
indicating, that carrier hoping dominates
conductivity in the samples [8].

Table 1. Comparison of Raman spectra properties

and sheet resistance for graphene under study.
2D
Rs- Rs-

Sample FWHM 2raDt/| S (stros) (Q;SWP)
(cm™) a. g
Si-Cl 29.5 2.5 846 2728
Si-A 31.5 3.1 845 2132
Si-1P 27.9 2.9 1114 3116
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through the “T-HP” Project (grant No.
DOTSUT-184) funded by the European
Regional Development Fund according to the
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SILICIO OPTIKA
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Terahercy (TH2) fotonika yra viena
aktualiausiy optoelektronikos tyrimo krypciy.
Pastaruoju metu vienas iS svarbiausiy THz
mokslo  tiksly yra sukurti kuo labiau
kompaktiskas THz  spektroskopines bei
vaizdinimo sistemas ir rasti naujus bldus
spinduliuotei valdyti. IS ankstesniy tyrimy yra
zinoma, jog tam puikiai tinka kompaktiski
silicio optiniai elementai [1,2,3].

Terahercy vaizdinimo sistemose vienas i$
svarbiausiy parametry yra pluosto forma.
lprastai atliekant vaizdinimo eksperimentus
naudojamas Gausinis pluostas, tacCiau vis
daugiau démesio susilaukia nedifraguojantys
pluostai. Vienas iS pavyzdziy yra Airy pluostas,
kuris fokusuojasi ne | vieng zidinio taska, o
sklinda iSlenkta paraboline trajektorija (1 pav.
(c)). Negana to, Airy pluostas yra savaime
atsistatantis, todél net susidldres su kliGtimi, jis
vél susiformuos isilgai sklidimo asies [4].

Darbo tikslas - istirti Airy pluosto savybes ir
pritaikyti fazine Airy plokstele THz vaizdinimo
sistemoje.

Airy pluostas generuojamas su fazine kauke,
suformuota and silicio padéklo, naudojant
lazerinés abliacijos metodikg (1 pav. (a)). Airy
elementg kombinuojant kartu su kitais optiniais
elementais, galima lengvai valdyti THz
spinduliuote.

Vienas i§ THz spinduliuotés formavimo budy
yra pluosto islenkimas. Sis metodas gali bati
pritaikomas atliekant THz vaizdinimag, kai tarp
difrakcinio optinio elemento ir vaizdinamo
bandinio yra THz spinduliuotei neskaidri kliatis
[5]. Naudojant tik jprastus difrakcinius
elementus, tokia kliGtis uzdengty THz
spinduliuote. Taciau isSlenktas Airy pluostas
netrikdomas apeina kliatj, todél rezultate
gaunamas geros kokybés vaizdas.

Taip pat THz vaizdinimo sistema, kurioje
naudojamas Airy pluostas, gali bati pritaikoma
tiriant  bandinius su  skirtingais grafeno
sluoksniais. Siuo metu tai yra aktualu, nes
anglies nanomedziagos, tokios kaip grafenas,
yra placiai naudojamos Siuolaikinése
technologijose. Grafeno kokybé ir jo sluoksniy

skaicCius yra svarbus kriterijus gaminant anglies
pagrindo optinius elementus. Sis metodas
pranasus tuo, kad jis leidzia bekontakciu badu
per trumpg laikg nustatyti grafeno sluoksniy
skaiCiy, o Airy pluosto déka, Sie sluoksniai
pasizymi geresniu kontrastu dél fazei jautraus
elemento.

Signalas (mV)

a) c) — 16
1
,§12
8
E
N
: .
0246 810 0 4 8
x (mm) X (mm)

1 pav. (@) Faziné kauké dvimaciam Airy pluostui
formuoti, (b) Airy pluosto intensivymo pasiskirstymas
XY asimis ir (c) iSilgai pluosto sklidimo kryptimi

Siame darbe buvo tirta faziné Airy plokstelé su
8 kvantavimo lygiais ties 0.6 THz dazniu. Istirtas
Airy pluostas, kuris buvo pritaikytas atliekant
bandinio vaizdinima uz kliGties. Net ir esant THz
spinduliuotei neskaidriam barjerui, gautas geros
kokybés vaizdas. Taip pat, Airy pluostas
panaudotas mazg sugert] turinCiy objekty
vaizdinimui. |vertinus gauty vaizdy kontrasta,
nustatytas grafeno sluoksniy skaicius.
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In today’s quickly technologically emerging
world THz/sub-THz frequency range imaging
systems were proved to be useful for huge
amount of practical applications (security,
pharmacy, etc.). Such quickly expanding
application range determines the need for
small, powerful, but economically efficient
emitters [1, 2]. Currently, the largest amount of
scientific studies for THz frequency range
wavelength generation are dedicated to
quantum cascade lasers (QCL), whose
biggest disadvantage is inability to operate
within room temperature and complex inner
structure. Metamaterials, on the other hand,
being relatively new subject, are very
promising due to their relative simplicity,
possibility to work in a wide range of
temperatures and low production price.

In this work experimental and theoretical results of
thermal GaAs metamaterial emitters for sub-
THz/THz frequency range are presented. Working
principles for such devices is based on thermal
radiation resonance, which occurs due to the
coupling of surface plasmon polaritons, which are
simultaneously excited on both conductive layers
of the structure [3, 4]. Considering relatively small
thermal radiation intensity in sub-THz region, it is
very important to make precise structure
optimization to achieve emission powers that
would be at least theoretically available for
practical applications. In this study, optimization
was performed using 3D finite-difference
time-domain (3D FDTD) method.

Taking into account, GaAs-based semiconductor
devices, which are currently being developed in
department, thermal emitter was implemented
using n-GaAs/GaAs/Au structure instead of
typical Au/SiO>/Au [5]. First experiments were
performed using the simplest square metasurface
cell geometrical shape. Metasurface layer was
prepared using e-beam deposition method and
structuring was performed by UV laser
lithography, allowing to achieve up to 1T um

resolution. Geometrical metasurface parameters
were adjusted according to the desired frequency.

4 samples, operating in 08 THz - 14 THz
frequency range were prepared. Emission
characterisation was performed using Michelson
interferometer by heating the samples up to
400°C using specially prepared controlled heater,
ensuring good heat transfer and temperature
stability. In order to avoid parasitic setup
emittance, 4 mm cone aperture was used along
with 4 THz high-frequency filter. Signal was
registered using Golay detector.

.56 THz

Amplimde, au

1.0 1.5
Frequency. TIlz

Figure 1. Sketch, displaying the structure and
typical emission spectra (inset).

During this work, metasurface emitter for
THz/sub-THz frequency range was
successfully demonstated using GaAs
platform. Good coincidence between
theoretical calculations and experimental
results offer thus relatively simple THz/sub-
THz emitter with desired resonant frequency.
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KASKADINIU LAZERIU PAVIRSIAUS KOKYBEI
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Kvantiniai kaskadiniai lazeriai (QCL) dabar laikomi
standartiniais Sviesos Saltiniais daugeliui cheminiy
jutikliy, dirbanciy  vidurinéje infraraudonujy
spinduliy ruoze (Mid-IR) 3-10 pum. Deja, QCL
formavimas naudojant molekulinio  pluosto
epitaksija (MPE) yra labai sudétingas, nes net
maziausi augimo salygy svyravimai gali stipriai
jtakoti kristalinés gardelés kokybe ir lazerio
savybes. Dél labai stiprios arseno desorbcijos
greicio temperatiros priklausomybés reikia naudoti
didelj arseno virsslégj vietinio oksido desorbcijos
proceso metu. Kita vertus, didelis V grupés
elementy virsslégis gali sukelti antisaity susidaryma
ir padidinti defekty tankj iSaugusioje struktiroje.

Siame darbe mes tiriame, kaip InAs kristaliniy
padékly oksido desorbcija ir stipriai Si-legiruoto
plakiruojancio sluoksnio augimo salygos, taip pat
ploksteliy temperatlros pasiskirstymas, jtakoja
defekty tankj suformuotoje struktdroje. Defekty
tankis yra labai svarbus QCL ploksteliy kristaly
parametras, nes jis tiesiogiai koreliuoja su lazerio
nasumu. Defekty tankis buvo vertinamas
naudojant diferencialinés interferencijos
kontrasto mikroskopija.

Atliekant pirminius QCL struktlry auginimus,
buvo pastebéta, kad InAs medziagos epitaksija
ant dviejy coliy kristaliniy padékly, leidzia gauti
pakankamai storus sluoksnius su labai mazy
(~200 cm™) defektu tankiu. Tuo tarpu naudojant
3-jy coliy padéklus, situacija yra kitokia - augimo
metu padékly iSorinis Ziedas turéjo labai daug
defekty (> 8000 cm™@). Manoma, kad §&i sritis
susidaro dél ploksteliy laikiklio uztersimo. Siekiant
iSvalyti laikiklius nuo bet kokios tarsos, jie buvo
nusméliuoti. Tai pakeité laikikliy pavirsiaus
SiurksStuma, kas [émé padidéjusia Silumos is efuzijos
celiy ir padéklo kaitintuvo sugertj. Manome, kad tai
sukélé labai netolygy temperatiros pasiskirstyma.
Pirometru iSmatuotas padéklo temperatdrinis
gradientas (nuo centro link krasto) sieké apie 25 °C
skirtuma. Sis temperatlros pokytis paveike
deoksidacijos proceso kokybe, perkaitindamas
padékly periferijg, o augimo metu nebuvo jmanoma
kontroliuoti deoksidacijos stebint RHEED
rekonstrukcijas, nes Siuo metodu yra stebima tik
centriné padéklo dalis. Tai Ilémé netolygig padéklo
valymo procedlrg, dél kurios atsirado didelis
defekty tankis su nejprastu pasiskirstymu (1 pav).
Didelis temperatirinis gradientas per padékla taip

pat turéjo didelj poveikj stipriai siliciu legiruoto
plakiruojancio sluoksnio augimui, dél ko susidaré
regionai, kuriuose yra labai didelis defekty tankis.
Siekiant sumazinti defekty tankj, augimo salygos
buvo kruopsciai pakeistos, iSlaikant pusiausvyrg
tarp arseno virSslégio ir augimo temperatdros.
Tacdiau sarankos pakeitimai buvo nepakankami,
norint  sumazinti ploksteliy temperatiros
gradienta. Problemai spresti, buvo panaudotas
tokio pat dydzio silicio padéklas, uzdétas tiesiai
ant InAs padéklo, kuris turéty veikti, kaip Silumos
skirstytuvas. Tai turéjo teigiama jtaka ir leido
smarkiai sumazinti InAs pagrindu pagaminty
kvantiniy kaskadiniy lazeriniy struktlry defekty
tankj ir leido uzauginti elektroliuminescuojancias
struktdras (2 pav.).

1 pav. QCL kristalo pavirSiaus, po nesékmingo
auginimo, Nomarskio vaizdas.
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2 pav. QCL kristalo elektroliuminescencijos
spektras.
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IN InGaAs QUANTUM WELLS

Andrea Zelioli, Algirdas :Jasinskas, Simona Pukiené, Lukas Jocionis,
Bronislovas Cechavicius and Renata Butkuté

Center for Physical Sciences and Technology, Vilnius, Lithuania
andrea.zelioli@ftmc.lt

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 investigation conditions
various application require unique 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
semiconductor 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 (VCSELs), which emit
circular fundamental transverse 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 behaviour of the emission
wavelength was studied in relation to the design
parameters of the VECSEL chip. Multiple InGaAs/
GaAs quantum wells (MQWSs) and AlAs/GaAs
Distributed Bragg reflector (DBR) were used for
VECSEL architecture. The separate layers and
VECSEL structures were grown using solid-
source MBE system (Veeco GENxplor R&D)
equipped with standard cells for metallic Al, Ga
and unique As design source generating pure
arsenic dimers flux. The structure was grown on
semi-insulating GaAs substrate oriented in (0O0T1)
crystalline plane. The number of MQWs was set at 12.

Different samples were grown varying the In
content in the QW from 14% to 30% and the
emission wavelength of these structures was
measured using photoluminescence
spectroscopy at room temperature. The results

obtained from these measurements are
presented in Figure 1 where we can see an
increase in wavelength emission with the
increase in indium content.

The same characterization was performed on
samples grown with different QW’s thickness in
order to study the effect of thickness on the
wavelength emission. The results are shown in
Figure 2. Using the knowledge acquired from
these measurements the full VECSEL chip was
fabricated, aiming at the production of a
structure with emission wavelength of 976 nm.
The reflectance of DBR was modelled for 25-30
GaAs and AlAs periods to obtain higher than 97%
at central DBR wavelength of 976 nm. All grown
layers and VECSEL structures were characterized
by Atomic Force Microscopy, Reflectance and
Photoluminescence measurements.
Diffrent quantum well width(3.8-7.5)nm
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Figure 1. Measured wavelength emission as a function
of In content in the quantum wells.
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Figure 2. Measured wavelength emission as a function
of QW width.
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STIPRIOSIOS SAVEIKOS REZIMAS HIBRIDINESE TAMM‘O PLAZMONU -
PAVIRSINIYU PLAZMONUY POLIARITONY MODOSE

Ernesta Buzavaité-Verteliené', Vilius Vertelis?, Zigmas Balevicius'

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

2 Fiziniy ir technologijos moksly centras, Funkciniy medziagy ir elektronikos skyrius
Saulétekio al. 3, LT-10257 Vilnius

Per kelerius paskutinius metus pradéta placiau
tyrinéti stipriosios sgveikos efektg tarp
hibridiniy sistemy, tokiy kaip plazmonai ir
eksitonai [1]. Tokiose hibridinése sistemose
energijos mainai jvyksta per koherentiSkumo
laikg, todél energija keic¢iamasi be nuostoliy.
Kuomet plazmonas ir eksitonas yra suristoje
blsenoje, energijy lygmenys nuo pradiniy jy
verciy pakinta ir tokia nauja sistema yra
hibridiné.

Stiprioji saveika gali bati ir hibridinése
plazmoninése sistemose. Viena tokiy sistemy
yra hibridiniai Tamm‘o plazmony - pavirsiniy
plazmony poliaritonai (TPP-SPP) [2]. Tokie
hibridiniai TPP-SPP suzadinimai generuojami
struktlrose, sudarytose isS 1D fotoninio kristalo
(FK) su plonu metalo sluoksniu, pritvirtintose
prie prizmés ar gardelés. Abu suzadinimai
(TPP ir SPP) yra generuojami skirtingose to
paties metalo sandidrose: TPP suzadinimas
generuojamas 1D FK/metalas sandaroje, o SPP
- metalas/dielektrikas (t. y. supanti aplinka)
sanddroje. Tokie suzadinimai, esant pakankamai
plonam metalo sluoksnio storiui, pasizymi
stidmos pozymiu ir tokiu bddu labiau iSstumia
vienas kitg iS metalo | dielektrika. Dél labiau |
dielektrikg iSstumto suzadinimo sumazéja
energijos nuostoliai, kuriuos plazmoninés
modos patiria metale, o tai pasireiskia
plazmoniniy rezonansy ploc¢io susiauréjimu.
Toks nuostoliy sumazéjimas padidina tokio
TPP-SPP suzadinimo jautruma [3].

Siame darbe buvo tiriama plazmonineé -
fotoniné nanostruktdra, pagaminta iS 1D
fotoninio kristalo su plonu (40 nm) aukso
sluoksniu. FK buvo pagamintas i§ 6
pakaitomis uzauginty TiOz (-60 nm) ir SiO»
(110 nm) bisluoksniy. TPP-SPP plazmoninéms
bangoms zadinti lbei stiprigjai saveikai
hibridinéje TPP-SPP modoje tirti buvo
naudojamas visiSkojo vidaus atspindzio
elipsometrijos metodas. Stipriosios saveikos
rezimui nustatyti buvo naudojamas paprastas
eksperimentinis  optiniy filtry metodas.
Optiniai filtrai (Schott OG 590 (F1) filtras - TPP
komponentei nufiltruoti, Schott VG 14(F2) -
SPP komponentei nufiltruoti) buvo jterpiami

tarp Sviesos Saltinio ir tiriamojo objekto
(prizmé/FK/Au struktdros) ir buvo parinkti
taip, kad filtruoty tik viena hibridinio TPP-SPP
suzadinimo komponente (SPP arba TPP). Sie
tyrimai parodé, kad sistemai esant stipriojoje
sgveikoje, nufiltruotos hibridinés TPP-SPP
modos komponentés (SPP arba TPP)
dispersiniai sarySiai atitinka tokius, Kkai
generuojamos abi TPP-SPP suzadinimo
komponentés. Eksperimentiniy  TPP-SPP
kreiviy tinkinimo rezultatai parodé, kad
didziausia sagveikos stiprumo verté yra ties
pavieniy TPP ir SPP kreiviy susikirtimo tasku.
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1 pav. Hibridiniy TPP-SPP suzadinimy be F1 ir F2
filtry p-poliarizacijos atspindzio spektro (pilka
istisiné linija) palyginimas su F1 ir F2 filtrais
matuotais atspindzio spektrais (raudona ir mélyna
kreivés, atitinkamai).
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SANJAKO EFEKTU PAGR|STAS OPTINIS IZOLIATORIUS

Jaroslav Kodz, Kestutis Regelskis, Nikolajus Gavrilinas, Julijanas Zeludevi&ius

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

Optiniais izoliatoriais yra vadinami prietaisai
(optinés sistemos), kurios praleidzia Sviesg tam
tikra kryptimi, taciau blokuoja jos sklidima
prieSinga [1]. Tokie prietaisai yra naudojami pvz.
norint apsaugoti lazerius nuo isSsklaidytos ir atgal
griztancCios Sviesos, kuri gali sutrikdyti jy veiklg
arba norint iSvengti parazitiniy signaly
interferencijos optinés komunikacijos tinkluose.

Daugumos praktikoje naudojamuy optiniy
izoliatoriy veikimo principas yra pagrjstas
Faradéjaus efektu [2], kai pirmyn ir atgal skaidria

medziaga sklindancCios Sviesos poliarizacijos
orientacija keiCiama iSoriniu magnetiniu lauku.
Egzistuoja ir Kkiti fizikiniai reiSkiniai leidziantys

realizuoti neapgreziamajj Sviesos perdavima, tokie
kaip: Ramano stiprinimas, stimuliuota Brillouino
sklaida, parametriné generacija, dinaminiai
procesai (pvz. lGzio rodiklio moduliavimas laike),
Fezeau efektas [3]. Siame darbe, misy ziniomis
pirma kartg pasaulyje, pademonstravome naujo
tipo optinj izoliatoriy, pagrjstg Sanjako efektu.

Sviesos neapgreziamasis perdavimas gali bati
sudarytas pasitelkiant Sanjako efektu, kai |
kampiniu greiciu Q besisukantj ziedinj
interferometrg yra jvedamas Sviesos pluostas,
kuriame Sviesos pluostas padalinamas j du vienodo
intensyvumo  Sviesos pluostus, sklindancius
priespriesai. Dél Sanjako efekto jneSamas faziy
poslinkis */2 radiany, kurio zenklas priklauso nuo
prieSpriesai sklindanciy Sviesos pluosty sklidimo
krypties atzvilgiu ziedinio interferometro sukimosi
krypties. Tarp prieSpriesai sklindanciy ziediniame
interferometre Sviesos pluosty yra jneSamas
papildomas fiksuotas faziy poslinkis /2 radiany,
rezultate gaunant suminj fazés poslinkj o radiany
arba 0. Po to, ziediniame interferometre
prieSpriesai sklindantys Sviesos pluostai
interferuodami apsijungia | vieng pluosty ir iSeina is
besisukancio ziedinio interferometro kitu keliu nei
Sviesos pluostas patenka | interferometra.
Skaidulinio optinio izoliatoriaus pagrjsto Sanjako
efektu optiné schema yra pavaizduota 1 pav.
Tyrimams buvo naudojama koherentiné 1063 nm
spinduliuoté (nuolatineés veikos). Skirtingy
poliarizacijy pluostai buvo apjungiami is iSskiriami
panaudojant poliarizacinius pluosto  daliklius
(PBS). Prietaiso pralaidumo abiem kryptimis
priklausomybés nuo sukimosi greiCio buvo
matuojamos tomis paciomis sglygomis ir (beveik)

tuo paciu metu. Pralaidumo kreivés pavaizduotos
2 pav. Didinant disko sukimosi greitj stebime, kad
Sviesos pralaidumas ir blokavimas viena kryptimi
iSlieka praktisSkai nepakites. Tuo tarpu prieSinga
kryptimi Sis santykis kinta, kol galiausiai prie tam
tikro greiCio pralaidumo ir blokavimo kanalai
visiSkai  susikeiCia.  Geriausia  uzregistruota
izoliacija siekia 20.2 dB.
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1 pav. Skaidulinio optinio izoliatoriaus pagrjsto
Sanjako efektu optiné schema.
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2 pav. Prietaiso pralaidumo tarp skirtingy kanaly
priklausomybé nuo sukimosi greicio.
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SVIESOLAIDINIS DERINAMO BANGOS ILGIO IMPULSUY
GENERATORIUS PAREMTAS FAZES SAVIMODULIACIJA IR PAKAITINIU
SPEKTRINIU FILTRAVIMU

Gustas Liaugminas, Julijanas Zeludevicius, Kestutis Regelskis

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius
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Derinamo bangos ilgio impulsiniai lazeriniai
Saltiniai turi pritaikymy tokiose srityse kaip
biomedicina [1] ir oro tarSos stebéjime [2].
Dauguma jprasty impulsy generavimo metody
remiasi mody sinchronizacija, kuriai jgyvendinti
naudojami aktyvus moduliatoriai arba
jsisotinantys sugérikliai (pvz. SESAM), kurie
laikui bégant degraduoja, be to apriboja bangos
ilgio ir pasikartojimo daznio pasirinkima [3].

Siame darbe pristatome $viesolaidine impulsy
generavimo sistema, kurios veikimas paremtas
impulso fazine savimoduliacija ir pakaitiniu
spektriniu filtravimu. Tokia sistema leidzia
sugeneruoti keliy pikosekundziy trukmés
impulsus, kuriy bangos ilgis gali bati derinamas
nuo 1018 nm iki 1044 nm.

Generavimo metodas paremtas tuo, kad
trumpo pradinio impulso spektras, sklindant
tam tikro ilgio Sviesolaidziu, dél fazinés
savimoduliacijos iSplinta. Dalis Sio plataus
spektro yra isfiltruojama gausiniu filtru ir
grazinama atgal j sistema. Sis impulsas yra vél
stiprinamas, iSple¢iamas spektre ir filtruojamas
kitu filtru, kurio spektriné padétis paslinkta
pirmojo filtro atzvilgiu. Vykstant tokiai
cirkuliacijai generuojama impulsy vorg, kurios
pasikartojimo daznis priklauso nuo
Sviesolaidzio, kuriuo sklinda impulsas ilgio, o
bangos ilgis priklauso nuo filtry spektriniy
padéciy. Tokiai generacijai startuoti reikalingas
uzkratinis impulsas, taciau galimas ir savaiminis
generatoriaus startavimas, jei filtry spektrai turi
tam tikrg persiklojima.

et

MRV Teomamal 7
° == S P Vb Exi
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1 pav. Eksperimentiné schema

Esant nedideliam spektriniam persiklojimui
sistemoje atsiranda grjztamasis rysys, dél ko
pradeda generuotis atsitiktinés galingy
impulsy serijos, kurios gali veikti kaip uzkratinis
impulsas ir startuoti trumpy impulsy seka.

Eksperimentinéje sistemoje stiprintuvg sudaré
iterbiu legiruota dvigubo apvalkalo skaidula j
kurig per skaidulinj tankintuva jvedama 976 nm
kaupinimo spinduliuoté. Spektriniam filtravimui
buvo panaudotos dvi atspindinéios difrakcinés
gardelés orientuotos Littrow kampu, spektrinés
filtry padétys buvo derinamos keic¢iant
difrakciniy gardeliy pasukimo kampa. Tarp
gardelés ir stiprintuvo buvo jvirintas skaidulinis
pluosto daliklis, skirtas sugeneruoty impulsy
iSvedimui (2 pav).

Perklojant difrakcines gardeles skirtingose
iterbio stiprinimo juostos vietose, pavyko gauti
savaime startuojanc¢ig impulsy seka, kurios
pasikartojimo daznis 14,4 MHz, vidutiné impulsy
galia 1 mW, o bangos ilgis derinamas nuo 1018
nm iki 1044 nm (2 pav). Impulso spektro plotis
priklauso nuo difrakciniy gardeliy réziy tankio.
Mdsy atveju impulso spektro plotis 0,7 nm, tai
atitikty 2 ps trukmeés impulsa.
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2 pav. Impulsy spektrai perklojant filtrus skirtingose

spektrinése padétyse.
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SKULPTURINIY PLONY SLUOKSNIY PAGRINDU SUFORMUOTI SILICIO
OKSIDO VEIDRODZIAI DIDELES GALIOS LAZERIAMS
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Siuolaikiniai modernls ir inovatyvls lazeriniai
jrenginiai pasizymi dideliy galiy spinduliuote.
Vieni iS pagrindiniy komponenty lazerinéje
sistemoje yra optiniai elementai padengti plonais
sluoksniais, kurie dazniausiai apriboja iSeinamos
lazerinés spinduliuotés galig dél salyginai mazos
indukuotos pazaidos slenkscCio vertés. Siekiant
padidinti atsparuma lazeriniai spinduliuotei,
optiniai elementai yra modifikuojami jvairiais
bldais, jskaitant sluoksniy medziagy inzinerijg arba
elektrinio laukio pasiskirstymo optimizavima
formuojant daugiasluoksne struktarg [1].

Optiniai dangai saveikaujant su didelés energijos
nanosekundiniais lazeriniais impulsais,
medziagoje susidaro jtempiai dél terminio
plétimosi, kas gali tapti pazeidimo priezastimi.
Taigi Siame darbe yra tiriami poréti nanostruk-
tdrizuoti sluoksniai, kurie pasizymi mazomis vidiniy
jtempiy vertémis. Kita optinj atsparuma ribojanti
priezastis yra pati medziaga, todél batina istirti
plony sluoksniy optinio atsparumo priklauso-
mybes tiek nuo medziagy nanostruktdros, tiek
nuo draustinés juostos tarpo.

Taikant Siuolaikine medziagy inzinerijos
technologijg - garinimo kampu metodikg, yra
suformuojamos skirtingo porétumo vienasluoks-
nés dangos skirtingoms medziagoms (niobio ir
aliuminio oksidai) [2]. Sioms dangoms atlikta
struktlriné ir optiné analizé bei optinio
atsparumo matavimai (1 pav.). Taip pat, taikant
garinimo kampu technologijg buvo suformuota
sudétingesné  daugiasluoksné  struktdra -
veidrodis, naudojant tik silicio oksido medziagg,
kuris pasizymi dideliu atspindziu (>99%) esant
355 nm bangos ilgiui ir pasizymi dideliu
atsparumu  nanosekundinio rezimo lazerio
spinduliuotei (60 J/cm?) (2 pav.).

IS literatlros yra Zzinoma, jog porétos dangos yra
linkusios absorbuoti aplinkoje esancias vandens
ar kitas kenksmingas daleles, todél bdatina
izoliuoti tokius elementus nuo aplinkos poveikio.
Siekiant iSvengti poréty sluoksniy degradacijos
lazerinio atsparumo atzvilgiu, dangos yra
patalpinamos | skirtingas aplinkas, norint
iSsiaisSkinti tinkamg bldg poréto elemento
stabiliam laikymui.
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1 pav. Porétumo priklausomybé nuo garinimo
kampo skirtingoms medziagoms.
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2 pav. Lazerio indukuotos pazaidos slenkscio
matavimy rezultatai skirtingose aplinkose.

IStyrus vienasluoksnes dangas bei silicio oksido
veidrodzius naudojant garinimo kampu
technologijg, matome, kad dangos pasizymi labai
geru lazerinés spinduliuotés atsparumu lyginant su
standartiniais Brego veidrodziais. Skirtingy aplinky
tyrimas Po bandiniy laikymo skirtingose aplinkose,
LIPS matavimai parodé¢, kad eksikatoriuje laikomos
porétos dangos optinis atsparumas ir spektrinés
savybés nekinta. Atlikta struktdriné ir optiné analizé,
kuri lyginama su jprastais dangy nusodinimo
metodais.

Tyrimai buvo finansuoti Lietuvos Mokslo Tarybos
(LMTLT), projektas UnCoatPower (No S-MIP-20-61).
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Metalo priedy gamybai pastaraisiais
deSimtmeciais buvo skyriamas didelys démesys,
todél sidlomos jvairios technologijos, skirtos
trimaciams objektams gaminti. Viena iS tokiy
technologijy, leidzianc¢iy gaminti didelio dydzio
objektus, yra metalo nusodinimas lazeriu (LMD)
[1]. Sios technologijos ribas lemia pozicionavimo
sistemos galimybés. Jau esamos LMD galvutés
turi palyginti prasta skiriamajg geba [2,3].

Sio darbo tikslas yra sukurti nauja LMD
technologijos purkstukg su centruotu daleliy
srautu. Sprendziamos kelios mokslinés uzduotis:
skyscio dinamikos, daleliy ir substrato kontakto
bei termodinaminés blsenos kontakto metu.

Siame darbe buvo suprojektuoti du purkstukai,
pagrjsti de Laval geometrija su Witoszynski ir
Bicubic  konvergencijos  zonos kreivémis.

Suprojektavus purkstukus buvo tiriamas daleliy
pluosto susidarymas naudojant skai¢iavimo
jfranga,

daugiafizine  programine pagrjsta

baigtiniy elementy metodu.

1 pav. Metalo daleliy srauto susidarymas su skirtingais
daleliy dydziais.

Bicubic ir Witoszynski purkstuky geometrijos
palyginimas parodé, kad dujy srautas su Bicubic
kreivés geometrija pasiekia didesnj maksimaly
greitj ties purkstuko iSéjimu ir turi maziau
matomy greic¢io svyravimy nei purkstukas su
Witoszynski kreivés geometrija. Be to, Bicubic
kreivés purkstukas turi didesnj slégio kritimg
kapiliaro gale. Dél Siy priezasciy purkstukas su
Bicubic kreive buvo tinkamiausias tolesniam
musy tyrimui.

Apskaiiuotas metalo daleliy srauto susidarymas
su skirtingais daleliy dydziais ir gauti rezultatai
atskleidé, kad mazos dalelés turi didziausiag greitj
ir maziausig bendrg jégg ties purkstuko iSéjimu.
Smulkios dalelés turi trumpesnj atsako laika, taigi
ir mazesne dispersijg (1 pav.).

Daleliy ir pavirSiaus salyc¢io skaiCiavimai atlikti
taikant Cowper-Symonds modelj. IS gauty
rezultaty akivaizdu, kad maksimalus restitucijos
koeficientas (COR) ir minimalus bedimensinis
jdubimas pasiekiami, kai daleliy dydis yra 30 }{{m.
Su mazesnémis dalelémis COR vertés vyra
mazesnés deél santykinai didelio greicio.
Didesnéms nei 30 um daleléms buddingas mazas
greicio pokytis, o didéjant daleliy masei stebimas
temperatidros kilimas.
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LAZERIU ASISTUOTAS SELEKTYVUS DIELEKTRIKY
PADENGIMAS METALU

Vitalij FiodoroVv!, Karolis Ratautas', Zenius Mockus?, Romualdas Trusovas', Gediminas Racdiukaitis'

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius,
Savanoriy pr. 231, LT-02300 Vilnius, el. p.: vitalij.fiodorov@ftmc.It
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Saulétekio al. 3, LT-10257 Vilnius

Selektyvus metalo nusodinimas ant
dielektriniy pavirsSiy yra plac¢iai naudojamas
elektronikos pramonéje elektrai laidziy takeliy
gamyboje. Miasy kuriamo metodo pagrindinis
privalumas yra galimybé gaminti elektrai
laidzius takelius ant trimaciy pavirsiy, kur
standartiniai metodai néra tinkami.
Technologija galéty bati taikoma integruotos
j plastika elektronikos (ang. Moulded
interconnect devices (MID)) gamyboje, kur
pagrindiné problema yra elektrai laidziy
takeliy gamyba ant trimaciy pavirsiy. Metodg
sudaro du zZingsniai: visy pirma, elektrinés
grandinés schema ant polimero pavirsiaus yra
uzraSoma lazerio spinduliu. Kai kuriy polimery
elektrinis laidumas gali padidéti, paveikus juos
lazerine spinduliuote. Tuomet, polimeriné
detalé yra panardinama | galvaninj tirpalg, kur
lazerio paveiktose pavirSiaus vietose, veikiant
elektros srovei, nuséda vario takeliai.

Eksperimente buvo naudojama poliimido (PI)
Kapton® plévelé. Bandiniai buvo apdirbti,
naudojant nanosekundiniy bei pikosekundiniy
impulsy lazerius, generuojancius 532 nm ir
1064 nm bangos ilgio spinduliuote.
Eksperimentas buvo atliktas, naudojant
vidutines lazerio galias nuo 0.25 W iki 85 W,

impulsy pasikartojimo daznius nuo 100 kHz iki
400 kHz bei eksperimente naudotas spindulio
skenavimo greitis buvo 100 mm/s. Po
lazerinio apdirbimo, pavirSiné varza buvo
matuojama keturiy zondy metodu. Geriausiu
atveju jg pavyko sumazinti iki maziau nei 10 Q
tinkamai  parenkant polimero apsvitos
parametrus. Rasti keli spinduliuotés poveikio
poliimidui rezimai: veikiant bandinio pavirsiy
energijos tankiais nuo 0.1 J/cm? iki 2.6 J/cm?,
pavirdiuje susidaro anglis. Siame rezime
pavirsiné varza stipriai  priklauso nuo
spinduliuotés energijos tankio. Paveikiant
bandinj energijos tankiais huo 0.006 J/cm? iki
0.036 J/cm? bandinio pavirsiuje susidaro
grafitiné struktlra. Pastebéta, jog poliimido
pavirsiaus struktdros pokyciams, stiprig jtaka
turi apsvitos trukmé bei lazerio impulsy kiekis
j ploto vieneta. Lazeriu apdirbty bandiniy
pavirSiy charakterizavimas buvo atliktas,
pasitelkiant Ramano spektroskopijos metoda.
Galiausiai bandiniai buvo padengti jvairiy
storiy vario sluoksniais galvaniniu badu,
parenkant tirpale tekancios srovés tankj ir
dengimo laika. Ploniausias sluoksnis, kuriuo
pavyko tolygiai padengti visg apdirbta
pavirsiy buvo 5 ym.

1 pav. Poliimido (PI) Kapton® plévelé po lazerinio apdirbimo (1 J/cm?2, 100 kHz, 1064 nm) (A)
ir po galvaninio dengimo variu (1 A/ dm?2, 45 min) (B).
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LAZERIU ASISTUOTAS PTFE PADENGIMAS METALU KATALITINIU BUDU
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Ina Stankevic¢iené? Eugenijus Norkus?, Gediminas Raciukaitis'

Fiziniy ir technologijos moksly centras, 'Lazeriniy technologijy skyrius, 2Katalizés skyrius.
Savanoriy pr. 231, LT-02300 Vilnius, el. p.: vytautas.vosylius@ftmc.It

Sparciai besivystanciai elektronikos pramonei
yra poreikis gaminti vis kompaktisSkesnius bei
funkcionalesnius produktus. Tam ieSkoma naujy
technologijy, metody bei medziagy. SSAIL
(Selective Surface Activation Induced by Laser)
technologija gali biti taikoma elektrai laidziy
takeliy gamybai [1]. Eksperimente naudojama
PTFE medziaga, Siai technologijai nauja. Todél
eksperimentuota su jvairiais lazerinio mikro-
apdirbimo bei cheminio proceso parametrais,
siekiant  pritaikyti technologija kokybisky
elektrai laidziy takeliy gamybai ant teflono.

SSAIL procesas vyksta keliais  etapais:
pirmiausiai medziagos pavirsius modifikuojamas
lazeriu; tuomet jis chemiskai aktyvuojamas; po
to bandinys nuplaunamas dejonizuotame
vandenyje; ir tuomet chemiskai dengiamas
metalu. Lazeriu modifikuotos vietos yra labai
gerai aktyvuojamos chemiskai, o ant
nemodifikuotas pavirSius po plovimo lieka tik
pavieniai aktyvacijos centrai, kurie tolimesnio
dengimo metu tarpusavyje nesusijungia. Po
kokybisko proceso gaunamas vientisas vario
sluoksnis lazeriu modifikuotose zonose, o
nemodifikuotose vietose matomos tik
uzuomazgos.

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.
Eksperimento supaprastinimui buvo pasirinkta
istirti  priklausomybe nuo lazerio impulso
energijos E, bei atstumo tarp gretimy poveikio
zony centry p. Pirminiai eksperimentai parodeé,
kad galima naudoti didziausia lazerio
pasikartojimo daznj f =400 kHz, nes nebuvo
stebéti neigiami efektai, tokie kaip pavirsiaus
lydimasis ar degimas ant lazeriu paveikty zony
krasty, kurie buvo stebéti apdirbant Kkitas
polimerines medziagas, tokias kaip PC-ABS [2].
Geriausi rezultatai gaunami po lazerinio proceso
bandinius papildomai ésdinant specialiai PTFE

skirtu ésdikliu. Kiti parametrai po pirminiy
eksperimenty buvo pasirinkti atitinkamai: lazerio
pasikartojimo daznis f =400 kHz; bangos ilgis
A =532 nm; impulso trukmé =10 ps; pluosto
diametras sagsmaukoje d = 30 pm.

Pagaminta parametry matrica fotografuota
optiniu mikroskopu su 5x didinimu (Paveikslas 1),
rausva spalva yra matomos po SSAIL proceso
variu pasidengusios zonos. Pageidaujama
vientiso vario sluoksnio danga be trikiy, tokia
kaip matoma Paveikslas 1c, d, e, f, i, j, bei o
dalyse.

IS gautos parametry matricos (Paveikslas 1)
nuspresta, kad optimalds lazerinio proceso
parametrai yra: p=17,5 um, E=57,5 puJ. Kadangi
bandymai atlikti su 400 kHz impulsy
pasikartojimo dazniu, skenavimo greitis
v = f*p = 7 m/s. Sis greitis yra zymiai didesnis nei
ant PC-ABS [2].

Lazerio impulso energija E (uJ)

5 10 15 20 25 30

Atstumas tarp gretimy lazerio impulsais poveikty zony centry p (um).

Paveikslas 1 Variu dengto PTFE pavirsius matricos
zonos su skirtingais lazerinio proceso parametrais.

Optimalls parametrai bus naudojami
tolimesniuose  tyrimuose, tiriant lazerinio
apdirbimo kampu | pavirsiy poveikj SSAIL
proceso kokybei, kad baty galima patikimai
taikyti procesg ant 3D pavirsiy.
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PILNOJO LAUKO OPTINE KOHERENTINE TOMOGRAFIJA SU
SKAITMENINE ABERACIJOS KOREKCIJA
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Danielis Rutkauskas, Egidijus Auksorius

Fiziniy ir technologijos moksly centras, Optoelektronikos skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: karolis.adomavicius@ftmc.lt

Optiné koherenciné tomografija (OKT) yra
interferometrinis vaizdavimo metodas, placiai
naudojamas Zmogaus akies tinklainés
vaizdinimui in vivo, kuris gali atvaizduoti
tinklainés audiniy giluminius sluoksnius. Dél
Sios savybés OKT daznai naudojama jvairiy
akies patologijy, tokiy kaip glaukoma ar
geltonosios démeés degeneracija,
diagnozavimui, tyrimui ir sekimui [1].
Klasikinése OKT sistemose signalas
registruojamas taskiniu detektoriumi, todél
tariniy (3D) duomeny gavimas yra palyginti
létas procesas, nes reikia skanuoti
galvanometriniais veidrodéliais abiem
kryptimis plokStumoje - x ir y. Pilnojo lauko
OKT sistemoje skenavimas xy plokstumoje
yra pakeiciamas kameros detekcija, nes
signalas yra uzregistruojamas lygiagrediai,
kur kiekvienas kameros pikselis atlieka
taskinio detektoriaus funkcija. Jeigu
naudojamas Furje duomeny registravimo
metodas, asSine informacijg galima gauti
beveik iS karto, be jokio skenavimo, kas
leidzia greiiau gauti visg 3D vaizda. Taciau
Sitoks metodas reikalauja greitos kameros ir
greitai derinamo bangos ilgio lazerio. Laikinis
duomeny registravimas (angl. time-domain)
yra létesnis negu Furje metodas, taciau turi ir
savo privalumus - jis leidzia pilnojo lauko
OKT sistemoje registruoti vaizdus su geresne
rezoliucija. [2]. Laikiné pilnojo lauko OKT taip
pat nereikalauja greitos ir brangios kameros
ir lazerio. Vienas iS esminiy Sio metodo
trikumas ir tai kad optinés aberacijos negali
bati koreguojamos skaitmeniskai. Toks
aberacijy kompensavimo bldas gali praversti
kai objektyvas naudojamas vaizdinimui néra
geros kokybés ir dél to iSkraipo vaizda. Toks
atvejis yra akies tinklainés vaizdinime kur
objektyvo vaidmenj atlieka pacios akies
optika. Taigi, tinklainés vaizdavimo metu
viena iS problemy yra akiy leSiuko arba
stiklaklnio iSkraipymai, kurie sukuria
trumparegyste ar toliaregyste. Tokiu atveju
Sviesa yra fokusuojama prie$ ar uz tinklainés.
Dél to atliekant OKT gaunami nefokusuoti
tinklainés vaizdai. Norint to iSvengti badty
reikalingos brangios ir sudétingos IeSiy
sistemos fokuso korekcijai. Paveikslélyje

parodyta pilnojo lauko OKT sistema kurioje
registruojami OKT  vaizdai gali bati
skatmeniskai koreguojami panaikinant
optines aberacijas.

LED
S
soweRl

N

sanple
Figure 1. Pilnojo lauko OKT Sistema.

Vaizdo registravimo sistemos esminiai
komponentai yra 660 nm LED 3saltinis,
,Linnik® interferometras ir CMOS kamera.
Faziy poslinkiui sukurti naudojamas piezo
elementu stumdomas atraminio veidrodélio
laikiklis, todél interferenciniai vaizdai, turintys

optinio  kelio skirtumg, suteikia fazés
informacija, reikalinga OKT vaizdams
apskaiciuoti. Po vaizdo registravimo

wZernike” polinomai naudojami defokusuotam
vaizdui atkurti. Tokia sistema leidzia vaizdams,
uzregistruotiems ne idealiomis salygomis,
bati atstatytiems atgal j fokusa.
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BEKVAPIO KALMANO FILTRO DIEGIMAS SKIRTO SINCHRONINIAM
VARIKLIUI SU NUOLATINIAIS MAGNETAIS GREICIO VALDYMUI
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Variklio valdymo sistemose, kurioms reikalingas
didelis efektyvumas yra bdtina informacija apie
rotoriaus greitj ir pozicija. Mechaniniy pozicijos
jutikliy, antai kaip holo jutikliy ar mechaniniy
jutikliy naudojimas varikliy pavarose padidina
valdymo sistemos kaing ir sumazina sistemos
patikimuma. Todél variklio valdymas be pozicijos
jutikliy baty praktiska variklio valdymo su
mechaniniais jutikliais alternatyva. Populiarus ir
placiai naudojamas be jutiklinis variklio valdymo
algoritmas yra iSpléstinis Kalmano filtras (angl.
Extended Kalman filter-EKF). EKF yra optimalus
algoritmas, kuris sumazina vidutine apskaiciuoty
dydziy kvadratine  paklaidg.  Alternatyvus
metodas iSpléstiniam Kalmano filtrui (EKF) yra
bekvapis Kalmano filtras (angl. Unsended Kalman
filter - UKF).

Sinchroninio variklio su nuolatiniais magnetais ir
sinuso formos magnetinio srauto matematinis
modelis yra:

di Rs . A .
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Pagrindinis nezinomasis yra 6, kuris yra
estimuojamas UKF filtru.

Eksperimentiné bandymy platforma parodyta 1
pav. Eksperimentinj stenda sudaro: 30 W PMSM
variklis, kuris yra valdomas NXP keitiklio FRDM-
MC-LVPMSM; kitas variklis naudojamas kaip
apkrova; ,NXP” ploksté ,Xpresso-LPC1549%;
Nuolatinés srovés jtampos maitinimo Saltinis
24V; 360P fotoelektrinis rotacinis kodavimo
jrenginys; asmeninis kompiuteris (PC).

RS- ‘I,/i-\ll’MSM
DC supply | Inverter — ]
Banniie

LPC1549 Board

[

PC

1 pav. Eksperimentiné stendo schema.

UKF filtro algoritmo tikslumas palygintas su
iSmatuota rotoriaus kampo pozicija ir yra
pateiktas 2 pav. IS kurio galima daryti iSvadg, kad
apskaiCiuota rotoriaus kampo pozicijg yra
pakankamai tiksli ir tiriamais metodas puikiai
tinka sinchroninio variklio valdymui.
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2 pav. Matavimy rezultatai: a) pamatuoto rotoriaus
kampo pozicija 6, ir paskaciuoto kampo pozicija 8,
b) paklaida.
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GOLD-COATED BLACK SILICON-BASED SERS-SUBSTRATE AS A
ROBUST AND VERSATILE BIO- SENSING PLATFORM

Lena Golubewa, Renata Karpicz

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

Surface enhanced Raman spectroscopy (SERS)
is a sensitive analytical technique for trace analyte
detection, identification, and characterization. It
exhibits strong potential for such fields as
environmental monitoring, drug analysis, bio-
medical laboratory analysis. The requirements for
SERS- substrates for these applications systems
include: (i) detection sensitivity and rapidity, (ii)
targets separation, classification, and
quantification, (iii)) concentration of the analytes
from the matrix and the assembly structures, (iv)
possibility to be installed in the portable
instruments and miniaturized devices.

In the present study we perform the production
and surface characterization, plasmonic properties
simulation by Finite Element Method (FEM),
substrate uniformity, stability, rigidity and high
potential of reusability of various black silicon-
based substrates for SERS as well as demonstrate
their application for the detection of the
chemotherapeutic drug doxorubucin and its
concentration evaluation, graphene quantum dots
(GQDs) structure analysis and their modification
under the action of various oxidants in biological
fluids.

Two types of black silicon (bSi) and bSi with
gold thin layer deposited on top was
characterized via scanning electron microscopy.
Both bSi exhibits sharp cone-like structures of 1.2
um height. Gold deposition led to the formation of
nanosized gold hemispheres. These structures are
‘hot spots’, the SERS enhancement factor
determined with 4-mercaptobenzoic acid (4-MBA)
molecule was shown to be approx. 108
Synthesized bSi/Au SERS substrate demonstrated
significant potential for detection of Ilow
concentrations of anticancer drug Doxorubicin
(DOX). In Fig. 1 SERS spectrum of 10 umol/L of
DOX in water solution in comparison with Raman
spectrum of DOX powder is presented. bSi/Au
sample was tested for GQDs quality control.
Investigation of GQD water suspension using
bSi/Au substrate made it possible to reveal the
presence of additional surfactant used by the
supplier to solubilize GQDs. Moreover,
application of bSi/Au SERS substrate allowed to
identify the presense of C-O-C in-plane groups
[l in GQD structure and to demonstrate the
meschanism of GQD structure modification by
hypochlorous acid via C-O-C ring opening and
C=0 formation, leading to great Iloss of
fluorescence properties of investigated GQDs.

BSi/Au substrate is characterized by the high
structure reproducibility (<10% signal variation
across the 100x100 um area, see Fig. 2 and Fig.2
inset), and performs significant storage stability.
Keeping the substrate for 90 days in the air
atmosphere leads to a less than 3.0% fluctuations
in the intensity of 1588 cm™ band of 4-MBA.
Although purification of bSi/Au by oxygen
plasma leads to oxidation of the gold layer, the
decrease in the EF after 10 re-using cycles does
not exceed one order of magnitude.

DOX (10 uM) on bSi/Au

DOX (powder)

Intensity (arb.un.)

400 600 800 1000 1200 1400 1600 1800 2000

Shift (1/cm)

Fig. 1. SERS spectrum of DOX on bSi/Au substrate and
Raman spectrum of DOX powder.
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Fig. 2. Averaged Raman spectrum of 4-MBA from
100x100 pm bSi/Au area.

To sum up, bSi/Au substrates exhibit no SERS-

signal fluctuation, are stable, long-stored, and re-

usable. Highly uniform ‘hot-spots’ distribution

makes them suitable for quantitative analysis

various applications.
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GENERATION OF REACTIVE CHLORINE SPECIES ON HIGHLY
POROUS THICK WO3 PHOTOANODE

Maliha Parvin, Milda Petruleviciené, Irena Savickaja, Jurga Juodkazyté

Center for Physical Sciences and Technology, Department of Chemical Engineering and Technology
Saulétekio av. 3, LT-10257 Vilnius, email: maliha.parvin@ftmc.It

Photoelectrochemical (PEC) generation of reactive
chlorine species (RCS) has been attracting increasing
attention recently because it can be coupled with H.
production in light-assisted splitting of aqueous
chloride solutions. Tungsten (VI) oxide has been
intensively studied as photoanode material due to its
highly tunable composition, chemical stability,
relatively narrow band gap of 2.6-2.7 eV, which allows
absorbing of ~ 12% of solar light, and good charge
carrier transport properties (hole diffusion length is
~150 nm)., Photoelectrochemical (PEC) generation of
reactive chlorine species (RCS) In this study, porous
WO:s films were formed on fluorine-doped tin oxide
(FTO) substrates by low temperature chemical bath
deposition (CBD) and tested for PEC chloride oxidation
[1-3].

WOs photoanode was prepared using facile chemical
bath deposition method in HCl acid medium. Cleaned
FTO substrates were immersed into the solution and
the deposition was allowed to poroceed for two hours.
The films were annealed at 400 C. The same procedure
was repeated four times to obtain layers with
increasing thickness. The coatings were characterized
using X-ray diffraction (XRD), scanning electron
microscopy (SEM)(Fig.1). Photoelectrochemical
behavior was investigated by cyclic voltammetry (CV)
(Fig.2), electrochemical impedance spectroscopy (EIS)
and chronoamperometry (CA).

SEM analysis revealed that WOs coatings are composed
of clusters of randomly oriented nanosheets. With first
coating procedure, only about 420nm thickness of WOs3
nanostructured film was obtained (Fig. 1.a). After four
chemical bath deposition cycles, several micrometres
thick porous WOs layers were formed (Fig.1.b-d). Cyclic
voltammograms (CV) of different layers of WOs
photoanodes were measured in 0.5M H2SOsand 0.5 M
NaCl under light to evaluate the PEC performance of
the film and production of RCS respectively.
Photocurrent density of CBD-deposited WOs films was
found to be increasing with the increasing layer
thickness. Speciation of photoelectrochemically formed
RCS in the solution was analyzed by iodometric
titration. Almost 100% efficiency of PEC formation of
RCS has been observed.

Fig. 1. Top-view (a — d) and crossectional (e-h) SEM images of
a), e) one-layer, b), f) two-layered, c), g) three-layered, d), h)
four-layered

a) 2% hoTayer
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Fig. 2. Cyclic voltammograms of one, two, three and four-
layered WOs coatings in a) 0.5 M H,SO4and b) 0.5 M NacCl,
potential scan rate 50 mV s, illumination intensity ~ 100 mW
cm=2,
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The principal of production of the molecularly
imprinted polymers (MIP) is based on the
artificial modelling of the specific sites for
analyte binding on the MIP. The interest in the
development of MIPs has grown during recent
years [1].

MIPs are used in analytical systems dedicated
for the determination of low and high
molecular weight analytes [2, 3]. The main
interaction types of monomer with the
template molecule can be distinguished as:
chelation, electrostatic, hydrophobic
interactions, and the formation of hydrogen
bonds [4].

Various polymers and polymerization
methods are used for the formation of MIPs.
Polypyrrole (Ppy) among many other
conducting polymers like polyaniline (PAND,
polythiophene, poly(ethylenedioxythiop-
hene) (PEDOT), etc., is the most frequently
used for the formation of MIP-based sensing
structures due to possible electrodeposition
from agueous solutions [4]. The advantage of
conducting polymers is that conducted
polymers-based layers can be deposited
using well controllable various
electrochemical deposition methods.
However, mostly potential cycling (cyclic
voltammetry) or potential pulses [3, 5] are
applied.

As an example of the MIP application the
development of a uric acid sensor based on
the Polypyrrole could be mentioned [6]. Uric
acid is a small molecule with a molecular
weight of 168 g/mol.

Also, the MIP-based sensor for the
determination of SARS-CoV-2-S glycoprotein
was designed. Platinum electrode was served
as a working electrode for the deposition of
Ppy layer imprinted with a protein. For this
purpose, the SARS-CoV-2-S glycoprotein and
pyrrole were dissolved in phosphate buffered
saline (PBS) solution, pH 7.4. The polymeric
layers were formed by a

sequence of 20 potential pulses of +950 mV
for 1s, between these pulses O V potential for
10 s was applied.

To conclude, the molecular imprinting of the
conducting polymers is an attractive method
for the development of the electrochemical
sensors for the detection of molecules of
various sizes.
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LAIDAUS VITAMINO B9 POLIMERO TAIKYMAS NUSTATYTI pH
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Dauguma cheminiy procesy, jskaitant ir maisto
pramonéje, priklauso nuo pH, todél jo matavimas
yra labai svarbus. Taciau, sistemose, kur
jprastiniai stiklo elektrodai negali blti naudojami
pH matavimui, reikalingi kiti sprendimai. Vienas is
patobulinimy vandenilio jony nustatymui yra

elektrodai modifikuoti pH jautriais laidziais
polimerais [1].
Laidas polimerai priklauso polieny ar

poliaromatiniy tokiy kaip poliacetileno,
polianilino, polipirolo, politiofeno klaséms. Kai
kurie turi unikalius laidumo mechanizmus ar jais
modifikuoti elektrodai yra stabilds ore [2]. Sie
polimerai daznai naudojami analizinése
sistemose kuriant cheminius jutiklius. Laidaus
polimero pagrindu pagaminti jutikliai pranasesni
uz kitus jutiklius tuo, kad Sie polimerai gali
sustiprinti atsaka ir daznaisumazina triukSmo lygj
[3]. Anksciau inertiniai polimerai buvo naudojami
tik mechaniskai sustiprinti membranas, bet dél
elektrinio laidumo ir krQvio transportavimo
savybiy, laidis polimerai papildomai pagerina
jutikliy jautrj.

Naudojantis elektrochemine sinteze, laidds
polimerai kaip plévelé gali bati tiesiogiai
nusodinami ant elektrodo pavirSiaus po to gali
bati imobilizuojamos biomolekulés. Tai leidzia
kontroliuoti imobilizuoty biomolekuliy erdvinj
iSsidéstymag, plévelés storj ir stebéti jy aktyvumag
[3]. Laidls polimerai daznu atveju pagreitina
elektrony pernasa taip pat jy nusodinimo vietos
ant elektrodo gali bati kontroliuojamos. Sios
unikalios laidziy polimery savybés
panaudojamos biojutikliy kdrime [3].

Sio darbo tikslas sukurti jutiklj pH stebeéjimui, kurj
blty galima naudoti maisto pramonéje plovimy
sistemose. Pirmiausiai atlikti tyrimai ant
pirolitinio grafito elektrodo (PGE)
elektrochemiskai polimerizuojant folio ragsties
(FA), riboflavino (RF), lizino (Lys) ir chitozano
(Ch) polimerus bei jy kopolimerus. Gauty jutikliy
stabilumas tirtas 7 ir 8 pH buferiniuose tirpaluose,
naudojant cikline voltamperometrijg (CV),
chronoamperometrija, potenciometrija.

PGE arba stikliSkosios anglies elektrodas (GCE)
padengiamas laSinant 1% chitozano istirpinto 1%
acto ragstyje [4] tirpalu ir paliekamas ore

iSdziGti 1 diena. Paruostas Ch/PGE arba Ch/GCE
panardinamas |1 mM FA 0,1 M 6 pH PBS tirpala.
Naudojant CV elektropolimerizacijag Ch/PGE
arbaC h/GCE padengtas PFA, gautas jutiklis ore
dziovinamas 1 dieng [5].

Tokiu badu PGE buvo padengtas RF, RF/Lys, FA,
FA/Lys, FA/Ch polimerais. 1§ gauty jutikliy,
RF/Lys ir FA/Lys polimerizacijos metu nesudaré
pH jautrios plévelés. RF ir FA polimerais
padengtas PGE (PRF/PGE ir PFA/PGE) sudaré
pH jautrius sluoksnius, taciau jie buvo nestabills
ir jutikliy kdrimui netinkami. Pastebéta, kad
padengus PGE Ch, o ant gauto Ch/PGE
polimerizuojant FA gautas PFA/Ch/PGE (1 pav.)
yra jautrus pH ir iSlaiko stabilumg apie 30 dieny.
Tolimesni tyrimai atliekami su PFA/Ch/PGE ir
PFA/Ch/GCE.

i

1 mM FA
tirpalas 0,1 M Ch/PGE
PBS pH 6

buferyje Ag/AgC]
Elektrocheminé celé
WE = Darbinis elektrodas (PGE arba GCE)

Ch) = Chitozanas

Fotencmstatas

Pollmerlzacua

PFA = Poli(folio rigsis)

1 pav. PFA/Ch/PGE arba PFA/Ch/GCE paruo$imas.

Padéka. Straipsnyje gauti rezultatai vykdant LMT
projekta Nr. 01.2.2-LMT-K-718-03-0038.
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SKRUZDZIU RUGSTIES OKSIDACIJOS TYRIMAS ANT Pt-Ni/Ni
KIETUJU PUTU KATALIZATORIUY
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V. Jasulaitieng, L. Tamasauskaitée-Tamasidnaite,

E. Norkus
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Klimato kaitos isStUkiai skatina ne tik véjo, saulés
energetikos technologijy tobulinima, taciau ir
kity alternatyviy energijos gavimo Saltiniy. Kuro
elementai yra alternatyvus energijos Saltinis, kuris
chemine energijg vercia | elektros energija. Kuro
elementy veikimas yra grjstas kuro oksidacija ant
anodo ir deguonies redukcija ant katodo. Todél,
zinoma, kad yra skiriamas didelis démesys
vystomy kuro elementy anodo ir katodo
medziagy karimui ir tobulinimui. Sios medziagos
turi pasizyméti kataliziniu aktyvumu naudojamo
kuro: vandenilio, metanolio, etanolio, hidrazino,
natrio borohidrido ir kt. oksidacijos ir deguonies
redukcijos reakcijoms. Tik tobulinant ir kuriant
naujas medziagas galima tikétis proverzio
esamy ir naujy kuro elementy nasume ir taikyme
praktikoje. Siame tyrime buvo atliekamas Pt-
Ni/Ni kietyjy puty katalizatoriy formavimas,
naudojant cheminj ir elektrocheminj medziagy
nusodinima ant Ni kietyjy puty pagrindo.
Pirmiausia Ni kietosios putos buvo padengiamos
papildomu Ni sluoksniu, panaudojant cheminj
nikeliavima, po kurio sekdavo Pt sluoksnio
nusodinimas elektrocheminiu bidu. Pt, nusodintos
ant Ni/Ni kietyjy puty, elektrochemiskai aktyvus
pavirSiaus plotas buvo nustatomas iS cikliniy
voltampero-gramy, uzrasyty 0,5 M H,SOq4 tirpale
(1 pav), pagal vandenilio monosluoksnio
adsorbcija ant elektrodo. Vandenilio
monosluoksnio susiformavi-mo (Hag) ant Pt
elektrodo kravis yra 220 uC cm?2 [1]. Nustatyta,
kad Pt-Ni/Ni kietyjy puty katalizatorius pasizymi
dideliu pavirdiaus plotu, kuris siekia 71 cm?Z.

0.3

—— PtNi/Ni 71 em?
— Pt15cm® 02
20
F o1

F oo

[fmA
IFmA

F-01

F-02

0.3
-02 00 02 04 06 08 10 12 14

E /V (AgiAGCI)
1 pav. Pt (raudona) ir Pt-Ni/Ni (juoda) kietyjy puty CV
uzrasytos 0,5 M H2SO4 tirpale, kai skleidziamo
elektrodo potencialo greitis 50 mV s-.

Suformuoty Pt-Ni/Ni kietyjy puty katalizatoriy
katalizinis aktyvumas buvo tyrinéjamas
skruzdziy ragsties oksidacijai Sarminéje terpéje,
taikant cikline voltamperometrijg (2 pav).

Smaile

M NaOH
3

1
0,3M HCOOH + 1 M NaCH

100

Smaile

50 4

I/ mA

1.0 —OIS —OIG —6,4 —012 O‘O Of2 O,‘el O,‘G
E/V (Ag/AgCl)
2 pav. Pt-Ni/Ni kietyjy puty CV uzrasytos 1 M NaOH
(raudona) ir 0,3 M HCOOH + 1 M NaOH (mélyna)
tirpaluose, kai skleidziamo elektrodo potencialo
greitis 50 mV s

Nusodintos Pt ir Ni dalelés ant Ni kietyjy puty
pasizymi tarpusavio sinergija ir rodo didelj
katalizinj aktyvuma skruzdziy ragsties
oksidacijai, nei grynos platinos ar Ni/Ni kietyjy
putos katalizatoriai (3 pav).
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3 pav. Pt (raudona), Ni/Ni kietyjy puty (zalia) ir Pt-
Ni/Ni kietyjy puty (mélyna) CV uzrasytos 0,5 M
HCOOH + 1M NaOH tirpale, kai skleidziamo elektrodo
potencialo greitis 50 mV s
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PLAZMINIO MODIFIKAVIMO |TAKA VILNA DAZANT
PEDOT:PSS POLIMERU
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laidzig  tekstile svarbu
savybiy - dévéjimo

elektrai

Kuriant
nepabloginti jprastiniy
komforto, laidumo orui, lankstumo, minkstumo,

atsparumo daugkartiniam skalbimui ir
mechaniniam poveikiui. Elektrinis laidumas
tekstilés medziagoms gali bdti suteikiamas
taikant gamtinius ir cheminius pluosStus su
jvairios prigimties laidziais priedais (metalais,
anglimi, kt.). Prigimtiniai elektrai laidUs
polimerai (PANI, PPy, PEDOT:PSS) naudojami
formuojant laidzias dangas ar elektrai laidzius
kontdrus, jvedami j tekstile tradiciniai metodais
ir tvirtinami risikliu ar tiesiogiai reaguoja su
pluosto funkcinémis grupémis. Suformuota
laidziy polimero danga neuztikrina pakankamai
tvirto sukibimo tarp tekstilés ir laidaus
polimerinio sluoksnio. Dél prastos adhezijos
tarp tekstilés medziagos ir polimero, danga
dévéjimo metu arba po skalbimo atsiskiria
(delaminuojasi). Vienas iS metody adhezijai
pagerinti yra medziagos pavirsiaus valymas
nepolimeriniy dujy zemo slégio plazma.
Plazminio apdorojimo metu vyksta tekstilés
medziagos pavirSiaus funkciniy grupiy ir
struktlros pakeitimas (modifikacija), todél
pageréja pluosto hidrofilinés savybés bei
sukibimas su formuojamos dangos polimeru.

Tyrimams buvo naudotas 100% vilnos audinys,
kurio pavirsius buvo modifikuotas N, dujy zemo
slégio plazmos jrenginyje Junior Plasma
System 004/723. SEM vaizdy analizé parodé
pluosto pavirSiuje atsiradusius pasikeitimus -
jtradkimus, griovelius, jdubas (1pav.).

1 pav. Vilnos pluosto SEM vaizdai: pries (a) ir po (b)
apdorojimo azoto dujy plazma. Didinimas 2000 x.

Galima teigti, kad tai |émé vilnos pluosto
hidrofobiniy savybiy pasikeitima j hidrofilines.
Vandeniniy tirpaly atstidmimo tyrimas taip pat
parodé, kad po plazminio apdorojimo
medziagos vilgumas zymiai pageréjo. Taip pat
buvo atlikti plazma modifikuoto vilnos audinio
laidumo suteikimo tyrimai, dazant PEDOT:PSS
polimero komerciniu produktu Clevios FET
(Hereaus) 902 C 30 min. PEDOT:PSS gali bati
priskiriamas prie ,laidziy ragstiniy dazikliy“ [1].
Vilnos pluosto katijonaktyvios amino (NH*z)
grupés reaguoja su laidaus PEDOT:PSS
polimero PSS jonomero anijonaktyviomis sulfo
(-SO3z?) grupémis joniniu rySiu. PEDOT:PSS
dazytas vilnos audinys nusidazé skirtingo
intensyvumo meélyna spalva, kurios pokytis AE
buvo jvertintas spektrofotometru (pav. 2).

2 pav. Nedazytas (pradinis) (a), nemodifikuotas (b) ir
plazma modifikuotas (c) bei Clevios FET dazyti
bandiniai.

Taip pat buvo atlikti vilnos dazymo PEDOT:PSS
skirtingo pH tirpaluose (pH2, pH3 ir pH4)
tyrimai, jvertinti audinio spalvos pasikeitimas ir
elektrostatinés savybés.
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DEVELOPMENT OF NEW COMPUTATIONAL METHODS TO DETERMINE
SUBLIMATION ENTHALPIES USING CRYSTALLOGRAPHIC DATA OF
SMALL ORGANIC MOLECULES
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Goals:

1. Assemble a database which includes
crystalographic structures of organic compounds
and corresponding sublimation enthalpies using
Crystalography Open Database (COD) and
compendium of phase transition measurements
of organic compounds [1, 2].

2. Create an algorythm for
computation-ready crystal structures.
3. Develop and optimize two new computational
methods: a) Inhouse atom and atom-pair based
empirical method (AAPE). b) Fusion of semi-
empirical FMO-DFTB [3] and fragmentation
based 2D-QSPR.

4. Check the predictive power of both methods
and plan later improvements.

Methods:

For this study a database of 1048 compounds
with their crystalograhic structures and corres-
ponding enthalpies of sublimation was created.
Of which around 700 structures are chemically
correct and can be used for development of new
computational methods.

AAPE method is from the ground built method in
Department of Biothermodynamics and Drug
Design. It consists of empirical parameters for
atom types, atom-pairs and highly paralizibale
computational algorithms designed to predict
ligand-receptor interaction energies.
FMO-DFTB+2D-QSPR is inhouse novel computa-
tional method which utillizes semi-empirical
FMO-DFTB and fragmentation based 2D-QSPR.

Results and conclusions:

To determine theoretical enthalpies of sublimation
with AAPE method the total of 1048 structures
were analysed. Since this approach is still in its
early optimization stages, the corelation with
experimental data yielded less than satisfactory
coefficient of determination when forcing
intercept to zero (R?= 0.83 (Fig.1, left)). Also, this
method is not sensitive to chemical incorrections.
Since FMO-DFTB only accepts chemically correct
structures the total of 500 crystal structures were
analysed. Of which 70% was directed to train 2D-
QSPR. After training, the coefficient of
determination was achieved R? = 0.99 for the test
set (Fig. 1, right).

generating

Further analysis of crystal structures are still
needed in order to collect only chemically correct
crystal models.

700 300
i L]
ik e 250
. - "
500 - f(x)=144x -
) .
g RE=0.83 ;o200 P
2 400 " e // Ll
] U R . g
E 150 o .
g e
=2 .J
2 N fix)=110x
8 100 w? R = 0.99
I
50 ool
- P
o

0 50 100 150 200 250 300

Experimental, kJ/maol

Fig.1. Correlation of experimental sublimation
enthalpies and AAPE determined enthalpies (on the
left); Correlation of experimental sublimation
enthalpies and FMO-DFTB + 2D-QSPR determined
enthalpies (on the right).

Optimization procedures is now at the center
point of attention to improve AAPE method.
FMO-DFTB + 2D-QSPR is performing more than
satisfactory. However, some further analysis still
can be done to minimize systematic error. Both
methods could greatly benefit from additional
data of crystallographic pressure. Since only a
small part of assembly has it, some additional
modeling of crystal pressure determination is
being planned.
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Agné Zdaniauskiené', Martynas Talaikis? Tatjana Charkova',
Rita Sadzeviciené', Linas Labanauskas', Gediminas Niaura'

Fiziniy ir technologijos moksly centras, Organinés chemijos skyrius,
Saulétekio al. 3, LT-10257 Vilnius, el. p.: agne.zdaniauskiene@ftmc.It

2Gyvybés moksly centras, Biochemijos institutas, Bioelektrochemijos ir biospektroskopijos skyrius,
Saulétekio al. 7, LT-10257 Vilnius

Histidinas - viena iS dvideSimties labiausiai
paplitusiy animinorigsdiy, dalyvaujanciy
daugelyje skirtingy molekuliniy saveikuy.
Histidino funkciné grupé - imidazolo Zziedas
koordinuoja metaly jonus taip formuojant
biomolekuliy aktyvius centrus. Taip pat
imidazolo ziedo pKa yra arti fiziologinio pH,
todél Ziedas gali bati protonuotos ar
neutralios formos, kas reiskia, kad histidinas
yra itin reikSmingas ligandas baltymy ir
peptidy struktaroje [1].

Savitvarkiai monosluoksniai (ang. SAM),
suformuoti ant metaly pavirsiy is tioliy, placiai
naudojami spresti biokatalizés, biojutikliy
vystymo problemas tiriant funkciniy grupiy
sgveikas su adsorbatais ar elektrony pernasa
[2]. Monosluoksniai ant metaly suteikia
galimybe kurti stabilias molekulines sistemas,
tinkamas molekuliy  struktlros pokyciy
stebéjimui veikiant iSoriniam elektriniam laukui.

Vis délto, norint suprasti procesus,
vykstancius elektrocheminéje faziy riboje
molekuliniame lygmenyije, reikalingas

neardantis, sistemos neperturbuojantis, bet
labai jautrus spektroskopinis tyrimo metodas.
Vienas tokiy metody - nanodaleliy, padengty
apsauginiu  sluoksniu, sustiprinta Ramano
spektroskopija (ang. SHINERS). Siuo atveju
nanodalelés branduolys iS Au, Ag ar Cu atlieka
Ramano spektry stiprintuvo vaidmenj, o SiO»,
sluoksnis apsaugo nanodaleles nuo tarpusavio
sgveikos ir tiesioginés saveikos su tiriamuoju
pavirSiumi [3]. Eksperimento metu tirtas naujas
SAM, suformuotas iS§ N-(2-(1H-imidazol-4-
yDethyD-6-mercaptohexanamido (IMHA), ant
lygaus Au pavirSiaus in-situ vandeninéje terpéje
keiCiant  elektrodo potenciala  SHINERS
metodu. IMHA angliavandenilinéje grandinéje
yra jterpta amido grupé, kuri zymiai padidina
monosluoksnio stabiluma dél vandeniliniy rysiy
susidarymo tarp gretimy grandiniy [4].
Tyrimui susintetintos sferinés formos, 855 nm
dydzio sidabro nanodalelés su iSoriniu silicio
dioksido sluoksniu (-~ 3 nm) [5].

Sio darbo metu pirma karta uzregistruoti IMHA
SHINERS spektrai esant skirtingoms elektrodo
potencialo vertéms (1 pav.). Remiantis gautais
duomenimis nustatyti potencialo salygoti
konformaciniai IMHA monosluoksnio struktdros
pokyciai.

257
221

Ramano intensyvumas
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Bangos skaiius, cm”’

1 pav. IMHA monosluoksnio, adsorbuoto ant lygaus Au
elektrodo SHINERS spektrai, esant skirtingiems elektrodo
potencialams. Spektrai registruoti tirpale:

0.01 M fosfatinis buferis (pH 7) + 0.01 M Na,SO..

Pastebéta, kad trans konformerg atspindincios
v(C-S)T juostos (697 cm-1, O V) integrinis
intensyvumas sumazéja 2.3 karto, kai elektrodo
potencialas tampa -0.8 V. PrieSinga tendencija
matoma su v(C-S)G (630 cm-1, O V) juosta. Taigi
elektrodo potencialui tampant vis labiau
neigiamam angliavandenilinés grandinés
konformacija iS vyraujancios trans pasikeiCia |
gos.
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KIETOS FAZES FORMAVIMAS BETAINO IR KSILITOLIO NATURALIUOSE
EUTEKTINIUOSE TIRPIKLIUOSE

Audré Kalinauskaité, Dalia Brazinskiené, Svajus Asadauskas

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

Eutektiniai tirpikliai (angl. Deep Eutectic Solvents)
yra organiniy junginiy misiniai, kuriy lydymosi
temperatira yra zemesné nei juos sudaranciy
atskiry komponenty. ISlydzius Sie miSiniai iSlieka
skystos blsenos kambario temperatiroje. Vykstant
sgveikai tarp vandenilinio rySio akceptoriaus ir
donoro keiciasi kravio vieta molekulése, o tai lemia
zemesne lydymosi temperatlra [1]. Natdralieji
eutektiniai tirpikliai (angl. Natural Deep Eutectic
Solvents, NADES) sudaryti i$ natdraliy cheminiy
junginiy - organiniy rdgsciy, aminortgscéiy, cukruy,
polioliniy cukry ir kt. Sie junginiai kainuoja maziau
nei joniniy skysciy (angl. /onic liquids) sudedamosios
dalys, yra biologiskai skaidls ir netoksiski, patvarus,
0 jy paruosSimo metodai gana paprasti [2]. NADES
pasizymi geromis fizinémis - cheminémis savybémis
kaip tirpikliai: iSlieka skysti Zemesnéje nei 0°C
temperatlroje, nezymus garavimas, koreguojamas
klampumas, platus poliSkumo diapazonas bei geras
kai kuriy cheminiy junginiy tirpinimas [3, 4]. Dél Siy
savybiy NADES gali bati taikomi maisto, farmacijos,
kosmetikos, agrochemijos pramonése [3]. Sis darbas
nagrinéja ksilitolio ir betaino kiekiy santykio misinyje
jtakg kietos fazés susidarymui eutektiniuose
tirpikliuose. Ksilitolis kambario temperatlroje yra
kieta kristaliné medziaga, taciau gali bati kaitinama ir
véliau persaldoma, kad susidaryty labai klampus
skystis, kurj laikg isliekantis skystos blsenos esant ir
labai Zemai temperatirai (-20°C ir Zemiau). Betainas
- ketvirtinio amonio cviterionas, biologiskai skaidus,
netoksiSkas ir gali bati iSgaunamas iS natdraliy
Saltiniy, pvz. cukriniy runkeliy (lot. Beta vulgaris
subsp. Vulgaris) [5]. |vairiy santykiy misiniai buvo
kaitinami iki visisko iSsilydimo arba iki max. 160°C.
Taciau misiniai, kuriuose betaino buvo 50% arba
daugiau, pilnai neissilydé. Tuo tarpu visiskai iSsilyde
meéginiai buvo perkelti | kambario temperatlra 1 val.
Kadangi misiniy kristalizavimasis vyko létai, pilnai
iSsilyde ir skaidris bandiniai buvo Saldomi Saldiklyje
-20°C temperatlroje 4 val. Drumstimosi ar
kristalizavimosi per §j laikotarpj nebuvo matyti, todél
galimai jvyko misiniy persaldymas (angl.
supercooling/undercooling). Po Saldymo méginiai
buvo perkelti j kamb. temp. ir periodiskai stebimi dél
kietos fazés susidarymo. Po truputj kietos fazés
dariniai pradéjo formuotis visy misiniy pavirSiuose.
Pabréztina, jog nebuvo vertinama, kiek drégno
oro galéjo paklitti j indus su NADES. Apytikslis
kietos fazés tlris (pradedant nuo 5% viso misinio
tdrio) buvo nustatomas vizualiai registruojant, per
kokig laiko trukme jis susidaré (1 pav.). Dél
terminés dekompozicijos ir persaldymo efektuy,

lydymosi temperatira nebuvo matuojama, o buvo
koncentruojamasi j kristalizavimosi tendencijas.
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NADES misSiniuose su aplinkos drégmés poveikiu.
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Skirtingi betaino ir ksilitolio kiekiy santykiai
NADES daré zymia jtaka Ilydymosi greiciui
kaitinimo metu ir kristalizacijos greiCiui po
persaldymo. Kadangi misiniai su 50% ir daugiau
betaino visiSkai neissilydé iki 160°C, Sie misSiniai
toliau nebuvo stebimi. Dél persaldymo efekto,
grynas ksilitolis isliko visiSkai skystas tik kelias val.,
po to pradéjo formuotis kietos dalelés misinyje ir
galiausiai visiSkai susikristalizavo per 72 valandas.
Bandiniai su 10-50% betaino isliko skystos
bldsenos ilgiau. Pavyzdziui, esant 40:60 (w/w)
betaino ir ksilitolio santykiui, misinys isliko skystos
blsenos zymiai ilgiau nei miSiniai su mazesniu
betaino kiekiu. TacCiau po ilgesnio laikotarpio
Siame meéginyje taip pat buvo aptikta kietos fazés
dariniy - apie 5% susidaré per 744 valandas.
Nepaisant to, jog zymig jtakg kietos fazés
susidarymo tendencijoms galéjo padaryti j miSiniy
indelius patekusi drégmé perSaldymo metu, gauti
rezultatai rodo, jog batina atidziai kontroliuoti abiejy
komponenty kiekius ir grynuma, siekiant kuo ilgiau
iSvengti nuosédy formavimosi ir nestabilumo.
Betaino ir ksilitolio miSiniai yra daznai naudojami
kaip natdralis eutektiniai tirpikliai, todél jy
stabilumas ir ruosimo metodai gali bGti svarbas
daugeliui inovatyviy technologijy.
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CISTEINU HIBRIDIZUOTY MOLIBDENO DISULFIDO DANGUY SINTEZE IR
ELEKTROKATALIZINIO AKTYVUMO TYRIMAS

Paulius Gaigalas, ArGnas Jagminas, Vaclovas Klimas

Fiziniy ir technologijos moksly centras, Elektrocheminés medziagotyros skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: paulius.gaigalas@ftmc.It

Atsinaujinantys energijos Saltiniai pastaruoju
metu yra placiai nagrinégjama tema mokslo
visuomenéje, o vis didéjanti energijos paklausa
skatina ieSkoti efektyviy bddy energijg iSgauti
nenaudojant aplinka tersSiancio iSkastinio kuro.
Vandenilio dujos (H2) yra laikomos vienu
ekologiskiausiu energijos Saltiniu, o Sias dujas
galima gauti panaudojus tauriuosius metalus
kaip elektrokatalizatorius vandens skaldymo
reakcijoje 1. Taciau batina atrasti
elektrokatalizatorius be tauriyjy metaly,
kadangi pastaryjy kaina apsunkina vandens
skaldymo reakcijos metoda taikyti pramoniniu
mastu, o viena i$ galimy alternatyvy tauriyjy

metaly elektrokatalizatoriams laikomas
molibdeno disulfidas [2].
Siame darbe, nanolapelinés struktdros

molibdeno disulfido dangos (1 pav.) buvo
susintetintos ant anoduoto titano padékly
hidroterminés sintezés budu, kuomet sintezés
tirpalas (amonio heptamolibdatas, tiouréja ir L-
cisteinas) supilamas | teflonine cele, kuri
patalpinama j nertdijanc¢io plieno autoklava ir
kaitinama nuo 5 iki 10 valandy ties 220 °C
temperatdra.

1 pav. Hidroterminés sintezés bldu suformuotos
MoS2 dangos ant anoduoto Ti padéklo (intarpas)
SEM nuotrauka.

Suformuoty elektrody elektrokatalizinés savybés
tirinétos naudojant ciklinés voltamperometrijos
metoda. Tyrimai atlikti naudojant trijy elektrody
elektrochemine cele. Gautos ciklinés
voltamperogramos (2 pav.) parodo, jog
sintetinant MoS, su cisteinu, suformuoti

elektrodai pasizymi geresnémis elektrokata-
lizinémis savybémis, lyginant su MoS,; be
cisteino. MoSy/cisteino elektrodai pasizymi
didesniu srovés tankiu ties -0,35V potencialu
bei itin pageréjusiu stabilumu, kadangi srovés
tankio vertés po 2000 cikly sumazéja tik apie 8%,
tuo tarpu elektrodo be cisteino srovés tankis
sumazéja apie 70% praskleidus tik 250 cikly.

(a) 0

03 02 01 00
E.V (vs. SHE)

03 02 01 00

EV

2 pav. MoS> dangos be cisteino (a) ir su cisteinu (b)
ciklinés voltamperogramos.
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ANALICIU FOKUSAVIMO IR KONCENTRAVIMO ANT DUJY
CHROMATOGRAFINES KOLONELES GALIMYBIY TYRIMAI

Audrius Sadaunykas, Audrius Zolumskis, Evaldas Naujalis

Fiziniy ir technologijos moksly centras, Metrologijos skyrius
Lukiskiy g. 9, LT-01108 Vilnius, el. p.: audrius.sadaunykas@ftmc.It

Darbo tikslas buvo suprojektuoti,
sukonstruoti ir iSbandyti méginiy fokusavimo
ir koncentravimo prietaiso prototipg skirta

dujy chromatografijai (GO). Dujy
chromatografija yra vienas populiariausiy
analizés metody pasaulyje, placiai
naudojamas jvairiy organiniy  junginiy

analizei. Daugelis tyréjy kasdien naudoja GC
metody; tacdiau jie susiduria su anali¢iy
atskyrimo, sistemos jautrio ar sudétingo
meéginio paruosSimo problemomis. Buvo daug
bandymy patobulinti GC metoda ir vienas i$
ju buvo sukurti skirtingus modulius [1, 2],
kurie iSspresty vieng ar kelias is Siy problemu.
Masy laboratorijos sukonstruotas prietaisas
sukurtas remiantis kriofokusavimo principais
[3]. Pritaikydami masy sukurtg prototipa,

siekéme pagerinti GC sistemos jautrj ir
skiriamaja geba.
Injector
Fecorder
Det [
Column T

Cr‘"_\ln'ofocus

Zas
Supply

Cran

1 pav. Dujy chromatografinés sistemos su
kriofokusavimo moduliu schema.

lprastinéje dujy chromatografijoje analiCiy
misinys jpursSkiamas j dujy chromatografijos
sistemg, po to jos atskiriamos GC kolonéléje

ir iSmatuojamos naudojant detektoriy.
Naudojant musy prototipa, po injekcijos
analités buvo trumpam sustabdytos
naudojant skystg azotg, o staiga pakaitinus
toliau keliavo iSilgai kolonélés iki

detektoriaus. Sis procesas susiaurino anali¢iy
signalus iki 37% ir iki dviejy karty padidino jy
intensyvuma. Taip pat, Sis prietaisas buvo
iSbandytas sukoncentruoti analites ant
kolonélés. Koncentravimas buvo atliekamas

vienos injekcijos | chromatografg analites
sulaikant kriofokusavimo prototipe ir
kartojant injekcijas. Po norimo injekcijy

skaiCiaus kriofokusavimo prototipas staigiai
jkaitinamas ir visos sukauptos analités kartu
pajuda kolonéle link detektoriaus.
Uzfiksuotas signalo padidéjimas koreliuoja su
injekcijy skaic¢iumi. Masy bandymy metu po
20 injekcijy is eilés pavyko iSgauti iki 20 karty
didesnj signala.
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2 pav. Chromatogramos pries koncentravimag (zemi signalai) ir po 20 injekcijy su koncentravimu
(auksti signalai).
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DEUTERINIMO |TAKA FOSFOLIPIDINIY MONOSLUOKSNIY SAVYBEMS
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Lasteliy membranos tyrimuose in situ spektriniai
metodai yra labai retai naudojami dél gyvy
lasteliy trapumo, bei ypatingo Siy membrany
kompleksiskumo. Si  problema sprendZiama
naudojant dirbtines membranas sudarytas tik is
keliy elementy, kuriy bent vienas, norint iSvengti
virpesiniy juosty persiklojimo, gali bdadti
izotopiskai pazymimas. Praktikoje dazniausiai
sutinkamas membranas formuojanciy fosfo-
lipidy izotopinis pazyméjimas, kai skirtingos
lipido dalys gali blti deuterinamos (1 pav.).
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1 pav. 1, 2-Dipalmitoil-3-fosfatidilcholino (DPPC) struk-
tdra, bei izotopinis pazyméjimas pakeiCiant vandenilio
atomus deuteriais.

Nors lipidy deuterinimas yra placiai taikomas
spektrometriniuose tyrimuose, iki Siol néra
nustatyta ar tai neturi jtakos formuojamy modeliniy
membrany savybéms. Taigi, siekdami jvertinti
skirtingo deuterinimo lipidiniy monosluoksniy
savybes, mes panaudojome Langmuir-Blodgett
sluoksniy formavimo metodika kartu su virpesine
suminio daznio generacijos (VSDG) spektrometrija,
kuri  jgalino  charakterizuoti monosluoksniy
struktdra molekuliniame lygmenyje (2 pav.).

R VSDG
Reg
Lipidas ;.43 Fyy YooY
Vandu ,
7 \\\
30 mN
7 mNm’ om4l~T

o W=

Centosimetriné

VSD x

2 pav. Principiné VSDG matavimo ir eksperimento
schema.

Atlikus tyrimus mes parodéme, jog tiek alkilinés
grandinés, tiek ir cholino grupés deuterinimas

veikia formuojamy monosluoksniy savybes (3 ir 4
pav.). Pastebéjome, kad deuterinimas pakeicia
cholino grupés orientacijg, dél to monosluoksniai
sudaryti is DPPC-d13 ir DPPC-d75 galimai jgauna
atviresne struktlrg, o tai kartu paveikia ir alkilinés
grandinés sanglauda. Si  idéja  grindziama
pastebimu hidratacijos jtakos fosfato grupés
sumazéjimu. Tuo tarpu alkilinés grandinés deute-
rinimas pastebimai apsunkina Sios grupés
persitvarkyma, kai kalcio kationai prisijungia prie
lipido.
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3 pav. Skirtingos deuterinimo lipidy simetriniy valentiniy
(ss) rezonansy CHzss/CHass ir (CDzas/CD2as) santykinio
stiprio priklausomybé nuo pavirsiaus slégio. Didesné
reikSmé atitinka mazesnj monosluoksnio defektinguma.
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Among the huge variety of methods for
removing pollutants, adsorption methods have
great potential for application in the field of
environmental protection [1, 2]. One of the
potential materials as an adsorbent for protecting
the environment from radionuclides are clay
minerals, which in terms of adsorption efficiency
are not inferior to commercial adsorbents, and in
some cases are superior to them. Modification and
processing of clay minerals can increase their
efficiency, in addition, clay minerals can reduce the
toxic effect of other components in the composite,
for example, graphene oxide [3]. Thus, the use of
clay minerals as a composite base makes it
possible to obtain highly efficient and biocom-
patible adsorbents for environmental protection.

The aim of this study was to develop a clay-based
composite using graphene oxide (GO) and
magnetite-maghemite (MG/MGH) as modifiers,
followed by studying the adsorption behaviour of
Cs* and Co?* on this composite. The first step of the
preparation of composites includes the synthesis
of all components. The GO was obtained by the
Hummers' method, MG/MGH by a co-precipitation
reaction of ferrous and ferric ions. The synthesis of
the composite included dispersing GO and
MG/MGH in an ultrasonic bath for 2 h, followed by
the addition of untreated triassic clay (Saltigkiai in
North Lithuania) to the solution, keeping the
mixture under constant stirring in a flow of argon
for 1.5 hours, at 60 °C. Then this mixture is
centrifuged, the resulting composite is taken and
dried in a vacuum for 24 hours. These composites

were characterized using X-ray diffraction analysis
(XRD), X-ray fluorescence analysis (XRF), scanning
electron microscope (SEM), transmission electron
microscope (TEM) and fourier-transform infrared
spectroscopy (FTIR). To study the adsorption
behaviour of Cs* and Co?, various tests were
carried out, depending on the concentration of the
adsorbent and adsorbate, pH, temperature,
contact time, as well as the adsorption of these
metals in a binary system. According to the results
of the study, we found that the best adsorption of
Cs* was in acidic and alkaline media, the maximum
adsorption of Co?* achieved at pH 5, and at pH > 5,
the complexation process prevails. In addition, the
adsorption process is endothermic, the adsorption
equilibrium is reached within 30 minutes and the
adsorption efficiency of Cs* decreases under
conditions of high Co?* content. Thus, the
resulting composite proved to be effective in
adsorption of Cs* and Co?*, where the maximum
adsorption capacity was 2165 mg/g and 627
mg/g.

References

1. B.Mu, A. Wang, Adsorption of dyes onto palygorskite
and its composites: a review. Journal of Environmental
Chemical Engineering 4, 1274-1294 (2016).

2. H. Han, M. Rafiqg et al., A critical review of clay-based
composites with enhanced adsorption performance
for metal and organic pollutants, Journal of hazardous
materials 369, 780-796 (2019).

3. M. Kryuchkova, R. Fakhrullin, Kaolin alleviates
graphene oxide toxicity, Environmental Science &
Technology Letters 5, 295-300 (2018).



FIZINIY IR
< TECHNOLOGIJOS MOKSLY

CENTRAS

:‘ﬁz@eéh

FORMATION OF ALUMINA NANOFIBRES DURING HIGH-FIELD
ALUMINUM ANODIZING
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Alumina nanofibers as high aspect ratio materials
are suitable for use as catalyst supprots,
absorbents and sensor components [1]. Alumina
nanofibers can be synthesized by various
methods, including hydrothermal synthesis, sol-
gel method, chemical etching of porous alumina
films, but these processes usually are quite time
consuming and the morphology of the final
nanofibers sometimes rather difficult to
control [2]. In this study we propose to obtain
alumina nanofibres in one-stage electrochemical
process, namely, during high-field aluminum
anodizing in agqueous solutions of oxalic acid.

The samples were prepared on the high-purity
aluminum foil (99.99%) of different thickness (25,
60 and 100 ym thick, Alfa Aesar). Alumina
nanofibers were formed by double-sided
anodizing of aluminum specimens in a 0.3 M
agueous solution of oxalic acid at 15°C up to the
moment when the aluminum was completely
oxidized at the constant current mode. Anodizing
current density (J.) was varied in the range of
150-350 mA cm™2 with the step of 50 mA cm™. At
the steady state of oxide growth, the anodizing
voltage (U,) was of about 90 V. The process was
carried out in two-electrode glass cell, in which a
platinum grid was used as counter electrode.
Surface morphology of the films was analyzed by
scanning electron microscopy (SEM) on a Hitachi
S-4800 device. Subsequent statistical analysis of
the images was performed by ImageJ software.
The Auger electron spectroscopy (AES)
measurements were performed to investigate the
chemical states of the elements on the surface of
oxalic acid alumina films using a Thermo VG
Scientific Microlab 350 instrument, equipped with
a concentric hemispherical analyzer.
Fluorescence spectra were measured with a time-
correlated single photon counting spectrometer
Edinburgh-F900 (Edinburg instruments).

As we applied double-sided anodizing to control
the thickness of final oxide layer the aluminum foil
of different thickness was used. It was established
that aluminum substrate thickness affected the
morphology of the alumina films. According to
SEM results (Fig. 1), nanofibers were formed on
the surface of the 60 and 100 um Al foil, but

regardless of the value of J, they were not
synthesized on 25 um Al foil. It was also shown
that alumina nanofibers uniformly covered the
entire surface of the films formed only on the
Al foil with a thickness of 60 um. During 100 pm
Al foil anodizing, the pores were etched and the
nanofibers were partially dissolved.

It can be explained as follows, with increasing
Al foil thickness, the anodizing time increases as
does the thickness of alumina, which leads to a
decrease in thermal conductivity of the samples
and also to the local overheating in the barrier
layer, therefore, Joule heating dissipates worse.
As a result, a local temperature at the bottom of
pores increases, electrolyte heats up and the
dissolution rate of the oxide layer increases.

According to AES, only samples obtained on
25 um Al foil contained carbon impurities.
Contrarary, the surface of the samples formed on
60 and 100 um Al foil consisted of pure alumina.
Additionally, for thicker samples, in Auger spectra
both the oxygen lines and the aluminum ones
were different from the reference spectrum.
Analysis of AES and fluorescence data allowed
concluding that the shape of O KLL and Al KLL
lines changed due to their fibrous nanostructure.

M A TR %
Fig. 1. Alumina nanofibers formed on 60 um Al foil at
200 mA cm=2,
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Antimicrobial food packaging has been
an important area of research because it can
improve food safety and shelf life. This
creates a Dbarrier to the growth of
pathogens on the surface of food. But

recently, the development of
biodegradable moisture barrier food
packaging has been challenging.

Chitosan-graphene oxide matrix polymer
nanocomposites themselves are a good
carrier of antimicrobial properties that
are non-toxic to humans, but toxic to
pathogens. But the most common bacteria
develop resistance, and this requires
progress in the production of thin films.
Here we have developed composites based
on copper and platinum metals immobilized
on a thin monolayer film of graphene
oxide and chitosan matrix. This
reduction involves the development of
thin  films  with  structural modifications
of chitosan (Ch) with positively charged
metal oxide particles to enhance
antibacterial activity. Graphene oxide
(GO) is obtained by a modified Hammers
method. Copper (Cu) and copper oxides
were synthesized in the laboratory by
reduction of copper sulfate pentahy-
drate. | nitially, a graphene-chitosan oxide

composite  was prepared, and then
platinum and copper particles were added
to it, similar to other copper oxides. After
that, the films were made by the method
of gel casting, which was facilitated by
the self-healing ability of the chitosan
framework. Crystal structures, surface
functional groups and morphology were
analyzed using X-ray diffraction (XRD),
transmission electron microscope (TEM)
images, respectively. The characterized
thin films are tested against E. coli and
have a minimum inhibitory concentration
(MIC) and a minimum  bactericidal
concentration. Antibacterial activity was
tested against E. coli, gram-negative
bacteria and a higher zone of inhibition
was observed on composites of Ch-GO-Pt-
Copper Oxides compared to regular CS-GO-
Pt-Cu. The mechanism of cell death
suggests a possible mechanism of ion
capture due to rupture of the cell
wall or ROS-induced production of cell lysis
together with platinum. In conclusion, our
studies form the basis for the promising use
of this nanocomposite as an antibacterial
agent for biomedical and food
packaging.
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Rechargeable lithium-ion batteries with organic
electrolytes with high power and energy
densities are widely used as commercial energy
storage  devices, especially  for mobile
applications. However, for large-scale stationary
storage, these properties are of lesser concern,
while factors such as price and safety are of
paramount significance. For these reasons,
cheaper and safer agueous Na-ion batteries are
deemed as a potential alternative. However, the
absence of stable, high voltage materials remains
a problem.

With a general formula of NazM2(PO4)s (M =
transition metal), NASICON-structured materials
are exceptional due to their fast Na-ion transport.
Among available transition metals, Mn is one of
the most attractive ones due to its abundance,
high potential, and capacity, as multiple redox
states are electrochemically accessible. Even
though few successful materials have been
reported in organic media [1], the co-existence of
different Mn states and unfavorable chemistry in
water, such as Jahn-teller’'s distortion and
solubility of formed manganese forms, hinders
the successful deployment of these materials [2].

Understanding the degradation mechanism is the
first step to solving the issue. Conventional
techniques, such as AAS, ICP-OES/MS are widely
used to characterize the degradation products to
gain insight into the process. They offer high
precision, however, in-situ methods have the
advantage of studying the process directly. In past,
some electrophoretic [3] and rotating ring-disc
electrode [4] technigues have been successfully
employed to study the operation of LiMnO; spinel
electrode.

RRDE is a very simple but efficient technique that
allows simultaneous operation and selective
detection of degradation products. Here we used
it to characterize three different Mn-based
cathodes: NazsMnTi(POu4)s (NMTP),
NasMnz(PO4).P,07; (NMPP), and NazMnPO4COs
(NMCP). All of these seem to exabit a unique
degradation mechanism. NMPP and NMPC show
rapid degradation as a two-step process at a fully
charged state, suggesting instability of de-
sodiated states of the structure as well as the

prominence of Jahn-teller distortion for
produced Mn3*. For NMTP, the picture is different.
Titanium seems to successfully stabilize the de-
sodiated structure, so no manganese leaching
occurs at this stage, however, as the potential is
reversed and soluble Mn?* is produced, we see
the dissolution. Overall, results suggest relative
stabilizing effects of Ti doping, while anionic
substitution was relatively insignificant.

Disc E/ V

Disc I/ mA

Ring I/ uA
N W WS
oo oo

2(I)0 3(I)0 4(I)0 S(I)O 6(IJO 7(I)0 8(I)0 9(I)0 '
Time/ S
Figure 1. RRDE experiment performed on NMTP. From

top to bottom: Applied potential, disc current, and ring
response.

Acknowledgments:

This project has received funding from the European
Regional Development Fund (Project No. 01.2.2-LMT-
K-718-02-0005) under a grant agreement with the
Research Council of Lithuania (LMTLT).

References

1. Gao, H, Li, Y., Park, K. & Goodenough, J. B. Sodium
extraction from NASICON-structured Na3MnTi(PO43
through MndiD/Mndl) and  Mn(dV)/Mndlll) redox
couples. Chem. Mater. 28, 6553-6559 (2016).

2. Asl, H. Y. & Manthiram, A. Proton-Induced
Disproportionation of Jahn — Teller-Active Transition-
Metal lons in Oxides Due to Electronically Driven
Lattice Instability. (2020) doi:10.1021/jacs.0c10044.

3. Hanf, L.,, Henschel, J,, Diehl, M., Winter, M. & Nowak, S.
Mn2* or Mn3*? Investigating transition metal dissolution
of manganese species in lithium Jon battery
electrolytes by capillary electrophoresis.
Electrophoresis 41, 697-704 (2020).

4. Wang, L.-F,, Ou, C.-C,, Striebel, K. A. & Chen, J.-S.
Study of Mn Dissolution from LiMn204 Spinel
Electrodes Using Rotating Ring-Disk Collection
Experiments. J. Electrochem. Soc. 150, A905
(2003).



FIZINIY IR
TECHNOLOGIJOS MOKSLUY

ez Y CENTRAS

0
XN
g

OPTIMIZATION OF THE CARBON COATING OF ACTIVE MATERIALS
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In recent years, environmental concerns have
shifted the scientific attention towards the
development of novel renewable and clean
energy storage devices. Sodium ion batteries,
especially their aqgueous variations, have
emerged as an appealing alternative to LIBs
owing to sodium’s high abundance in nature
and elimination of highly toxic and flammable
organic electrolytes [1].

The surface coating of electrode active
materials has been an indispensable step for
preparation of Na-ion agueous batteries [2].
Carbon coating helps to overcome an
inherently low conductivity of NASICON-
structured NaTi2(PO4)s (NTP) as well as to
protect the active material from dissolution
into aqueous electrolyte, thus ensuring
enhanced cycling stability [3]. While carbon
coating contributions are well-confirmed, the
systematic study of surface layers remains
absent [4]. Conventional particle coating by
graphitization of glucose or citric acid (CA)
does not ensure the homogeneity of
conductive layer. Growing a polymer e.g.
polydopamine (PDA) shell on the surface of
particles through in-situ polymerization (Sch.
1D is a reliable method to control the integrity
of a conductive layer. Precisely controlled
coating enhances both stability and
conductivity of active material [5].

The aim of this work was to investigate the
effect of in-situ polymerization conditions on
the NTP electrochemical performance. A
polydopamine shell is grown on NTP particles
synthesized by a co-precipitation method
with varying parameters such as initial pH and
monomer concentration. The electrochemical
properties of electrodes are investigated by
galvanostatic charge/discharge cycling. The
results suggest that polydopamine coating
results in superior electrode initial capacity
and cycling stability compared to
conventional routes (Fig. 1).

NTP

Step 1.

In-situ polymerization Graphitization

Scheme 1. Schematic illustration of the synthesis
of NTP@C composites.
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Fig. 1. Comparison of the cyclability between
NTP@CA acid and NTP@PDA
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HOW TO CONTROL MORPHOLOGY OF NaTi2(POa4)s
NANOPARTICLES?
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Ever-growing energy needs and depleting fossil-
fuel resources demand the pursuit of sustainable
energy alternatives. Although electricity generated
by solar panels, wind turbines or hydropower is
clean and safe, but the source is of intermittent
nature and requires large-scale storage devices in
order to obtain balance. Aqueous Na-ion batteries
have received particular attention of researchers as
one of the main alternatives for rechargeable
sustainable grid-scale stationary energy storage
systems because of its price, safety, stability and
environmental friendliness [1-3].

Synthesis method of suitable materials can affect

the chemical composition, purity, phase
structure, morphology and size, all of which
influence the electrochemical performance - ion

insertion kinetics, charge/discharge capacity, its
retention during cycling, Coulombic efficiency etc.
Hydro(solvo)thermal synthesis is very attractive
alternative method for fabrication of sodium ion
battery compounds because of its low
temperature, which provides energy savings, high
phase purity and crystallinity, high vyield, narrow
particle size distribution and controllable shape
[4]. Tailoring of nanoparticle size and morpho-logy
could reduce the ionic and electronic transporting
paths and improve the charge transport features
of energy storage materials [5].

A  whole series of NaTi2(PO4)3 nanoparticles
were synthesized by a solvothermal method
using five different solvents: methanol (MeOH),
ethanol (EtOH), 1-propanol (1-PrOH), 2-propanol (2-
PrOH) and ethylene glycol (EG) as well as their
mixtures with water in different volume ratios (5:0, 4:1,
3:2 and 2:3) in order to investigate the influence of
solvent to size and morphology of the particles

along with electrochemical performance. The
structure and morphology of prepared
materials are characterized by X-Ray
Diffraction, Scanning Electron Microscopy

and Thermogravimetry analysis. It was observed that
phase purity, particles shape and size depend
strongly on the solvent nature. Additional water in
mixture with alcohol not only grows crystals but
also affects impurity appearance. The
electrochemical properties of prepared
NaTi2(PO4)3 based electrodes are investigated by
Cyclic voltammetry and Charge/Discharge
galvanostatic  cycling in the three-electrode
bottom mount flat sample beaker cells. Particles with
cubic-like morphology, smoother surface and
narrower size distribution show better
electrochemical performance than other particles of
irregular morphology.

5:0

Intensity [a.u.]

Fig. 1. X-ray diffraction patterns of NaTi2(P0O4)3
synthesized with methanol and ethylene glycol as solvent.

Fig. 2. Scanning electron microscopy images of
NaTi2(PO4)3 synthesized with methanol and ethylene
glycol as solvent
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Mikroklampos, temperatiros ir poliSkumo
vaizdinimas biosistemose gali suteikti aktualios
informacijos apie pokycius lastelése ar net ligy
vystymasi. Vienas paprasciausiy budy vaizdinti
terpés pokycius yra aplinkos savybéms jautriy
fluorofory panaudojimas[1]. Molekuliniy rotoriy -
mikroklampai jautriy fluorofory - veikimas
pagrjstas vidujmolekulinés rotacijos nulemtos
fluorescencijos (FL) ir nespindulinés relaksacijos
konkurencija. Klampioje terpéje stebima ilgesné
FL gyvavimo trukmé, kurig lemia molekulés
rotacijos pakeista elektroniskai suzadinta blsena
ir greitesné nespinduliné relaksacija[2]. Ypac
populiarus boro dipirometenu paremtas
mikroklampos jutiklis BODIPY-Cio (Pav. 1) iSsiskiria
monoeksponentine FL gesimo kinetika, kuri
leidzia supaprastinti rezultaty analize[3]. Taciau
zalia FL yra didziausias Sio fluoroforo trukumas,
nes iSsamesniam biosistemy vaizdinimui reikalingi
raudonai SvieCiantys jutikliai[4].

Siame darbe nagrinéjami BODIPY grupés junginiai
su B-fenilpakaitais, kurie leidzia praplésti
molekulés konjugacijg ir pastumti FL spektrg |
ilgyju bangy puse. Tyrimas sudarytas is trijy daliy:
pirmoji atskleidzia, kaip tankio funkcionalo
teorijos skaicCiavimai (angl. density functional
theory, DFT) gali padéti nuspéti molekulés
jautruma klampai prie$ sinteze bei pristatomas

R, BODIPY-C,,
R, = OC 4o Hyy

BP-Phenyl
Ri=H R,

BP-Methyl
Ri=H R,

naujas, raudonai fluorescuojantis mikroklampos
jutiklis  BP-Nitro (Pav. 1). Antrojoje dalyje
pristatome, kokig jtakg molekulés fotofizikinéms ir
sensorinéms savybéms turi elektrony
akceptorinés arba donorinés grupés prijungimas,
taip pat pademontruojame poliSkumui jautry
raudongjj fluoroforg BP-Methoxy (Pav. 1).
Paskutiné tyrimo dalis parodo, kokig jtaka turi
aktyvacijos energinis barjeras Es fluoroforo
klampos ir temperatiros jautrumui, bei jvertiname
E. vertes, kuriy reikéty siekti norint sukurti
atitinkamus jutiklius.

Darbas sudarytas iS DFT skai¢iavimy, sugerties ir
FL spektry, FL gyvavimo trukmiy analizés, gyvy
lasteliy vaizdinimo metodikos ir teoriniy
matematiniy modeliavimy, kurie leidzia jvertinti
FL gyvavimo trukmiy, E; ir jautrumo aplinkos
savybéms sarysius.
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BP-Nitro

R, =H R,=NO, R,=

BP-Trifluoromethyl
Ri=H R,= !_@,CF .

BP-Methoxy
Ri=H R,= =

1 pav. Tyrime naudojami junginiai. Populiariausias molekulinis rotorius BODIPY-Cio bei nauji junginiai su padidinta
konjugacijos sistema: be papildomy pakaity (BP-Phenyl), su dviem metilgrupémis ant p-fenilo (BP-Methyl) ir
papildomai nitrogrupe ant meso-fenilo (BP-Nitro), su elektrony akceptorine (BP-Trifluoromethyl) ir donorine (BP-

Methoxy) grupémis.
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REAL-TIME AND LABEL-FREE EVALUATION OF T7 DNA
POLYMERASE IMMOBILIZATION
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During the COVID-19 pandemic, the
development of RNA or DNA-sensors and
accurate analytical methods based on DNA-
modifying enzymes for nucleic acid detection
is especially relevant. Recently, DNA-
modifying enzymes have been widely used for
the diagnosis of viral or pathogenic disease by
“gold” (PCR, gPCR, RT-gPCR) methods. The
immobilization of biologically active proteins
is the primary key in reusing expensive
enzymes for many analytical cycles. However,
the immobilization of  DNA-modifying
enzymes on any surface technique with the
ability to detect viral or bacterial nucleic acid
is individual for each DNA-modifying enzyme
group. Generally, DNA-modifying enzymes
facilitate the transformation of DNA-based
substrate. These enzymes can accurately
recognize, amplify, and/or cleave target and
non-target DNA fragments [1]. Therefore,
immobilization of the DNA-modifying
enzymes is still a complex and challenging
task in biotechnology and biosensing.

T7 DNA polymerase is a promising DNA-
modifying enzyme that catalyzes DNA
replication in vitro. The enzyme has an
extraordinarily strong 3'—5' exonuclease
(nucleotide cleavage) activity at a single site.
However, immobilization of a fully functional
T7 DNA polymerase is a challenging task due
to the fundamental properties of the enzymes.
All enzymes are proteins and are amphiphilic,
which causes them to have an affinity with
different interfaces and they have multiple
strong more than one active centers.
Effectively used inherent T7 DNA polymerase
properties can be successfully employed for
developing DNA-sensors.

This study was successful in investigating the
kinetics of immobilization of T7 DNA
polymerase with masked active site [2] on
different mixed thiol surfaces by QCM
method. Study have shown that increasing
concentrations of carboxyl groups in the thiol
mixture increases the yield (ng) of T7 DNA
polymerase immobilization. Commonly, we
have demonstrated by this study/research
that immobilization is best described
according to the first-order kinetic equation.
Moreover, our results revealed that
immobilized 10 ng of T7 DNA polymerase
corresponds to 1.20 Hz frequency change. To
evaluate the performance of the engineered
T7 DNA polymerase-sensor, we measured the
specificity of the immobilized enzyme. In our
study, DNA-sensor with immobilized 427.95 +
0.60 ng of T7 DNA polymerase could
accurately cleave 15 ng of double-stranded
DNA fragments during overnight incubation
at room temperature. In particular, the results
explained that immobilized T7 DNA
polymerase is entirely functional on all thiol
mixture surfaces, and the enzyme's active site
was well protected from inactivation.
Therefore, the T7 DNA polymerase-sensor can
be used more widely in DNA detection
research.
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ADITYVIOS GAMYBOS BUDU SUFORMUOTO B-TRIKALCIO FOSFATO

SAVYBIU ANALIZE IR PERSPEKTYVOS KAULINIO AUDINIO REGENERACIJOJE
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Kauly persodinimo daznis yra antra pagal daznuma
audiniy transplantacija visame pasaulyje, iSkart po
kraujo perpylimo [1]. Kaulinio audinio defektams
gydyti per metus atliekama daugiau nei du milijonai
chirurginiy operacijy [1-2]. Didesnius kaip 4-6 cm
kaulinio audinio defektus reikia gydyti kauly
transplantatais [2]. Kritinio dydzio defektai gali bati
jgimti arba susidaryti dél traumuy, naviky, infekcijy ir
tokiy ligy kaip osteoporozé, nekrozé ar kauly
atrofija [1]. Kaulinio audinio defektams gydyti
naudojami keturi pagrindiniai kauly persodinimo
tipai: autologinis, alogeninis, ksenogeninis, aloplas-
tinis. Autologinis kaulas Siuo metu laikomas
wauksiniu“  standartu gydant kaulinio audinio
defektus [1, 3]. Taciau vis daugiau démesio skiriama
aloplastinéms kauly transplantato medziagoms, nes
jy panaudojimas galéty supaprastinti operacijas ir
padéty iSvengti dazniausiai pasitaikanciy
komplikacijy [1,3].

Pagrindinis Sio tyrimo tikslas buvo jsitikinti, kad
LCM (angl. lithography  based  ceramic
manufacturing) technologija pagaminti g-trikalcio
fosfato (B-TCP) karkasai gali blti naudojami kaip
alternatyva kauly defektams uzpildyti. g-TCP
karkasy spausdinimui buvo naudojama viena i$
naujausiy pasaulyje 3D keramikos spausdinimo
technologijy LCM. Naudojant Sig technologijg,
atspausdinty p-TCP karkasy gamybg i$ esmeés
sudaro du pagrindiniai etapai: 3D spausdinimas ir
terminis apdorojimas (zr. 1 pav.). 3-TCP karkasy
poringumas, karkasy pory dydis ir medziagos
tankio fliuktuacijos buvo analizuojami naudojant
pramonine kompiuterine tomografijg (uCT).

Siekiant iSanalizuoti adityvios gamybos budu
pagaminto B-TCP struktlrines savybes, atlikti
tyrimai naudojant rentgeno spinduliy difrakcijos
(XRD) ir Furjé transformacijos infraraudonuyjy
spinduliy spektroskopijos (FT-IR) analizes. B-TCP
bandiniy pavirSiaus topografija ir SiurkStumas
buvo analizuojami naudojant optine profilometrijg
ir skenuojancia elektronine mikroskopijg (SEM). -
TCP karkasy mechaninés savybés jvertintos
gniuzdymo testu. Taip pat, eksperimentiniy
bandiniy pavirsSius buvo funkcionalizuojamas ir
padengiamas hidrogelinémis medziagomis bei
atliekamas pirminis charakterizavimas.

Tyrimo metu nustatyta, kad LCM keramikos
spausdinimo  technologija tinka sudétingos
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1 pav. B-TCP karkasai: a) ant spausdinimo platformos; b)
po 3D spausdinimo ir valymo; ¢) po terminio apdirbimo.

geometrijos karkasy gamybai, kurie pasizymi

geometriniu tikslumu ir atsikartojamumu. Atlikus

XRD ir FT-IR analizes, nustatyta, kad LCM metodu

suformuoti R-TCP karkasai turi analogiskas

kristalinés fazés savybes ir cheminius rysius kaip -

TCP objektai, pagaminti tradiciniais gamybos

metodais. Remiantis Siy tyrimy rezultatais, galima

daryti prielaidg, kad LCM technologija gali bati
naudojama, kaip perspektyvus gamybos metodas

B-TCP karkasy gamyboje, nes analogisky savybiy p-

TCP medicinos prietaisai turi ilgg klinikine istorija.

Atlikti tyrimai parodé, kad ant adityvios gamybos p-

TCP medziagos  galima suformuoti PEG

hidrogelines dangas. Remiantis literatdra, toks

kompozitas turéty turéti didelj potencialg kaulinio
audinio regeneracijoje.
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PULSED ELECTRIC FIELDS ACTIVATE NF-«kB PATHWAY-CONTROLLED
GENE EXPRESSION IN HUMAN CERVIX CARCINOMA CELLS WITHOUT
DAMAGE TO MEMBRANE INTEGRITY AND VIABILITY

Justina Kavaliauskaite'?, Auksé Kazlauskaité'?, Juozas R. Lazutka?, Ardnas Stirkeé'

ICenter for Physical Sciences and Technology, Department of Functional Materials and Electronics
Saulétekio av. 3, LT-10257 Vilnius
2l ife Sciences Center, Bioscience Institute, Vilnius University
Sauletekio av. 7, LT-10222 Vilnius
email: justina.kavaliauskaite@ftmc.It

Many human disease phenotypes are linked to
mutations in over 4500 genes (as per OMIM
Gene Map Statistics, 2021). This has created a
base for therapeutic strategies that can
modify nucleic acids within disease-affected
cells, e.g., gene therapy. However, as with any
other therapeutic molecule, effects of
transgene agents depend on the dosage [1].
Both for laboratory use and for potential
therapeutic applications, a regulated gene
expression may be a requirement. In this
context, pulsed electric field technology could
be a candidate for non-invasive, biophysical
regulator of gene expression.

The aim of this study was to investigate
microsecond pulsed electric fields (usPEF)
stimulation as a concept for a potential non-
ligand physically triggered regulator of gene
expression in human cervix carcinoma cell line
(Hep-2c). To address this possibility, we
employed a plasmid-based heterologous
transcription system that consisted of two
main elements: (1) nuclear factor kB (NF-kB)
pathway-controlled synthetic promoter and
(2) secreted alkaline phosphatase SEAP
reporter gene. Cells were transfected with the
reporter plasmid and exposed to different
pulsed electric field amplitudes. In addition,
we aimed to maintain cells viable and
attempted to keep the integrity of cell
membrane intact. For this, electrical pulse
parameters were selected based on published
data [2, 3]. We reported results in relative
expression of SEAP protein in the fold
comparison to untreated control 24- and 48-
hours post-pulsation. During the study, we
also assessed cell viability (metabolic activity)
24- and 48-hours post-pulsation and
expressed it as a percentage comparison to
the untreated control cells. Furthermore, we
conducted membrane permeability assay

immediately after usPEF treatment using
membrane impermeable SYTOX®-green
nucleic acid stain and presented results as the
fold comparison of the fluorescence of the
stain after usPEF to untreated control.

Human cervix carcinoma cell culture exposure
to usPEF resulted in significantly higher levels
of relative expression of SEAP throughout
0.165 - 0.4 kV/cm 24 hours post-pulsation.
Pulsed electric fields amplitude of 0.165
kV/cm caused the highest peak of relative
expression of SEAP - approximately 2-fold
increase compared with the untreated control
(1.95 £ 0.29, p < 0.0001). Interestingly, at the
point where highest reporter gene expression
levels were achieved, cells remained viable
(103 % + 5 %) and no membrane
permeabilization was observed whatsoever.
The reporter system settled 48 hours post-
exposure; no gene activation was detected
compared with the untreated control at all
amplitudes.

We conclude that microsecond duration
pulsed electric fields activate NF-kB pathway-
controlled SEAP gene expression in human
cervix carcinoma cells without damage to
membrane integrity and viability at 0.165
kV/cm 24 hours post-pulsation. To our
knowledge, this is the first experimental study
that demonstrates usPEF can act as the
inducer of target promoter.
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METALINIY PAVIRSIU BIOSUDERINAMUMAS
OPTOPORACIJOS TYRIMAMS
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Vienas i$ lazerio spinduliuotés poveikiy lastelei
yra lazerio sukelta membranos permeabilizacija,
kuomet per laikinai atsiverianias poras
membranoje | lastelés vidy ar iS Igstelés j iSore
gali patekti jvairios medziagos.

Optoporacija - tai tikslinis egzogeniniy
medziagy, pavyzdziui, nukleortigsciy ar
baltymy, jvedimas | lgstele lazerio pagalba.
Vienas anksciausiai pradéty naudoti bldy
optoporacijai - lazerio spinduliuoté tiesiogiai
nukreipta j lastele. Siuo atveju reikalingas labai
tikslus lazerio pluosto démeés bei Iastelés
suvedimas, net mikrometry paklaida gali
drastiskai sumazinti transfekcijos efektyvuma

[11.

Norint  pagerinti optoporacijos procesg,
pradétos naudoti plazmoniniy savybiy turinc¢ios
nanodalelés, dazniausiai aukso nanodalelés [2].
Nanodalelés konvertuoja lazerio spinduliuote |
karstj, indukuojantj mikroburbuly susidaryma
Salia lgsteliy bei staigy mikroburbuly suirima,
ko pasekoje per Igstelés membranoje
atsiveriancias poras gali jvykti ir tiksliné
medziagy transfekcija. Deja naudojant §j
metodg stebimas citotoksiskumas dél
nanodaleliy patekimo j Igsteliy vidy [3].

Nuo 2015 mety optoporacijai pradétos naudoti
struktlruoti  plazmoniniai  substratai [4],
sukeliantys tokj patj efekta lasteliy membranos
permeabilizacijai kaip ir nanodalelés.

Lastelée

‘= Substratas

1 pav. Optoporacija: lazeris+lgstelé+aukso substratas.

Taciau nors substratai ir nepatenka | lgstelés
vidy kaip nanodalelés, visgi jie gali jtakoti
lastelés gyvybinius parametrus. Todél optopo-
racijoje naudojamas substratas privalo bati

biosuderinamas, ty., jei Sj substrata
eksponuotume su kino skysciais bei audiniais,
substratas neturi sukelti citotoksiSkumo bei
organizmo imuninio atsako. 2 paveiksle
nurodyti pagrindiniai biosuderinamumo tyrimo
metodai. Mlsy tyrimo metu planuojama istirti
substraty korozijg, jvykusig inkubuojant
substratga SBF (simulated body fluid) tirpale,
taip pat atlikti Igsteliy in vitro tyrimus stebint

lasteliy adhezijg ant tiriamo substrato,
gyvybinguma bei citotoksiSkuma.
[ Biosuderinamumo tyrimai ]
[Fiziko—cheminiai] [ In vitro ] [ In vivo ]

Implanty jsodinimo j
gyvus organizmus
tyrimai.

Stebimas metalo
irimas, Zaizdos gijimas,

I8skiriamy su laiku | | Lasteliy adhezijos
medZiagy/ jony tyrimai.

tyrimas. (ICP-OES) Lasteliy gyvybingumo,
Metalo pavirsiaus | | proliferacijos tyrimai.

to;c;ﬂlj(i ot Citotoksiskumo kapsulés aplink
ficz>io|ao i::zja su vertinimas. implantg

I kg Lastelés ciklo faziy formavimasis.
aplinka. Vertinama FBR

(Potenciometrija) | | Nustatymas. (foreign body

reaction).

2 pav. Biosuderinamumo tyrimo metodai.
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PLAZMOS POVEIKIO TAIKYMAS VERTINGY JUNGINIU
EKSTRAKCIJAI IS MIKRODUMBLIY, NAUDOTUY NUOTEKUY
BIOREMEDIACIJOJE
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Mikrodumbliai - dideliu produktyvumu ir sinteti-
namy junginiy gausa pasizymintys mikroor-
ganizmai, kuriy pritaikomumo vis dazniau
ieSkoma biotechnologijy, farmacijos ir energe-
tikos pramonés sektoriuose. Didzioji dalis
vertingy cheminiy junginiy yra kaupiami dumblio
lastelés viduje, kurig nuo aplinkos saugo itin
stipri, tvirta sienelé. Taikant jprastus lIgsteliy
dezintegracijos metodus (pvz.,, auksto slégio
ekstrakcijos efektyvumu tiek su proceso
industrializavimu. Vienas i$ naujai taikomy
sprendimo bddy - dumbliy apdorojimas plazmos
apsvita [1,2]. Taigi, Sio darbo tikslas yra jvertinti
plazmos apsvitos parametry jtakg mikrodumbliy
Chlorella vulgaris gyvybingumui. Tuo paciu
jvertinti dumbliy vykdomos nuoteky
bioremediacijos efektyvuma.

Tyrimo metu, C. vulgaris mikrodumbliai buvo
kultivuojami  BG-11  mitybinéje terpéje bei
akvakultlros nuotekose. Kultivavimo metu buvo
fiksuojami terpés elektrinio laidumo, pH, optinio
tankio, iSskirto chlorofilo a ir cheminiy elementy
(POg4, SO2) koncentracijy kitimai.

B BG-11 (2x107)
8- Il BG-11 (1x107)
[ Nuot. (2 x 107)

I Muot (1x107)

PO4* koncentracija (mg L)

1 7
Diena

1 pav. PO43 kitimas terpéje, vykdant dumbliy
kultivavima.
Véliau, uzauginta ir sukoncentruota dumbliy
biomasé (10 mg/ml) buvo veikiama slystancio
lanko iSlydzio plazma. Plazmai formuoti buvo
naudoti Sie parametrai: suslégto oro srautas ~
22.8 |/min, atstumas tarp elektrody ir veikiamos
dumbliy suspensijos 20-30 mm, poveikio trukmeé
5-10 min, maitinimo Saltinio galia 35-265 W ir
daznis 270 kHz. IS karto po apsvitos plazma ir
praéjus 7 dienoms, po pakartotinio kultivavimo,

iSskirta chlorofilo a koncentracija buvo naudojama
kaip mikrodumbliy gyvybingumo indikatorius.

Gauti rezultatai parodé, jog C. vulgaris gali
sékmingai bati  kultivuojamas  akvakultiros
nuotekose bei vykdyti jy bioremediacijg (1 pav.).
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P (W)
2 pav. Méginio elektrinio laidumo (A) ir iSskirto
chlorofilo a konc. (B) pokytis po plazmos apsvitos.

Tuo tarpu plazma paveikty dumbliy gyvybingumas
kinta priklausomai nuo naudojamos islydzio galios
(2 pav.). Vertinant tyrimy rezultatus, nustatyta jog
esant ~255 W galiai, plazma paveikty dumbliy
gyvybingumas sumazéjo. Apie plazmos sukeltus
dumbliy lasteliy pazeidimus, indukuoja ir ryskus
laidumo padidéjimas, galimai nulemtas vidulas-
teliniy junginiy istekéjimo | terpe. Tacdiau, esant
iSlydzio galiai iki 200 W, apSvita plazma ne tik kad
neturi neigiamo poveikio, bet ir gali skatinti
dumbliy augima.
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OSMOSINIO SOKO POVEIKIO Saccharomyces cerevisiae LASTELIU
ATSAKUI | ELEKTRINIO LAUKO IMPULSA TYRIMAS

Greta Gan&yteé, Povilas Simonis

Fiziniy ir technologijos moksly centras, Funkciniy medziagy ir elektronikos skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: greta.gancyte@ftmc.It

Mielés Saccharomyces cerevisiae yra
vienalascCiai  eukariotiniai  mikroorganizmai,
priklausantys gryby karalystei [1]. Natdralioje
mieliy lgsteliy aplinkoje osmosinis slégis neblna
pastovus. Tariui ir formai po osmosinio streso
grazinti mielés yra prisitaikiusios naudoti HOG
(angl. high osmolarity glicerol) signalinj kelig
[2]. Vienas iS abiotiniy poveikiy, susijusiy su
vidulgsteliniy junginiy praradimu ar uzlasteliniy
medziagy patekimu | lgstele yra impulsinis
elektrinis laukas (IEL). Jis apibréziamas kaip
fizikinis metodas, kurio metu Igstelés yra
veikiamos trumpais jvairaus stiprio elektrinio
lauko impulsais siekiant suformuoti poras ir
padidinti membrany pralaiduma. Sis reigkinys
vadinamas elektroporacija [3]. Siame darbe
buvo tiriama osmosinio slégio pokycio po IEL
poveikio jtaka mieliy lasteliy gyvybingumui ir
pralaidumui. Darbas buvo atliktas su YOO0OO0O
(WT) ir YO2724 (Ahod kamienais.

Buvo parodyta, kad lasteliy gyvybingumas

A 100

0.5M
80
m15M
60
40
) [

E, kV/cm

Gyvybingumas %

priklauso nuo IEL poveikio ir mazéja stipréjant
elektriniam laukui. Pralaidumas po 2-10 kV/cm
IEL poveikio atitinkamai padidéjo. Mieliy
inkubacija hiperosmosinése sglygose (1,5 M
sorbitolio tirpale) po 2-10 kV/cm elektrinio
lauko impulso poveikio padidina WT mieliy
gyvybinguma vidutiniskai 20,4 %, o Ahog
lasteliy gyvybinguma vidutiniskai 33,2 %.
Hiperosmosinis Sokas po IEL poveikio sumazino
WT mieliy lasteliy pralaiduma vidutiniskai 25 %,
o Ahoglasteliy pralaiduma vidutiniskai 29,5 %;
prieSinga poveikj turéjo inkubacija
hipoosmosinése (0,5 M sorbitolio tirpale)
salygose: po 2-10 kV/cm elektrinio lauko
impulso poveikio sumazina WT Iasteliy
gyvybinguma vidutiniskai 21,8% ir Ahoglasteliy
gyvybingumga vidutiniskai 34,7%, o taip pat
padidino WT mieliy Iasteliy pralaiduma
vidutiniskai 26,1 %, o Ahoglasteliy pralaiduma

vidutiniskai 39,9 %. Gyvybingumo tyrimo

rezultatai pateikti 1 pav.
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1 pav. A Laukinio tipo (WT) ir B Ahog mieliy lgsteliy gyvybingumo priklausomybé nuo osmosinio Soko po skirtingo
stiprio elektrinio lauko poveikio. Spalvos gradientas nurodo sorbitolio koncentracijg osmosinj Soka sukelian¢iame
tirpale tirpale: Sviesesné spalva 0,5 M, bruksnine linija 1M (be osmosinio Soko), tamsesné 1,5 M.

Apibendrinus tyrimo rezultatus galima daryti
iSvada, kad keiC¢iant osmosinj slégj po IEL
poveikio mieliy lasteliy gyvybingumas ir
pralaidumas gali bati reguliuojamas
(padidinamas arba sumazinamas). HOG
biocheminis kelias yra dalyvauja mieliy lasteliy
atsistatymo po IEL poveikio procese, nes
lgstelés turincios iSveiklintg HOG geng yra
jautresnés osmosinio slégio pokycCiams.
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APPLICATIONS OF GREEN TECHNOLOGIES IN FOOD PROCESSING

Ahmed Taha*, Federico Casanova**, Artnas Stirkée*

*Center for Physical Sciences and Technology, Department of Functional Materials and Electronics
Saulétekio av. 3, LT-10257 Vilnius, email: ahmed.taha@ftmc.It
** Food Production Engineering, National Food Institute, Technical University of Denmark
2800 Kgs. Lyngby, Denmark

Recently, green technologies have attracted
much attention due to their positive impact on
the environment. Ultrasound (US) and pulsed
electric field (PEF) are considered as eco-
friendly and energy-efficient techniques. US as
a green technology has been utilized in several
food applications such as phytochemicals
extraction, drying, processing of fruits, juices,
and dairy products, freezing, crystallization
processes, improving the functional properties
of food proteins, microbial inactivation,
encapsulation, and emulsification. US s
defined as acoustic waves at frequencies
higher than 20 kHz. Acoustic cavitation (the
formation and the collapse of air bubbles in the
system) is the main phenomenon induced by
US. The collapse of air bubbles can induce
chemical reactions and generate several
physical effects such as high-speed liquid jet,
high temperature, pressures, shock waves,
turbulence, and extreme physical shearing in
the medium . In recent studies, we used US to
improve the functional properties (emulsifying
and gelling properties) of plant proteins.
Results showed that US did not alter the
primary structure but made minor changes to
the secondary structure of soy proteins. US
partially unfolded the tertiary structure of soy
protein, exposing the sulfhydryl group and
hydrophobic groups to the surface of protein
molecules. Moreover, US reduced the particle
size and facilitated the formation of soluble
protein aggregates, thus improving protein
solubility. These US-induced changes
improved the emulsifying and gelling
properties of plant proteins 2. Also, US was
used as an emulsification technique to prepare
protein-based emulsions and gel-like
emulsions (Fig. 1. US improved the gel
strength, water holding capacity, and storage
stability of B-carotene bulk emulsion gels 3. In
another study, US improved the crystal
strength and physical properties of different
nut oils-based oleogels. US decreased the
degradation of B-carotene and reduced the
release of B-carotene in intestinal digestion 4.

PEF has been used as a non-thermal process
to destroy microorganisms while retaining the
nutritional quality and food flavor. During PEF

treatment, food materials pass between two
electrodes, and pulses of high voltage electric
field (@1-100 kV/cm™) were applied for
milliseconds to nanoseconds. Currently, we are
studying the influence of PEF (electric field
strengths from 3.2-7.5 kV/cm™) on bovine serum
albumin (BSA)/starch interactions and the
emulsifying properties of BSA/starch
conjugates. The preliminary results showed that
PEF treatment at 3.2-4.2 kV/cm™ increased the
protein solubility of BSA/starch conjugates,
while the solubility decreased after PEF
treatment at electric field strengths higher than
4.2 kV/cm(Fig. 2). Similarly, PEF treatment of
BSA/starch conjugates at 3.2-4.2 kV/cm
resulted in lower protein droplet sizes than the
conjugates treated at higher electric field
strengths.

Sonotrode -
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Native Proteins
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4 = - Disrupting the oil droplets L e
Reducing the particle size of wp WLt
proteins. O/W emulsion

- Improving the protein solubility

- Exposing the protein hydrophobic
groups to the surface of protein
molecules

Fig. 1. Schematic diagram of possible mechanism of
ultrasound  emulsification of protein-stabilized
emulsions.
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Fig. 2. Effects of PEF on the protein solubility of
BSA and BSA/starch conjugates.
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Black carbon (BC) has received special attention
around the world, for its impact on regional and
global climate change and on air quality and
public health [1]. Thus, reducing BC emissions
could provide climatic and human health benefits
in the coming decades. The main sources of BC in
urban areas are traffic, residential combustion
and industry [2]. In recent years trend may lead
to a redistribution of BC sources, as the
contribution of BC from residential combustion
would increase compared to regulated source
sectors such as engine and industrial emissions
[3]. Urban trees can offer great potential to
remove PM and other air pollutants, especially
nearby sources, by absorbing gaseous air
pollutants through their stomata and trapping PM
on the leaf surface [4].

The purpose of the study is to consider the
potential impact of urban trees on the removal of
BC by common spruce and birch, as well as on the
formation of BC, mass concentration and
distribution of sources. The aethalometer (A Magee
Scientific Company Aethalometer model AE31)
provided continuous real-time measurements of BC
mass concentration. Transmission electron micros-
copy (Tecnai G2 F20 X-TWIN, resolution 0.25-0.102
nm) in combination with energy scattering X-ray
spectroscopy (EDX) was used to characterize and
obtain detailed information on the morphology,
size, and elemental composition of individual
aerosol particles deposited on leaf and needle.

This study showed a significant contribution of
transport (54%) and combustion of firewood and
agrobiomass to BC emissions during the warm
season in the urban background zone from June
to October 2020 (Fig. 1). Analysis of modern and
old heating systems has shown that BC emissions
are significantly higher in older systems. The
highest emissions per kg of fuel burned were
caused by birch fuelwood (about 5.00 mg/kg
fuel), and the lowest were from mixed wood
pellets (average 0.94 mg/kg fuel). Particles of BC
aerosol as a result of the condensation mechanism
during combustion were found in all samples of

leaves (drooping birch) and needles (common
spruce). The largest agglomerate of the detected
BC particles had a length of 288.5 nm and a width
of 220.4 nm. Larger agglomerates were found on
the needles of conifers than on deciduous trees, as
they form a thicker epicuticular waxy layer and
accumulate BC more efficiently. This work was
carried out in the framework of the project
"Investigation of aerosol black carbon emissions
from biomass incineration units and deposition on
tree foliage" (RTO Lithuania).
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Fig. 1. BC mass concentration and contribution (%) of
BC emitted by biomass burning, BCBB, and trafic BCFF
during the periods of leaf and needle sampling.
Average contribution of BCBB and BCFF during the
non-heating season (Circular diagram).
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Tougeer Gill', Julija Pauraité', Steigvilé Bycenkiené' and Kristina Plauskaité'

Center for Physical Sciences and Technology, Department of Enviornmental Research
Saulétekio av. 3, LT-10257 Vilnius, email: tougeer.gill @ftmc.It

Aerosols play an important role in the atmosphere,
therefore, due to their relevant impact on human
health and climate change an intensive research on
their chemical composition is underway in recent
decades. Accordingly, it is crucial to improve our
understanding of aerosol chemical composition and
formation mechanisms [1].

The Aerosol Chemical Speciation Monitor (ACSM)
was used to examine the aerosols main chemical
components in the rural environment of Rlgsteliskis
(Lithuania). This study was conducted at the
Aukstaitija integrated complex monitoring station
throughout a five-year period (2013, 2014, 2016, 2018
and 2019) in three seasons (Spring, Summer, and
Autumn). The time series and diurnal trends of
organic and inorganic aerosols (OA and IA,
respectively) were analyzed. Organic aerosols (OA)
had a higher contribution (60 - 80%) to total
submicron (diameter less than 1 ym) particulate
matter (PM1) than that of IA (20 - 40%) during all
investigated seasons. In comparison to the spring
and fall seasons, OA had a higher contribution in the
summers of 2013, 2016, and 2019. However, between
the years 2014 and 2018, the highest contribution of
OA was found during the spring season. When time
series were always conducted to the total loading,
the mass concentration of OA was shown as
dominating (71.91 %) during all 5 years (Fig 1).

The diurnal patterns of OA and IA were used to
define possible day and night aerosol chemistry and
sources (Fig 2). In spring (except 2016) OA exhibited
higher mass concentration during the morning hours
(5-7 h) and lower mass concentration during the
afternoon (13-19 h). OA exhibited higher mass
concentration during the morning hours (5-7 h) and
lower mass concentration throughout the afternoon
(13-19 h) in the summers of 2013, 2018 and 2019. In
autumn 2018, OA showed higher mass concentration
during the night hours (2-7 h) and lower mass
concentration during the daytime (12-19 h), but there
was no clear diurnal trend in 2013, 2014, and 2016.
Diurnal patterns of organic nitrates NOszorg and
inorganic nitrates NOzqnorgy Were examined separately.
NOszcorg) (spring, summer, and autumn). NOzgnorg iN
spring presented the same diurnal trends as organic
aerosols by varying between the (2-7 h) maximum and
(12-19 h) minimum concentrations. Whereas NOznorg)
during the summer and autumn was not presenting
the clear diurnal trend. In the years 2013, 2016, 2018,
and 2019, NH,4 did not showed a clear diurnal trend in
any of the three seasons. Except in spring 2014, when
NOz(norgy daytime (10-15 h) mass concentrations were
higher than nighttime (1-10 h) concentrations.

Ammonium-derived aerosol particles can be
produced in the form of NH4NOz and (NH4),SOy,
which are produced when HNOs and H,SO, are
neutralized with NHz [2]. In 2018, higher SO4 mass
concentrations were observed during the daytime (12-
19 h) compared to the night time (1-6 h). The formation
of SO, derived aerosol was likely occurring by the
oxidation of gaseous precursor SO,, followed by the
formation of particles by the condensation. The diurnal
trend of biomass burning (BB), transportation (TR),
and other man-made (MM) emitted organic aerosols
were investigated which was not showing clear diurnal
pattern. In addition, the acidity (H*aer) and
stoichiometric neutralization ratio of submicron aerosol
particles were calculated and analyzed. This research
might lead to a better understanding of atmospheric
chemistry on a local and global scale.
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Fig.1. Main aerosol chemical composition of three
seasons (spring, summer and autumn) in the year 2013,
2014, 2016, 2018 and 2019.
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Fig. 2. Five years diurnal trend of (A) OA, (B) NOzorg),
(C) NOszanorg)y, (D) SO4 and (E) NHa4 for three seasons
(spring, summer and autumn).
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THE ESTIMATION OF ANTHROPOGENIC RADIONULCLIDES
LEVELS IN THE CURONIAN LAGOON DUE TO THE INCREASING
EVIRONMENTAL RISK
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The Curonian Lagoon is a reservoir for the
accumulation of water and sediments of the
Neman River. This is a semi-closed system,
very sensitive to anthropogenic impact and
reflecting the radiological state of the entire
catchment area of the feeding rivers [1]. In the
case of a radioecological emergency at the
Belarusian Nuclear Power Plant, the Curonian
Lagoon will become the first major barrier for
the spreading radionuclides with the waters of
the Neris River to the Baltic Sea (Fig 1).

In this work, we tried to characterize the
current radioecological state of the Curonian
Lagoon due to the increasing environmental
risk. In the area of the Curonian Lagoon, the
activity of such anthropogenic radionuclides
as 3H, 239240py, 24Am, ¥7Cs was measured in
environmental samples. The obtained values

will help in the future to assess the
radiological impact of the NPP on the
environment of the Curonian Lagoon.

Fig 1. Water connection of the Curonian lagoon
with the NPP area
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EVALUATION OF NOVEL CORONAVIRUS SARS-COV-2 NUCLEOCAPSID
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SARS-CoV-2 outbreak started at the end of
2019 and is still a major global public health
concern. With 219 million cases and 4.5 million
deaths (as of October, 2021) various methods
of quick analyses are needed, for either
antibody or antigen detection, especially in
populations where herd immunity is not yet
achieved. SARS-CoV-2 is a virus consisting of
4 structural proteins: envelope, membrane,
spike and nucleocapsid. This work focuses on
the nucleocapsid protein and its‘ interaction
with specific antibodies [1].

During the infection process the nucleocapsid
protein enters the host cell with viral RNA to
begin virus particle replication. Nucleocapsid
protein is highly immunogenic and can be
detected in high concentration during an
infection with SARS-CoV-2. Thus, while
infected the host produces high amount of
specific antibodies targeting spike and
nucleocapsid proteins to combat the infection
[2].

For the development of SARS-CoV-2 tests for
either nucleocapsid antigen or antibody
detection, information based on
antigen/antibody binding kinetics is needed.
To obtain such results variuos methods are
utilised, however, non-destructive, label-free
tools are of great importance [3]. Thus, recent
attention is directed on the application of
optical methods. One of such methods is
spectroscopic ellipsometry, in total internal
reflection mode (TIRE). Using TIRE,
spectroscopic ellipsometry is combined with
surface plasmon resonanse effect to achieve
high sensitivity. Due to, spectroscopic
ellipsometry registering two parameters v
(light intensity amplitude) and A (light phase
shift after reflection) simultaneously it is
reported to be more accurate in detecting
mass changes in the solid/liquid interface
than commercial SPR, where only light
intensity is registered. Thus, TIRE can be
successfully applied for antigen/antibody
affinity interaction evaluation [4].

In the presented work, we have evaluated the
SARS-CoV-2 nucleocapsid protein interaction
with specific antibodies isolated from
immunized mice using TIRE method.
Calculations of steric factor concluded that
the complex formation requires strict
orientation parameters. A mathematical
model was applied to calculate rate of
association, dissociation and affinity
constants. Additionally, thermodymic
parameters of antigen/antibody complex
formation were evaluated.

References

[1] R. Lu et al., “Genomic characterisation and
epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor
binding,” Lancet, vol. 395, no. 10224, pp.
565-574, Feb. 2020, doi: 10.1016/50140-
6736(20)30251-8.

[2] Y. Cong et al, “Nucleocapsid Protein
Recruitment to Replication-Transcription
Complexes Plays a Crucial Role in
Coronaviral Life Cycle,” J. Virol., vol. 94, no.
4, pp. 1-21, 2019, doi: 10.1128/jvi.01925-19.

[3] |. Plikusiene et al., “Total internal reflection
ellipsometry for kinetics-based assessment
of bovine serum albumin immobilization on
ZnO nanowires,” J. Mater. Chem. C, vol. 9, no.
4, pp. 1345-1352, 2021, doi:
10.1039/d0tc05193d.

[4] |. Plikusiene et al., “Evaluation of kinetics
and thermodynamics of interaction
between immobilized SARS-CoV-2
nucleoprotein and specific antibodies by
total internal reflection ellipsometry,” J.
Colloid Interface Sci., vol. 594, pp. 195-203,
2021, doi: 10.1016/].jcis.2021.02.100.


mailto:vincentas.maciulis@ftmc.lt

FIZINIY IR
TECHNOLOGIJOS MOKSLUY

IE-;- @ CENTRAS

"

| 12@eéh
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sunkaus Uminio kvépavimo taky
koronaviruso (angl. SARS-CoV-2)

Spartus
sindromo

iSauges medicininiy kaukiy ir veido respiratoriy,
filtruojanciy aerozolio daleles, poreikis sukélé jy
tridkuma tiekimui, todél buvo rekomenduojama
juos naudoti tik sveikatos priezidros jstaigose. Dél
Sios priezasties WHO (angl. World Health
Organization,) pasitlé visuomeninése vietose
naudoti nemedicinines veido kaukes pagamintas
i$ jvairaus audinio, siekiant sumazinti SARS-CoV-
2 perdavima oro laseliniu bddu. Nors gaminiy,
naudojamy kvépavimo taky apsaugai, saugumas
kiekviename kokybés standarte nagrinéjamas ir
reglamentuojamas skirtingai, taciau visuomeniniy
kaukiy kokybé gali bGti uztikrinta jvertinus dvi
pagrindines  tekstilés medziagos savybes:
filtravimo efektyvumg (FE) ir slégio kritimg (&P )
visame medziagos plote.

Siame tyrime buvo remtasi CWA 17553:2020
standartu (angl. CEN workshop agreement), kuris
nustato minimalius reikalavimus medziaginéms
kaukéms. Tyrime naudojami tekstilés audiniai
buvo klasifikuojami pagal gaminimo bdda: austi
arba megzti [1]. Daugiasluoksniai ir misras
audiniai, arba nezinomos struktiros medziagos,
buvo klasifikuojami kaip kompozitiné medziaga.

Tyrimui naudotas aerodinaminis aerozolio
spektrometras (APS). Aerozolio dalelés buvo
generuojamos naudojant NaCl 2% tirpala. Slégio
kritimas (AP) buvo matuojamas metodu, aprasytu
14683:2019+AC standarte. FE buvo vertinamas
taikant aerodinaminio skersmens Dso ekvivalentg,
kuris nusako, kad 50% tiriamo dydzio daleliy yra
nufiltruojama. Mazesnés Dso vertés atitinka
aukstesnj filtravimo efektyvumg ir atvirksciai. IS
FE eksperimenty su medicininémis veido
kaukémis apskaic¢iuota, kad dviejy tipy kaukiy
(kaip nurodyta 14683: 2019+AC standarte)
ekvivalentinés Dsp vertés yra Dso <1,6 ym | tipo ir
Ds50<1,3 um Il tipo kaukéms.

Sujungus AP ir FE duomenis, galima jvertinti
skirtingy tekstilés gaminiy nasuma. Audiniy
tyrimo rezultatai parodé dvi ekstremalias
situacijas: (a) mazas slégio kritimas ir prastas
filtravimas; (b) geras filtravimas ir didelis slégio
kritimas. Austy audiniy pavyzdziy, kurie galéty
atspindéti Siy dviejy krastutinumy tarpine blsena

nenustatyta. Koreliacijos tarp medziagos
pavirSiaus tankio ir jos AP arba FE verciy
nenustatyta. Tai rodo, kad austos medziagos
efektyvuma nulemia pynimo modelis ir tankis.

Megzty tekstilés gaminiy Dso kito nuo 1,7 iki 3,2 um.
Geresnés filtravimo savybés buvo susijusios su
didesnémis AP reikSmémis, t.y. megztos tekstilés Dso
vertés sieke 175 + 0,05 um. Kompozicinés
medziagos atveju nebuvo nustatytas modelis, kuris
galéty susieti didesnj medziagos AP su geresniu FE.

Tyrimo metu jvertintas kokybés parametras (Q)
[2] e

_ 1n(1A—Pm) ’ M
kur AP iSreiSkiamas kPa. FE vertés buvo paimtos
iS vyraujancio daleliy dydzio diapazono, BFE (2,5-
3,5 um) ir FFP2 (0,5-2,3 um).

1) [ S A [ |
s |, BFE | : FFP2 | |
~ S001@5:35umy £ 1(05-23um)
¢]
o 25 :
e i
£ 20] :
g |
8 15T !
8 i
T t
_g 10 \
(] |
X 5 T
: =
0 + -+ + +
Aus. Meg. Kom. Aus. Meg. Kom.

Medziaga

1 pav. Istirty bandiniy, sugrupavimas pagal medziagos
tipa, ir ju kokybés parametro (Q) jvertinimas daleliy
dydziy intervaluose BFE ir FFP2.

Padéka: Lietuvos, Jungtinés Karalystés (JK) ir
Ukrainos jungtinés mokslinés veiklos projektas
(angl.,, Joint United Kingdom, Lithuania and
Ukraine project - evaluation of nanoparticles from
Coronavirus safety perspective,) buvo remiamas
Jungtinés Karalystés ambasados Lietuvoje.
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In recent years, plastic has become one of the
most widely used materials. In 2018 global
plastic production reached 359 million tons, in
2019 - 368 million tons [1]. In 2020, the amount
of plastic waste significantly increased due to
COVID-19 pandemic (approximately 3.4 billion
single-use facemasks or face shields are
discarded every day) [2]. Plastic pollution is
described as one of the most pressing
environmental issues.

Plastics can be described as a synthetic or semi-
synthetic high molecular weight polymers that
are typically obtained by polymerization of
monomers. Microplastics (MPs) are particles
with a size less than 5 mm and are divided
into two main types according to their origin.
Primary microplastics are small particles
produced for commercial use. Mostly they are
found in household products such as: cosmetics,
personal care products, cleaners, detergents.
Due to chemical, biological and mechanic
processes, the larger plastic breaks down into
small fragments. This type of microplastic
particles is identified as secondary [3].

Research on microplastic effects to human
health and aquatic ecosystem are still limited
and not fully investigated. However, the newest
research represents the negative impact of
microplastic particles on the marine and
freshwater ecosystem. The extremely small size
of MPs allows it to be swallowed by aquatic
organisms. In this way, the microplastic can
enter the food chain and accumulate in higher-
level organisms [4]. In addition, plastic contains
wide range of additives (stabilizers, antistatic
agents, flame retardants, biocides). When the
additives are not chemically bonded to the
polymer molecules, they can be easily released
from the plastics and cause toxic, carcinogenic
or endocrine disrupting properties. Furthermore,
microplastics serve as carriers of toxic chemicals,
such as heavy metals, and microbial pathogens
in the environment [5].

There are many pathways by which microplastic
particles from our daily life can be released into
the environment. Although wastewater
treatment plants (WWTP) demonstrate a high
efficiency in removing various sizes organic and

Error! AutoText entry not defined.

inorganic materials, microplastic particles are so
tiny (0,02 -0,5 mm in size) that there is a big
challenge to remove them. As a result, part of
the microplastics is transferred from wastewater
to the marine and ocean circulation system.

This work presents the determination and
characterization of microplastics in WWTP.
Results review the abundance of microplastic
particles in size range from 10 um to 1000 um,
they characteristics as well as removal efficiency
at different stages of wastewater treatment plant.

Research on microplastic properties in
wastewater treatment plant could be the first
step in improving our environment and finding
new innovative methods.
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Scientists, other Researchers and Students
through Practical Research Activities” measure.
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TARSOS AEROZOLIO JUODAJA ANGLIMI LYGIO
NUSTATYMAS PESTIESIEMS IR DVIRATININKAMS SKIRTOSE VIETOSE
VILNIAUS MIESTE

Agné Minderyté, Steigvilé Bycenkiené

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

Oro kokybés uztikrinimas ir klimato kaita yra du
aktualiausi XXI amziaus aplinkosaugos isstkiai.
Siuo metu 2% sausumos ploto uzimantys
pasaulio miestai sudaro 70% visy Silthamio
efekta sukelianciy dujy ir kity terSaly iSmetimy j
aplinkos ora. Saliy vietos ir nacionalinés valdzios
institucijos jgyvendina politikg ir strategijas
siekdamos sumazinti antropogeninius iSmetimus
j aplinkos org ir pagerinti oro kokybe.

Juodoji anglis (angl. Black Carbon (BC)) yra
aerozolio daleliy komponenté, pasizyminti
stipriausia Sviesos sugertimi, susidaranti degant
iSkastiniam kurui ir kietajam biokurui nepilno
degimo sglygomis ir galinti atmosferoje islikti iki
dviejy savaicCiy [1]. Vienas pagrindiniy tarsos
Saltiniy yra automobiliy keliama tarsa, Kkuri
daugiausiai koncentruojasi miestuose ir yra
pagrindiné aplinkos oro kokybés problema
juose [2]. Lietuvos oro kokybés stebéjimo
stotys matuoja pagrindiniy tersaly vertes,
kuriems galioja aplinkos oro uzterstumo
Nnormos, nustatytos Zmoniy sveikatos,
ekosistemy ir augmenijos apsaugai. Stociy
informacija reprezentuoja bendrus lygius,
vyraujancius pasirinktoje vietovéje, taciau negali
atspindéti lygiy sinchronizuoty su Zmogaus
judumo mardrutu mieste. Sio tyrimo metu
nagrinéti miesto oro kokybés pokyciai, t.y.
juodosios anglies maseés koncentracijos
svyravimai, patiriami keliaujant pésciomis ir
dviraciu Vilniaus mieste bei tarsos saltiniy indélj.

Siame tyrime naudotas modernus mikro-
Aetalometras, skirtas matuoti BC ekvivalentinés
masés koncentracijg ir nustatyti tarSos lygj
mobiliame rezime keliaujant pésciomis
skirtingose miesto aplinkose. Stacionarils
juodosios anglies sudétyje turinéiy aerozolio
daleliy tyrimai buvo atlikti naudojant 7 bangos

ilgiy Aetalometru (Magee Scientific, EA31),
Vilniuje, miesto tarsos foninj lygj atspindincioje
vietovéje, 2021 m. liepos meén. Siekiant
nustatyti tarSos erdvinj pasiskirstymg, buvo
nustatyta, kad keliaujant dviraciy ir pésciyjy
takais patiriamas tarSos poveikis yra iki 16,6
karty didesnis nei foninéje miesto aplinkoje.
Tai svarbi informacija rengiant darnaus miesto
planavima.
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1 pav. Juodosios anglies ekvivalentinés masés
koncentracijos pasiskirstymo staciakampé
diagrama skirtingose aplinkose.
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JUODYJY SKYLIY AKRECIJOS IR GR]ZTAMOJO RYSIO
SKAITMENINIO MODELIAVIMO TOBULINIMAS

Matas Tarténas, Kastytis Zubovas

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

Galaktiky centruose egzistuojanciy
supermasyviy juodyjy skyliy (SMBH) jtaka
stebima jvairiuose masteliuose. Praeityje
vykusiy maitinimosi ir atktyvumo tarpsniy
pasekmeés stebimos ir po 100 tukst. ar 1 min.
m. - musy Galaktikoje tai ~100 pc rentgeno
burbulai ir ~10 kpc Fermi burbulai. Sis rysys
tarp SMBH maitinimo/aktyvumo ir poveikio
tarpzvaigzdinei terpei (ISM) reiskia, kad svarbu
teisingai atsizvelgti | griztamojo rysSio laiko
skale, taciau itin dideli erdviniy masteliy
skirtumai daro tiesioginj Siy  procesy
modeliavimag labai sudétingu.

Siame darbe pristatomas subraiskinis akrecijos
ir jos kuriamo griztamojo rySio aprasymas.
Kartu su SMBH sekamas standartinis plonas
akrecinis diskas. Toks akrecinio disko modelis
leidzia atsikratyti laisvai parenkamo klampos
laiko skalés parametro, naudojamo dirbtinai
létinant akrecijos spartg ir leidzia detaliau sekti
akrecinio disko parametry kitimg laike ir kartu -
jo kuriamg griztamajj rysi.

Pagrindiné a-disko pavirsSinio tankio evoliucijos
lygtis [11]:
ox 3 0 (R, — R,)” (1)

9t R;0R | /R,(R
9 3/2 Ri*%Rg
)y
8R< B, (R, — R,)?

g
Gaunama pritaikius potencialg [2]:
B BH
¢= R,— R, (2)

Cia R, tai atstumas i-tojo Ziedo iki sistemos
centro, R, - Svarcsildo spindulys, o Mgy yra
SMBH masé. Klampa aprasoma kaip, v = ac,H,
kur ¢, yra garso greitis, H yra disko aukstis, o
a =0.1[3]. Disko evoliucijai taikomas atskiras
adaptyvus laiko zingsniy parinkimo kriterijus,
sinchronizuojamas su pagrindiniu modeliu ties
SMBH laiko zingsniais.

Akrecinio disko Sviesis L gaunamas
apskaiciavus ir susumavus kiekvieno iS diskg
sudaranciy ziedy swesl

()_2/ D(R;)2nR,dR, (3)

kur D(Ry), tai klamp|0J| disipacija pavirSiaus
vienetui apskaic¢iuojama pagal:

3GMguM R; — R,

D(Ri)zg 7rR?/z (Ri_%Rg)2

(4)

R3/2 33/2 /7Rg

R,—R, 2
Cia M, tai juodosios skylés akrecijos sparta.
Akrecinis diskas iSspinduliuoja apie 6.25%
SMBH prisijungtos medziagos ramybés maseés
energijos.

Metodg testavome modeliuodami susidlrimg
tarp dujy Zziedo ir jkrentancio dujy debesies |
Pauks¢iy Tako centrg panasioje aplinkoje
pasitelke Gadget-3 [4] hidrodinaminj koda. Po
susiddrimo  pradinis toro formos Ziedas
iSardomas; per ~200 tukst. m. ~30% pradinés
dujy masés prijungiama prie akrecinio disko.
Akrecinis diskas maitinamas netolygiai, tadiau
SMBH pasiekia daug tolygesnis dujy srautas,
todél maitinimas vyksta ilgesnj laika. Per
aktyvumo epizoda i aplinkine ISM
paskleidziama ~10°® erg energijos - tai lemia

karsty burbuly iskilimg statmenai naujai
susiformavusio disko/ziedo plokstumai.
1.0 F ___'MBH —
VoM
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1 pav. Normuoty SMBH (raudona) ir akrecinio
disko (meélyna) maitinimo sparty kitimas laike
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INFLUENCE OF PARABOLIC AlGaAs BARRIER
ON THE PHOTOLUMINECENCE OF GaAsBi QUANTUM WELLS

Monika Jokubauskaité, Evelina Dudutiené, Simona Plkiené, Bronislovas Cechavicius,
Mindaugas Karalilnas, Renata Butkuté

Center for Physical Sciences and Technology, Department of Optoelectronics
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Large bowing and lower temperature
dependence of GaAsBi band gap make it suitable
for a variety of potential longer wavelength
optoelectronic applications, such as infrared
light-emitting diodes [1], photodetectors [2], solar
cells [3], etc. However, the challenge to grow
larger Bi content containing GaAsBi quantum wells
(QWs) with the efficient photoluminescence (PL)
intensity remains and the optimization of the
GaAsBi QWs design is essential.

This work presents a temperature- and
excitation- dependent PL study of different
GaAsBi/AlGaAs single quantum wells with
parabolic barriers (PQW) grown by molecular
beam epitaxy technique (see Fig. 1).

It was demonstrated that PL intensity of GaAsBi
QWs with rectangular barriers is quite weak at
room temperature. Moreover, the emission
intensity from QWs grown under similar
conditions can vary by several times.
Nevertheless, the PL spectra of GaAsBi QWs
with parabolic barriers demonstrate up to 50
times higher PL intensity and the enhancement
of PL is reproducible within the range of growth
parameters. The observed increase in PL
intensity for GaAsBi PQW can be explained by
more efficient photoexcited carriers trapping
within QW. The Gobel et al. [4] revealed that
trapping efficiency is ~15% higher for QW with
parabolic barriers than for the same QW without
graded confinement. Furthermore, the
temperature-dependent PL study showed the
carrier localization within GaAsBi PQW caused
by nonhomogeneous Bi distribution and width of
QW variation. The localized carriers have lower
probability to be captured by the non-radiative
recombination centres, that leads to enhanced
radiative recombination. Moreover, the carrier
localization self-organised nature explains the
stability of optical properties over the growth
conditions [5].

The comparison of all the investigated GaAsBi
SQW with parabolic AlGaAs barriers showed
that one of the investigated GaAsBi PQW differ
from the others. Sample VGAO145 had the
highest PL intensity and behaved differently
when the photoexcitation intensity was
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Fig. 1. (@) Temperature-dependent PL spectra of
GaAsBi QW with parabolic AlGaAs barriers (sample
VGAO144). (b) Excitation-dependent PL spectra of all
investigated GaAsBi QW with parabolic AlGaAs
barriers at room temperature.

increased. Therefore, sample VGAO145 are
studied in detail and the latest findings will be
presented in the presentation.
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GaAsBi KVANTINIY DUOBIY ATKAITINIMAS MBE REAKTORIUJE
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Naujy medziagy paieska, funkcionuojanciy NIR
srityje kambario temperatdroje, yra labai aktuali
kuriant naujus prietaisus ir manipuliuojant jy
parametrais. Mokslininkai fokusuojasi j aktyviosios
terpés matmeny mazinima, pereidami prie
kvantiniy reiskiniy, kuriuos sukuria kvantiniai
dariniai, tokie kaip: kvantinés duobés, kvantiniai
taskai, kvantinés vielutés ir t.t. Kvantiniai dariniai
leidzia labiau keisti charakteringas savybes
pritaikant jvairius technologinius protokolus,
pavyzdziui, keiCiant kvantiniy duobiy geometrija,
jterpiant pauzes atomy difuzijai, atliekant kaitinimo
procesus skirtus islyginti sluoksniy sanddros ribas.
Be naujy medziagy paieskos mokslininkai daug
fokusuojasi ir j epitaksijos metodiky modifikavimus,
kurie leisty lanksciai kurti funkcines medziagas ir
vykdyti jvairius nanodariniy formavimo efektus.

Sprendziant Sias problemas prieS pora
deSimtmeciy buvo atrasta nauja A3-B5-Bi Seimos
junginiy grupé pavadinta bismidais. Bismidai yra
vieni IS perspektyviausiy junginiy infraraudonujy
bangy srityje dél savo unikalios savybés -
draustiniy energijy tarpo valdymo As pakeiciant
Bi. Vos 1% Bi sumazina draustinés energijos
juostos plotj net iki 88 meV [1]. Teoriskai
pademonstruota, kad pasitelkiant GaAs
platforma trinariy GaAsBi junginiy draustiniy
energijy tarpa galima keisti nuo 1,42 eV iki 0,75
eV [2], kas atitinka spektrine sritj nuo 875 nm iki
1500 nm. Be to Sie junginiai pasizymi zymiai
silpnesne nei kiti tradiciniai optoelektronikos
puslaidininkiai draustinés energijos juostos
priklausomybe nuo temperatiros [3]. Taigi,
tikétina, kad jy pagrindu pagaminti lazeriai
puikiai veikty kambario temperatlroje be
papildomo ausinimo.

Sio darbo pagrindiniai tikslai yra istirti
atkaitinimo jtakg Bi kvantiniy tasky susidarymui
bismiduose ir atskleisti susidarymo
mechanizmus. Technologiné studija leis istirti
galimybe A3-B5-Bi kvantinius darinius pritaikyti
lazeriniy diody ir Sviestuky aktyviojoje terpéje.

Kvantiniy dariniy technologiniy salygy
optimizavimas darbe yra atliekamas naudojant
molekuliniy  pluosteliy  epitaksig (MBE) ir
pasitelkiant trinarius bismidinius junginis GaAsBi
bei in-situ  atkaitinima kvantiniy  tasky

formavimui. MBE optimizavimo procese
pagrindinis démesys yra skiriamas kvantiniy
barjery ir duobiy sudéties ir geometrijos (duobés
ir barjero plociui, formai) paieskai, jvertinamas
kvantiniy duobiy skai¢iaus poveikis optiniams
parametrams. Bandiniai charakterizuojami
atliekant liuminescencijos (PL) matavimus,
pavirSiaus morfologinius tyrimus, struktdriné
kokybé vertinama skenuojanciuoju elektrony ir
persvieCiamuyjy elektrony mikroskopais.

PL rezultatai parodé, kad bandiniy emisijy
smailés svyruoja 1,035 - 1,18 eV intervale, atkaitinus
bandinius, jy intensyvumas iSauga 100 kartuy.
PersvieCiamuyjy elektrony mikroskopija jrode, jog
auginant susidaro kvantinés duobés, o po
atkaitinimo susiformuoja kvantiniai taskai.
Optimalios GaAsBi kvantiniy duobiy su kvantiniais
taskais auginimo salygos: padéklo temperatara
380-430°C, atkaitinimo temperatira 700-750°C,
As/Ga srauty santykis artimas 1.

PL 300K, DPSS 532nm 190mW

2xPQW GaAsBi atkaitintas
120 2xPQW GaAsBi po auginimo

x100

100

80

60
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a) Energija (eV)

s \~ N / s GaAsBi QW + QD after annealing
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1 pav. GaAsBi (a) PL spektrai (b) STEM
nuotraukos be ir su in-situ atkaitinimu.
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KVANTINIYU DUOBIY INFRARAUDONOSIOS SRITIES
FOTODETEKTORIUS, VEIKIANTIS KAMBARIO TEMPERATUROJE

Karolis Redeckas, Ignas Grigelionis, Vladas Cizas, Vytautas Jakstas,
Renata Butkuté, Andrius Bicilinas Linas Minkevicius

Fiziniy ir technologijos moksly centras, Optoelektronikos skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: karolis.redeckas@ftmc.It

Puslaidininkiniy  dvimacdiy struktiry fizika ir
technologija leido sukurti tokius optoelektronikos
prietaisus kaip kvantiniy duobiy infraraudonosios
spinduliuotés fotodetektoriai (QWIP) [1].
Puslaidininkiy GaAs/AlGaAs technologija QWIP
gamybai yra gerai iSnagrinéta sritis, leidzianti
sukurti mazesniy kasty reikalaujancig alternatyvg
HgCdTe infraraudonosios spinduliuotés
detektoriams [2]. Neretai siekiant pagerinti QWIPs
detektoriy jautrumg ir reakcijos laikg, jie Saldomi
skystu azotu [3]. Taciau dél paprastumo ir galimo
pritaikymo pla¢iam naudojimui (gamybiniy procesy
kontrolé, dujy detekcija), infraraudonosios
spinduliuotés detekcija kambario temperatiroje yra
pagrindinis tyrimy objektas.

Siame darbe buvo nagrinégjama FTMC sukurty
skirtingy QWIPs detektoriy darbo tasko jtaka atsako
signalui bei dazninés charakteristikos kambario
temperatiroje. Detektoriaus registruotas spektras
turéjo atvaizduoti bangy ilgiy sritj, kuriose
pasireidkia didZiausias jautrumas. Tirtieji detektoriai
buvo pagaminti taip, kad jy rezonansinis atsakas
bdty 7-10um bangos ilgiy diapazone (atmosferos
langas), leidzianti pritaikyti QWIP detektoriy dujy
detekcijai [4].

Matavimams buvo naudojamas »Nicolet
8700“ spektrometras, naudojantis absoliuciai juodo
kdino spinduliavimg ir Maikelsono interferometra. 13
spektrometro iSeinanti kolimuota spinduliuoté
paraboliniu veidrodzZiu (f=5 cm) buvo fokusuojama
ant QWIP, kuris yra indZiu priklijuotas prie metalinio
laikiklio geram Silumos nuvedimui.. Prie§ pasiekiant
detektoriy spinduliuoté yra mechaniskai
moduliuojama naudojant malineélj (sukimosi daznis
200 Hz). Tokia optinio signalo moduliacija ir jtampos
daliklis, sudarytas i$ reguliucjamo rezistoriaus ir
QWIPs detektoriaus, leido ,lock-in“ stiprintuvu
iSmatuoti sugeneruotg fotosrove.

Matuoty QWIPs detektoriy pagrindinis tarpusavio
skirtumas yra virSutiné gardelé-kontaktas. Skirtingi
gardeliy periodai ir wuzpilda lemia kitokius
difrakcijos kampus infraraudonajai spinduliuotei.

IS iSmatuoty rezultaty (1 pav.) matome, kad 1200
cm! daznio aplinkoje geriausia jautruma rodo G#3
detektorius, kurj dengia difrakciné gardelé su 8 ym
periodu. Vis dél to, QWIPs'y jautrumo smailés
1200cm-! aplinkoje yra tik nezymiai auk$tesné, nei
aplinkiniy dazniy.

Padeklas VGA0672, skirtingos gardelés

— 2um/4um (g#1)
—— 3um/6um (g#2)
—— 4um/Bum (g#3)
—— 5um/10pm (g#4)

Signalas/Atraminis signalas [s.v.]

VY

i . )
1000 1500 2000 2500 3000 3500 4000 4500 5000
¥ [em~?]

1 pav. Skirtingy gardelés periody QWIP detektoriy
atsakas atitinkamy spinduliuotés dazniy diapazone.

AlGaAs 300A

AlGaAs 300A
GaAs 50nm
‘ (R T90P TOP VRO H 0 Padéklas
2 pav. QWIP detektoriaus gardelé ir schematiSkas jo
skersinis pjavis.
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TERAHERCINIO VAIZDINIMO TAIKYMAS MENE IR PRAMONEJE

Benas Buzinskas, Rusné lvaskeviciuté, Domas Jokubauskis, Linas Minkevicius

Fiziniy ir technologijos moksly centras, Optoelektronikos skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: benas.buzinskas@ftmc.It

Siy dieny technologijy vystymasis vyksta
eksponentisSkai greitai. Kasdien stebint naujausias
technologijas, galime atkreipti démesj ir j bandymus
vis pladiau panaudoti teraherciniy (THz) dazniy
ruoza (0,1 THz — 10 THz). Pirmieji terahercinés
spektroskopijos vaizdinimai buvo atlikti T.S
Hartwick [1] ir jo kolegy dar 1976 m. naudojant
molekulinj THz lazerj. Nors THz bangos spektre
iSskirtos tik daug véliau nei kitos elektromagnetinés
bangos, taciau Sios spinduliuotés taikymas yra labai
platus. THz bangos gali bati naudojamos apsaugos
sistemoms pagerinti, medicinoje nustatyti odos
ligoms, prietaisams aptinkantiems maisto defektus
ir net mene [2]. Siy bangy savybés gali puikiai
pasitarnauti ieSkant seny paveiksly autoriy arba
norint aptikti kitus pieSinius, esancius po virSutiniu
dazy sluoksniu (senovéje drobés buvo labai
brangios ir manoma, kad tapytojai vieng drobe
panaudodavo daugiau nei vienam piesiniui.).

Panasus bandymas buvo atliktas ir ank$ciau, jj
atlikusi C.L.Koch-Dandolo su kolega P.U.Jepsen,
spektroskopinj vaizdinimg atliko atspindyje bei
panaudojo terahercine laiko skyros spektroskopija.
Sis metodas yra neinvazinis, galintis i$ esmés gauti
3-D duomenis [2].

1 pav. Eksperimento metu naudotas bandinys.
a) Pirmo sluoksnio, grafito pieStuku piestas, vilko
atvaizdas. b) Antro sluoksnio, akriliniais dazais piestas,
avies atvaizdas.

THz vaizdinimo tyrimams, pirmiausia ant kartono
lapo (storis 3,31 mm) grafito pieStuku buvo
nupiestas vilkas (1 pav. a)), ant jo virSaus akriliniais
daZais buvo nutapyta avelé. I3orinis pieSinys buvo
nutapytas taip, kad akimis bty nejmanoma jzvelgti
pieStuku piesto vilko (1 pav. b)). Pirmieji
pralaidumo eksperimentai buvo atlikti su 100 GHz
Saltiniu ir microbolometriniu [3] detektoriumi
taikant signalo registravima sinchroninés detekcijos
metodu (moduliacija 1053 Hz), vaizdinamo tasko
dydis sieké dydis 0,5 x 0,5 mm?, skanavimo greitis

50 mm/s, paraboliniy veidroziy pagalba terahercy
spinduliuote buvo fokusuojama j kiekvieng bandinio
taskg atliekant taskinj skanavima.
Tolimesni eksperimentai buvo atlikti ties FIRL100
lazeriu, kurio spinduliuojamas THz daznis buvo 0,76
THz. Vieno vaizdo uzraSymo trukmé priklauso nuo
skanavimo greicio, kurj galime keisti, taiau kuo
mazesnis skanavimo greitis tuo matavimai yra
tikslesni, tad vienas skanavimas gali uZtrukti iki 5
min, kai bandinio dydis 18 cm x 13 cm.
Dél grafito ir metaly savybés atspindéti THz
elektromagnetines bangas, i§ gauty rezultaty,
galime puikiai matyti pirminj piesinj (2 pav.). Grafitas,
sugeria THz. Pirminis pieSinys buvo iSry8kintas
taikant skaitmeninj duomeny apdorojimg. THz
vaizdinimo metodai yra tinkami nedestrukciniu
metodu identifikuoti skirtingus paveiksly sluoksnius.
Signal (mV)
19

11

0 20 40 60
X (mm)

2 pav. Paveikslo pirminio sluoksnio vaizdas ties 0,76
THz. Pikselio dydis 0,5 x 0,2 mm?, vaizdg sudaro 60040
pikseliy.
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INVESTIGATION OF 3D NiMo COATINGS DECORATED WITH Au
PARTICLES FOR BOROHYDRIDE OXIDATION

Sukomol Barua, A. BalciGnaité, F. Visnevskaja, J. Vaicilniené,
L. TamasSauskaité-Tamasitnaité, E. Norkus

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

This work describes a simple proposition for
preparing low Au(NiMo)/Ti-based catalysts
via chemical and electrochemical methods. At
the beginning, NiMo foams were electroplated
on the Ti (Ixlcm) surface from a bath
containing 0.01 M Na;MoQ4, and 0.01, 0.1, and
0.5 M NiSO4 in an acidic condition. The
electrochemical deposition process was
brought off at the current of 0.1 mA and 1T mA
for 3 min. The gold crystallites were deposited
on the previously prepared NiMo/Ti
electrodes by their immersion into an acidic
Au-containing solution (pH=1.8) for 10 s. The
morphology and composition of the newly
prepared catalysts have been investigated via
SEM, XRD, EDS, and |ICP-OES. The
electrocatalytic properties of the prepared

Au(NiMo)/Ti catalysts for sodium
borohydride oxidation were investigated by
recording cyclic voltammograms in an
alkaline medium of 0.05 M NaBH4 at a
different potential scan rate at a temperature
of 25 °C. Chronoamperometric measurements
of the prepared Au(NiMo)/Ti catalysts were
carried out at -0.1V vs. SCE for 30 min in 0.05
M NaBH4 at 25 °C.

This proven higher catalytic activity of the
prepared Au(NiMo)/Ti catalysts can be
examined under some conditions, e.g., pH,
temperature, and loadings of Au
nanoparticles maintaining their fine and
uniform dispersion, which may lead to a
promising anodic material for DBFCs.
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COMPARISON OF IN-SITU AND EX-SITU INVESTIGATIONS OF
ULTRATHIN SPUTTERED SILVER FILM GROWTH

Alexandr BelosludtseV', Anna Sytchkova?, Naglis Kyzas', Ignas Bitinaitis',
Rimantas Simniskis', Ramutis Drazdys'

ICenter for Physical Sciences and Technology, Department of Laser Technologies
Saulétekio av. 3, LT-10257 Vilnius, email: ignas.bitinaitis@ftmc.It

2Qptical Coatings Group, ENEA Casaccia, via Anguillarese 301, Rome 00123, ltaly,
email: Anna.Sytchkova@enea.it

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 in-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 12 nm. 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

Coalescence — = Percolation ===fs . R
Seperate islands =—— Coalescence — Investigation
AI O 100 1l i
AlLO, ALO, o | 2 _
o) 2 80+ Wavelength 800 nm |
Aaaana Aafas al . b
E % 60 Modeled
c |
o £
£ 404
Substrate Substrate SubEEE &
£ ®lin-situ
= Percolation = Percolation —_—1 Continious film 2 T
10 RS
Al,0, ALO, ALO, 4 2 £
= - w YTV w vy © 9,101 3 E § E [
P = 2 o 810 3 IR I
= RERIVAVATY - g £ gio] ¢ S N
= %) [} o & S
2 o 102] G - 5 r
Substrate Substrate 10 eX-Sltu =
0 5 10 15

Thickness (nm)

Fig. 1. Schematic of the coating model. Sample 1 - initial seeds; Samples 2 and 3 merging of seeds into bigger

particles.

Sample 4 - initial percolation as formation of a denser top sub-layer; Sample 5 - percolation

proceeds as densification of the bottom sub-layer. The bilayer describing silver film in samples 4 and 5
consists of two effective media. Sample 6 - formation of a continuous silver film, the coating may be

considered as a bilaver of flat dense silver and alumina.
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SiO, PLONY SLUOKSNIY SINTEZE ATOMINIO STORIO NUSODINIMO
METODU NAUDOJANT SKIRTINGUS PIRMTAKUS IR OKSIDATORIUS

Mantas Drazdys', Darija Astrauskyté!, Rytis Buzelis!, Tomas Murauskas?, Ramutis Drazdys'

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius,
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Optiniy komponenty, optiniy dangy, naudojamy
lazeriuose ir lazerinése sistemose, gamybai iki Siol
placiausiai naudojamos fizinio gary nusodinimo (PVD —
angl. k. physical vapor deposition) technologijos. Taciau
tobuléjant lazerinéms technologijoms atsiranda poreikis
tokiy komponenty, kuriy gamyba naudojant PVD
technologijas neuztikrina reikalaujamy optiniy dangy
charakteristiky dengiant sudétingos formos optinius
elementus, tokius 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 plonus sluoksnius ALD metodu, padéklai
cikliSkai paveikiami dujiniais pirmtakais. Toks cikliskas
procesas uztikrina pirmtaky reakcijas tik ant dengiamy
pavirsiy ir leidzZia kontroliuoti nusodinamos plévelés storj
angstremo tikslumu [1].

Dielektrinés optinés dangos yra daugiasluoksnés
tikslaus storio plony sluoksniy struktros, kuriose
naudojamos auksto ir Zemo lGZio rodikliy medziagy
kombinacijos. Naudojant ALD metodg nesudétingy
optiniy dangy formavimui, naudojamas aliuminio oksidas
kaip Zzemo lGzio rodiklio medziaga. Terminis aliuminio
oksido ALD procesas yra gerai istyrinétas ir nereikalauja
sudeétingo reaktoriaus dizaino [2]. Taciau sudétingesniy
optiniy dangy formavimui reikalingos medziagos,
pasizymincios didesniu lGzio rodikliy kontrastu. Dél Zemo
lGZio rodiklio ir pladios draustinés juostos silicio (IV)
oksidas (SiO2) yra viena placdiausiai optiniy dangy
formavimui naudojamy medziagy.

Siuo metu SiO2 nusodinimui ALD metodu placiausiai
naudojami pirmtakai yra aminosilanai o galimi
oksidatoriai yra vanduo, ozonas arba deguonies plazma.
Tacdiau terminis SiO2 nusodinimo procesas naudojant
aminosilanus ir vandenj, pasizymi prasta iSeiga ir labai
mazu sluoksnio augimo greiciu [3]. Dél Sios priezasties
SiO2 nusodinimui daZniausiai naudojami deguonies
plazma arba ozonas [4].

Siame darbe buvo tiriami ALD metodu nusodinti SiOz
sluoksniai naudojant du pirmtakus — tris(dimetilamino)-
silanas (TDMAS) ir bis(dietilamino)silanas (BDEAS).
Oksidavimui buvo naudojami ozonas arba deguonies
plazma. Buvo analizuojami SiO2 plony sluoksniy,
suformuoty naudojant skirtingus nusodinimo
technologinius parametrus, optinio pralaidumo spektrai
(1 pav.)

96
9
92

X

= %0 Padéklas
88 I = = =Plazma
86 F | Ozonas
84 . . .

190 390 i rT§QO 790

1 pav. SiO2 plony sluoksniy, nusodinty naudojant
skirtingus oksidatorius, pralaidumo spektrai.

Optiniai nuostoliai UV spektriniame diapazone yra
geras indikatorius plony sluoksniy kokybei jvertinti.
Siekiant iSsiaiskinti galimas optiniy nuostoliy priezastis,
buvo atlikta plony sluoksniy cheminés sudéties ir
stechiometrijos analizé naudojant rentgeno spinduliy
fotoelektrony spektroskopija (XPS — angl. k. X-ray
photoelectron spectroscopy), pavirSiaus SiurkStumo ir
morfologijos analizé naudojant atominiy jégy
mikroskopija (AFM — angl. k. atomic force microscopy) ir
skenuojantj elektrony mikroskopg (SEM - angl. k.
scanning electron microscopy), atlikti pazaidos lazerio
spinduliuote slenksc¢io (LIDT — angl. k. laser induced
damage threshold) matavimai.
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IMPACT OF CESIUM CONCENTRATION ON TRIPLE CATION METAL
HALIDE PERVOSKITE PROPERTIES
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Asta Griguceviciené, Remigijus Juskénas, Konstantinas Leinartas, Andigj Lucun,
Oleksandr Masalskyi, Algirdas Selskis, Algirdas Suziedélis, Edmundas Sirmulis
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Metal halide perovskites and their potential for
new generation of solar cells, photodetectors
and LEDs attract considerable attention in the
field of optoelectronics and has been a topic of
active research for over a decade. Their
excellent band gap tunability, complimented by
high absorbtion in the visible wavelength range
combined with great carrier mobility and long
diffusion lengths, makes them a great
candidate to be used as photoactive layer in
both monolithic and tandem solar cells. In this
study triple cation perovskite layers of the
general form of Csx(MAO.17FA0.83)(100-
x)Pb(10.83Br0.17)3 are analysed, as addition of
cesium makes the triple cation perovskite
compositions more stable due to lesser amount
of phase impurities and decreased processing
sensitivity [1].

Influence of cesium concentration on optical
transmittance of the layers was investigated in
the wavelength range of 300 - 1100 nm. It was
found, that changing cesium concentration
within the triple cation perovskite layers does
not have a noticable effect for the IR
transmittance corresponding to band energy of
silicon. However, the beginning of the
transmittance slope gets blue-shifted as the
amount of Cs increases. Such tendency is also
observed in photoluminescence spectra, with
peaks shifting from 770 nm down to 750 nm
respectively. [2]

Intensity / cps

10 ‘ 20 30 40
20/ deg

Fig. 1. Perovskite XRD patterns. (1 - 0%, 2 - 5%, 3 -
10%, 4 -15% of Cs).

XRD patterns show that addition of Cs
saturates the crystalline perovskite structure
by eliminating phase impurities indicated by
absence of Pbl2 in samples with higher cesium
concentrations. This agrees with measured PCE
graphs, where highest efficiencies are reached
in samples with 10% Cs. However, further
addition of cesium has a negative impact and
the solar cell performance starts to decline.
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Fig. 2. Current-voltage characteristic of the perovskite
solar cell with different cesium concentrations.
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Lazeriniy skaidriy terpiy apdirbimo technologijy
vystymas yra labai patraukli tyrimy sritis siekiant
apdirbti bandinius grei¢iau ir efektyviau. Sioje
srityje Beselio-Gauso pluostai tampa vis
populiaresni dél jiems bldingos ilgos
nedifraguojancios zonos. Lyginant su Gauso
pluostu, Beselio-Gauso pluostu galima daug
efektyviau stikle formuoti mikrokanalus vienu
Saviu [1] arba raizyti jvairius stiklus net iki keliy
milimetry storio [2].

|prastai Beselio-Gauso pluostai yra formuojami
eksikonu - kdginiu leSiu su centre esancia astria
virsane. Deja, net ir mazi nukrypimai nuo tobulo
eksikono formos, o ypac uzapvalinta virsané,
lemia didelj generuojamo pluosto kokybés
mazéjima iSilgai sklidimo aSies [3]. Siekiant
gerinti generuojamo pluosto kokybe ar
generuoti sudétingesnius pluostus, refrakcinis
eksikonas gali biti pakeic¢iamas kitais optiniais
elementais: difrakciniais optiniais elementais,
erdviniu Sviesos moduliatoriumi (angl. spatial
light modulator) ar metapavirsiais [4,5]. Sie nauji
pluosty formavimo optiniai elementai suteikia
laisve generuoti pluostus, kurie turi Besselio-
Gauso pluosto sklidimo ypatumus, bet pakeisti
taip, kad turéty papildomy savybiy
paspartinanciy apdirbimo procesa arba
pagerinant kokybe.

Kontroliuojamam Beselio-Gauso pluosto
generavimui tinka dar vienas metodas - dvejopo
IGzZio nanogardelés, jrasytos kvarcinio stiklo
tdryje [6]. Kadangi galima kontroliuoti Siy
lazeriu jrasyty nanogardeliy ilgj, bei orientacijg
galime keisti pluosty savybes sukuriant specialy
gardeliy skirstinj. Tokie elementai daznai
vadinami geometrinés fazés elementais (GFE).
Naudojant GFE galima formuoti naujus ir
jmantrius Beselio-Gauso pluostus, pavyzdziui,
su elipsés formos centrinés smaile (1 pav.).
Naudojant tokj pluosta galima efektyviai
fabrikuoti kontroliuojamus bei orientuotus
mikrojtrakimus stikle.

Siame darbe yra siekiama skaitmeninio mode-
liavimo pagalba rasti optimaly intensyvumo

skirstinj Beselio-Gauso pluostui su elipsés formos
centrine smaile. Bus sukurtas naujas, optimalus
optinio elemento nanogardeliy skirstinys, kurj bus
galima naudoti stikly raizymui.

1pav. Beselio-Gauso pluosto su elipsés formos
centrine smaile intensyvumo skirstinys.
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SERS-ACTIVE SUBSTRATES BASED ON BLACK SILIKON FOR THE
DETECTION OF ANALYTES WITH A HIGH POTENTIAL FOR
REUSABILITY AND STORAGE
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Surface enhanced Raman spectroscopy
(SERS) is a powerful tool to detect and
investigate materials in low quantities [1]. The
fabrication of stable SERS substrates with
high-enhancement factor and reproducibility
is still one of the hottest subjects in research.
In this study, we present a new generation of
SERS-substrates based on black silicon (bSi)
uniformly coated with gold (Au) [2] and its
cleaning protocol for reusability.

Through all experiment, the 4-mercapto-
benzoic acid was used as model compound

were applied (Fig. 1A). It was determined that
after ten cleaning cycles the enhancement
factor of bSi/Au substrates decreases four
times. Storage of the substrate in an air
atmosphere leads to decreasement of the
signal by 1.8% (C (4-MBA) =103 M, tstorage = 120
days) (Fig. 1B, inset).

Keywords: SERS-substrate,
reusability, enhancement factor.

black silicon,
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SERS-spectra of 4-MBA, (A)-10 cycles, (B)-normalized liozs and lisss. Inset - bSi/Au aging.
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STABILIUJY SIEROS IZOTOPU SANTYKIO IR RADIOANGLIES
METODU TAIKYMAI AEROZOLIY SALTINIY CHARAKTERIZAVIMUI
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Atmosferos aerozolio dalelés susidaro dél
jvairiy natdraliy ir antropogeniniy vyksmu.
Zmogaus sukeliamas emisijas apima Siluminés
jégainés, transporto priemonés, buitinis
Sildymas, atlieky ir biomasés deginimas bei
kitos pramonés emisijos. Nors radioanglies
metodika placiausiai taikoma archeologijoje, ji
taip pat taikoma ir aplinkos moksluose, ypac
Saltiniy charakterizavimo tyrimuose [1].
Stabiliyjy izotopy ir radioanglies metody
derinys leidzia mums iSsamiau atskirti
natdralias ir antropogenines aerozoliy emisijas

[2].

Sio tyrimo tikslas yra sieros ir anglies aerozoliy
Saltiniy charakterizavimas. KD; aerozoliy
daleliy meéginiai buvo renkami Vilniuje, ant
Fiziniy ir technologijy moksly centro stogo,
nuo 2020 m. lapkric¢io 11 d. iki 2021 m. kovo 16
d. Miesto aplinkoje antropogeniné tarsa yra
pagrindinis sulfatiniy ir anglingyjy aerozoliy
Saltinis. Naudojant tik stabiliyjy izotopy
analize, daznai sunku apibldinti Siuos tarsos
Saltinius dél persiklojanciy & verciy intervaluy.
Taciau radioanglies analizé leidzia atskirti
iSkastinj ir biogeninés kilmés kura, nes
iSkastiniame kure visas radioaktyvus ™C
izotopas yra suskiles.

Sieros ir anglies stabilGs izotopy matavimai
buvo atlikti naudojantis stabiliyjy izotopy
mases spektrometru, o radioanglies
matavimai atlikti naudojant vienos pakopos
greitintuvo masés spektrometra. ISmatuotos
534S, 8BC ir “C buvo lyginamos su oro
monitoringo duomenimis ir atgalinémis oro
masiy pernasos trajektorijy modeliais.

Darbo metu iSmatuota, jog atmosferos
aerozolio &3%4S vertés skirtingais laikotarpiais
kito ruoze nuo 1,7 %o iki 6,5 %o su vidutine
3,5 %o verte, o 3'3C vertés kito nuo -26,7 %o iki
-25,7 %o su vidutine -26,2 %o verte. Per visg
méginiy émimo laikotarpj pagrindinis
aerozolio anglies Saltinis buvo biogeninés
kilmés frakcija su vidutine 72,5 %. Anglies
emisijy frakcija svyravo plaCiame intervale
nuo 7 % iki 32 % su vidutine 19 % verte.
Nustatyta, jog \vietiniai tarSos Saltiniai
pasizymeéjo mazesne, o tolimieji - didesne 534S
verte. Toks stabiliyjy izotopy ir radioanglies
analizés metody derinys leidzia iSsamiai
apibudinti sieros ir anglies aerozoliy tarSos
Saltinius.
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DEVELOPMENT OF ELECTROCHEMISTRY-DRIVEN BIOSENSING
METHODS FOR DETERMINING ANTIBODIES AGAINST SARS-CoV-2
PROTEIN
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The ingestion of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) into the
host organism induces humoral immune
responses through the expression of antigen-
specific antibodies. SARS-CoV-2 genome
encodes four main structural proteins, two of
which spike (S) and nucleocapsid (N) generally
act as antigens for specific binding to
antibodies. Biosensors for antigen-antibody
interaction registration (immunosensors) are
commonly used for coronavirus disease 2019
(COVID-19) diagnosis. Electrochemistry- based
immune-sensors are one of the most prevalent
types of sensors due to their rather low cost and
simplicity without sacrificing accuracy and
sensitivity [1].

Our study aimed to develop an appropriate
sensitive electrochemical based biosensor for
the detection of antibodies against SARS-CoV-
2. Recombinant spike protein of SARS-CoV-2
(SCoV2-rS) was wused as an antigen for
antibodies (Anti-rS) and as a sensitive element
in the biosensor. Electrochemical impedance
spectroscopy (EIS) was chosen as the starting
electrochemical approach, as it is a non-
destructive method for exploring the interface
properties of events happening on modified
working surfaces [2].

One of the challenging tasks was to get stable
sensitive element by effective immobilisation of
the antigen on the working gold (Au) surface.
The immobilisation technique used in the optical
method for studying SARS- CoV-2 antigen-
antibody interactions [3] was chosen as the
basis for electrochemical approaches. The
technique was centred on the usage of self-
assembled monolayer (SAM), namely, 11-
mercaptoundecanoic acid (11-MUA). The full
immobilisation method included several stages:
(1) incubation of the Au electrode for a night in
methanol (MeOH) solution of 11-MUA; (2)
activation of terminal carboxyl groups of SAM
with N-(3- dimethylaminopropyl)-N’-ethyl-
carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS); (3) incubation with

SCoV2-rS. Whereupon coupling with Anti-rS
was performed.

EIS measurements after each stage revealed
correspondences between impedimetric signals
and step-by-step modifications of the working
surface. We achieved a trend of significant
increasing electron- transfer resistance on the
key stage of the Anti-rS coupling. However, it has
been found that this immobilisation technique is
not as effective when applied to other
electrochemical techniques, e.g., cyclic
voltammetry (CV) showed that formed SAM is
tightly packed and blocks the Au surface, thereby
significantly = complicating the transfer of
electrons to the surface and, consequently,
making the signal detection on the following
SCoV2-rS immobilisation and Anti-rS coupling
stages almost impossible. We adapted the
immobilisation technique by decreasing SAM
density. For this purpose, we reduced incubation
time and used the mixture of long-chain COOH-
terminated 11-MUA and OH-terminated 6-
mercapto-1- hexanol (6-MCOH) as a spacer [4].
Since the number of terminal COOH-groups of
SAM became lower, the concentrations of
EDC/NHS were correspondingly decreased. The
improved immobilisation technigue made it
possible to adapt the immunosensor for other
electrochemical methods, such as CV and
differential pulse voltammetry (DPV). Additio-
nally, the experiment was time optimized with
reproducibility improving.
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PLOKSCIO THz ELEMENTO PAGAMINTO ABLIUOJANT SILIC|
FEMTOSEKUNDINIAIS LAZERINIAIS IMPULSAIS ANALIZE
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Ploksti lazerinio pluosto formavimui skirti
optiniai elementai jgauna Vis didesnj
populiaruma. Sie elementai, skirtingai negu
tradiciniai, tokie kaip sferiniai leSiai, yra plonesni,
lengvesni, kompaktiskesni, o gamybos lankstumas
leidZia kurti ypac didelés skaitinés apertiros lesSius
neturinCius aberacijy. Tokie difrakciniai elementai
pagerina objekty vaizdinimo raiSka ir leidzia
lankscCiai kontroliuoti elektromagnetiniy bangy
pluosto zZidinio struktGrg. THz diapazono
elektromagnetiné spinduliuoté gali bati
pritaikoma aptikti jvairias medziagas dél jy
iSskirtiniy absorpcijos spektry bdtent Siame
diapazone, taciau iki Siol yra sudétinga kontroliuoti
pluostus dél optiniy elementy stygiaus. Yra
tikimasi, kad galima sékmingai pritaikyti
ploksciosios THz optikos elementus atlikti objekty
vaizdinimg, o pasitelkiant Beselio pluostg pasiekti
ir super raiska [1]. Panasy rezultatg galima gauti ir
su Airy pluostais, kurie optinio diapazono
mikroskopijoje story biologiniy méginiy vaizda-
vime pasiekia didele raiska [2]. Abu Sie idealizuoti
pluostai vadinami nedifraguojanciais, nes jy
intensyvumas nepriklauso nuo atstumo z. Sio
projekto tikslas yra iSnagrinéti plokscios specialios
THz optikos elementy gamybos femtosekun-
diniais lazeriniais impulsais ypatumus, pagrindinj
démesj sutelkiant | aberacijas atsirandancias
elementuose dél gamybos ypatumuy.

Silicio medziaga yra skaidri THz spinduliuotei ir
turi didelj lGzio rodiklj todél jmanoma iS Sios
medziagos pagaminti optinius elementus. Silicio
draustinés juostos tarpas yra apie 1,14eV, todél
naudojant Light Coversion Pharos lazerio
spinduliuote 1030nm, kas atitikty 1,2eV, galime
efektyviai abliuoti Sig medziaga. Siekiant
iSsiaiskinti tokio gamybos proceso pagaminty
elementy kokybe buvo pagaminti 8 ir 4 lygiy
difrakciniai aksikonai THz spinduliuotei. Pluostui
suteikiamo fazés veélinimo ¢(p) priklausomybé
nuo iSobliuoto gylio h(p) yra:

o(p) = h(p)[(ny —ny)k], Q)

Cia k yra laisvosios erdvés bangos skaicius, no ir
m yra atitinkamai oro ir silicio lGzio rodikliai.
Laiptuotas arba keliy lygiy aksikono profilis
kvantuojamas | vienodo aukscio pakopas A.
Kvantizuota aukstj nurodo

he(p) = int[h(p)/AlA, 2

&ia A = 2rn/Nq, kur Nqg yra laipteliy skaicius.
Pasitelkiant aprasytg algoritma buvo lyginami
sumodeliuoti teoriniai ir eksperimentiskai
pagaminti aksikony profiliai, zr. 1 (a) pav.
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1 pav. (a) 8 lygiy priartintas, vieno fazés periodo iSilginis
teorinio ir eksperimentinio aksikono pjdvis, bei
generuojamo pluosto isilginiai intensyvumo pjaviai.

Pastebimi pagaminto elemento nuokrypiai nuo
teorinio dél gamybos ypatumuy, tokiy kaip
pluosto diametras, apsilydimas, medziagos
iSmetimas ir k.t. Nustatant Siy nuokrypiy jtaka
kuriamam pluostui, buvo sukurtas pluosto
sklidimo skaitmeninio modeliavimo jrankis. Per
aksikonus perleidziamas Gauso pluostas ir stebimi
susidariusio Beselio pluosto skersinis ir iSilginis
intensyvumai.  ASinis  generuojamo  pluosto
intensyvumas pateiktas 1(b)pav. Jame matome,
kad eksperimentinis intensyvumo skirstinys yra
palyginamas su teoriniu ir tikimasi tik Siek tiek
didesniy intensyvumo moduliacijy, kurias galime
sumazinti sumazinant pluosto diametrg arba
padidinant elemento apertira. Sie skaitmeninio
modeliavimo intensyvumo skirstiniai bus palyginti
su realiais eksperimentiniais rezultatais
tolimesniame tyrime.
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Greitintuvo masiy spektrometrija (angl.
Accelerator Mass Spectrometry, AMS) jgalino
atlikti radioanglies (*C) analize itin mazuose
bandiniuose, kuriuose anglies kiekis gali
nevirSyti 1 mg. Didziausia problema, kuri kyla
grafitizuojant maziau nei <200 ug C turincius
bandinius su automatizuota grafitizavimo
sistema (AGE-3), yra ta, jog esant tokiems
anglies kiekiams nepilnai jvyksta grafitizacijos
reakcija. Daugelis radioanglies laboratorijy
atlieka jvairius patobulinimus siekiant dar
labiau sumazinti AMS matavimams reikalingg
anglies kiekj net maziau nei 50 yg C [1]. Norint
maksimizuoti gaunamo grafito kiekj yra
tobulinamas pats grafitizacijos procesas (pvz.,
optimizuojamas grafitizavimo sistemos tdris,
reakcijos temperatira, katalizatoriaus kiekiai
bei kiti sistemos parametrai) [2].

Tokiy mazy bandiniy problema taip pat
galima spresti | mazo anglies kiekio bandinj
pridedant tam tikra kiekj Zinomos ™C
koncentracijos medziagos bei pasinaudojant
masés balanso lygtimi apskaiiuoti, kokia
radioanglies koncentracija yra bandinyje.
Norint jvertinti metodo pritaikomumo ribas
kaip bandinys buvo naudojama OXIl pamatiné
medziaga (oksalo ragstis), kurios C verté yra
lygi 134,06 pMC. Kaip priedas buvo pasirinkta
IAEA-C7 pamatiné medziaga, kurios “C verté
yra lygi 49,53 pMC. Grafitizavimas buvo
atliekamas naudojantis automatizuota
grafitizavimo sistema AGE-3 (lonplus AG),
kurig sudaro grafitizatorius, sujungtas su
elementiniu analizatoriumi. AGE-3 sistemoje
yra galimybé atskirai sudeginti bandinj ir
prieda, o pasinaudojant ceolitine gaudykle
sukombinuoti  skirtingy deginimy metu
susidariusias CO: dujas. TikslUs anglies kiekiai
paciame bandinyje ir priede yra nustatomi
elementiniu analizatoriumi.

Siame tyrime buvo sugrafitizuota 13 bandiniy
(OXID, kuriuose anglies kiekis svyruoja nuo 5
iki 180 ug ir 1 realiy oro filtry bandiniy, kurie
2015 metais buvo iSmatuoti Lundo
radioanglies (Svedija) bei National Electro-
statics Corporation (JAV) laboratorijose
tradiciniais metodais [3].

Nustatyta, kad Siuo metodu paruosty OXII
bandiniy (kuriuose yra daugiau nei 80 pg C)
4C vertés paklaidy ribose atitinka nominalia
OXIlI ™“C verte. Maziau nei 80 ug C turinéiy
bandiniy radioanglies koncentracijos vertés
yra pasislinkusios | mazesne puse. Dél to
galima teigti, jog Sis metodas yra tinkamas
bandiniams, kuriuose yra ne maziau nei 80 ug
C. Nagrinéjant oro filtry bandiniy radioanglies
analizés rezultatus skirtingais metodais
pastebeta, kad didzioji dalis filtry “C verciy,
kurios buvo iSmatuotos naujuoju metodu,
paklaidy ribose sutampa su C vertémis,
kurios buvo matuojamos Lundo ir National
Electrostatics Corporation laboratorijose.

Atliktas tyrimas su pamatinémis medziagomis
bei realiais bandiniais parodé, jog Sis metodas
yra puiki alternatyva labai mazai (80-200 ug)
anglies turin¢iy bandiniy paruosimui ™C
analizei. Ypatingai jeigu viso bandinio
neuztekty standartinei analizei atlikti
nemodifikuojant turimos jrangos.
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OPTINIY AIRY PLUOSTUY ERDVINIO VALDYMO METODAI
PASITELKUS FAZINIUS ELEMENTUS

Karolis Mundrys, Sergejus Orlovas, Klemensas Laurinavicius

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

Lazerinis skaidriy terpiy mikroapdirbimas yra
strategiskai svarbus auksty technologijy srityje.
Sio proceso metu vis dazniau reikalaujami
netradiciniai lazeriniai pluostai, kadangi be
impulsiniy pluosty trukmiy tampa svarbi ir pluosto
struktlra zidinio arba linijinio zidinio aplinkoje.
Vienas i$ tokiy netradiciniy lazeriniy pluosty yra
Airy pluostas. Pagrindinis Airy pluosto privalumas
yra tai, kad jo skirstinio padétj galima valdyti tiek
ant sklidimo asies (tiesiné inzinerija), tiek pluosto
skerspjivio plokstumoje (pluosty forma). Si
savybé leidzia sugeneruoti Airy pluosty, turintj
tam tikrus pageidaujamus specifinius parametrus.

Dar 1979 m. buvo pastebéta, jog laisvg dalele
aprasancios Sriodingerio lygties sprendinys gali
turéti  bangy paketa, kuris matematiskai
apibréziamas pasinaudojus Airy funkcija [1]. Toks
sprendinys yra aprasomas Sraiska:

0(s, &) = Ai (s —§+ iaf)

Cia @(s,€) yra elektrinio lauko paketo pasiskirstyma
nusakanti funkcija, s = x/xo - bedimensiné skersiné
koordinaté, § = z/kxo? - bedimensiné koordinaté
sklidimo kryptimi, a - slopima nusakanti konstanta,
Ai zymi Airy funkcija. Furjé transformavus $j bangy
paketg gaunama tokia israiska [2]:

<p(kx,k ) Age —a((k2 +ky)eX ( k3;rk3), ©)

Cia Ao yra normavimo konstanta. Taigi norint gauti
Airy pluosta tereikia Gauso pluostg moduliuoti
kubine faze bei atlikti Furjé transformacija.
Rezultatai pateikti zr. 1 pav.

H T

00 00 0 fw0 20 @ 4 W 0 N @ w w0 w0 0 w00 20
kx

as——ﬂ(“—f—f—ﬁ

2 12 2) (1)

1 pav. AnalitiSkai apskaiCiuoto Airy pluosto elektrinio
lauko skirstinys (a). Kubinés fazés kauké (b). Su kubine
fazés kauke skaitmeniSkai sugeneruoto Airy pluosto
elektrinio lauko skirstinys (c).

Prie kubinés fazinés kaukés pridéjus tiesinj narj,

Airy pluosta galima valdyti skersinéje plokStumoje.
Dabar fazinés kaukés israiska aprasoma taip:

.}r
7
6
s
4
E 1

T = e—i[a(x3+y3)+b(x+y)] , 3)
¢ia a - konstanta nusakanti kubinés fazés perioda, b
- konstanta nusakanti tiesinés fazés statuma. Airy
pluosta galima valdyti keiciant b verte, zr. 2 pav.

a=1e+09*pi, b = -2e+04*pi

,_a=1e+0%"pi, b=0"pi ,_a=1e+09pi, b =2e+04pi
< 0s
5 o8

1
[l o5 1 el ) ] s " -t

2 pav. b(x+y) nario jtaké Airy pluostui. Rezultatai
pavaizduoti XY plokStumoje. Naudoti parametrai: a =
400x, b = -1007w; a = 4007, b = 0; a = 4007, b = 100x.

@

Airy pluostg taip pat galima valdyti ir sklidimo
krypties atzvilgiu, prie kubiés fazinés kaukés
pridéjus parabolinj narj. Fazinés kaukés iSraiska
aprasoma taip:
T = e—i[a(x3+y3)+c(x2+y2)] , 4)

Cia ¢ - konstanta nusakanti fazés vélinimo statuma.
Airy pluostg galima valdyti keic¢iant koeficiento ¢
verte, zr. 3 pav.

a = 1e+09"pi, ¢ = -5e+06"pi a = 1e+09°pi, ¢ = 0°pi

a = 1e+09%pi, c = 5e+06*pi

3 pav. c(x?2+y2) nario jtaka Airy pluostui. Rezultatai
pateikti XZ plokStumoje. Naudoti parametrai: a = 400,
c =-200m; a = 400xn, ¢ = 0; a = 400x, ¢ = 200m.

Tokiais metodais galima generuoti nedifraguojant;j
Airy pluosta tam tikroje specifingje erdvéje pagal
poreikius. Nedifraguojantys bei erdvéje valdomi
Airy pluostai gali bGti pritaikomi jvairiose srityse
kaip medziagy apdirbimas bei vaizdinimas.
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ELECTRICAL PROPERTIES OF InGaAs TERAHERTZ DETECTORS
WITH INTEGRATED DIFFRACTION OPTICS

Adomas Charevicius, Domas Jokubauskis, Renata Butkute,
Vytautas Jakstas and Linas Minkevicius

Center for Physical Sciences and Technology, Department of Optoelectronics,
Saulétekio av. 3, LT-10257 Vilnius, Lithuania, email: adomas.charevicius@ff.stud.vu.lt

Terahertz (THz) spectral range detection is
still a novel area in physics with one of the
main issues being optimizing for noise origin
detection, manufacturing performant semi-
conductor detectors, evaluating, minimizing,
and understanding their defects [1]. InGaAs is
a semiconductor displaying properties
suitable for manufacturing diode antennas in
THz range.

In this research a detailed study of electrical
properties as well as microscopy imaging is
done of InP substrates with InGaAs integrated
diffraction optics.
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Fig. 1. a) Depicts different displayed asymmetrical
properties of InGaAs diodes on InP substrate.
Asymmetry measured of 4.1-4.4 active zones with
voltage of U € [-1:1] with 0.02 V step size, while b)
Shows the microscopy images of InP wafer with
InGaAs diodes.

Figure 1 depicts the measured asymmetry of 4
different InGaAs diodes, grown on isolating
InP wafer. The sample 1227 had 4 active zones,
depicted numerically 4.1 to 4.4. Antennas 4.1-
4.3 were formed with concentrical rings and
4.4 without. With ideal conditions the field
uniformity of sample would be high and low
asymmetry would be observed, however, as
Fig. 1 depicts, diodes response to bias current
varies with 1227 41 showing asymmetry
change up to 60% in electrical potential from
O to 1V, while active zone 1227 4.2 on same
wafer showing an increase of asymmetry of
only 13% in electrical potential from O to 1V.

To conclude, InGaAs shows a positive
electrical response in room temperature and
displays varying asymmetrical properties with
possibility of manufacturing good quality
diodes with integrated diffraction optics of
low defects and high IV symmetry for THz
sensing and imaging [2].

Keywords: Electrical properties; electrical response;
asymmetry; InGaAs diodes; THz detectors

References

1. Palenskis, V.; Minkevicius, L.; Matukas, J,;
Jokubauskis, D.; Pralgauskaité, S.; Seliuta, D,
Cechavicius, B.; Butkuté, R.; Valusis, G. InGaAs
Diodes for Terahertz Sensing—Effect of
Molecular Beam Epitaxy Growth Conditions.
Sensors 2018.

2. MinkevicCius, L; Tamositnas, V; Kojelis, M;
Z3sinas, E; Bukauskas, V; Setkus, A; Kadalynas,
I; Butkute, R. Influence of Field Effects on the
Performance of InGaAs-Based Terahertz
Radiation Detectors. Journal of Infrared,
Millimeter, and Terahertz Waves 2017.



FIZINIY IR
TECHNOLOGIJOS MOKSLY

CENTRAS

:‘*:‘ﬁiz@egh

DESIGN OF A WIRELESS SENSOR NETWORK FOR TEMPERATURE
AND HUMIDITY MONITORING

Shathya Duobiene
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Savanoriu pr. 231, LT-02300 Vilnius, email: shathya.kodeeswaran@ftmc.It

The functional aspect of the Internet of Things
(loT) technologies and applications can take
on and transform real-world objects into
smart objects and join 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.

For this, an embedded sensor node was
created to collect the environmental
monitoring results based on a low-cost
asynchronous web server. It is used to
monitor the DHT11 sensors associated with the
ESP32 Wi-Fi module. The implemented web
server receives data from the sensor nodes
distributed in laser laboratories, and multiple
web clients connected to the same network
can access the sensor data. In addition,
energy harvesting from electromagnetic
fields in the environment could be adapted to
power the sensor nodes.

Wireless Sensor Network (WSN), including
the defected node detection, was simulated
using MATLAB. Figure 1 shows the simulation
result of WSN.
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Fig. 1. Wireless sensor network- simulation result.

This model can be used to build a wireless
network of an unlimited number of sensors.
Machine learning methods are applied to
detect incorrectly working (attacked) nodes
in WSN.

The simulation results help develop the real
sensor nodes, and its network architecture for
multiple sensor nodes are shown in Fig. 2.
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Fig. 2: Sensor node architecture.

Figure 3 shows the temperature and humidity
sensor readings obtained in the real-time
webserver.
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Fig 3: Experimental result.

When fully implemented, this automated
system will help monitor the environmental or
climatic conditions leading to better living
conditions, timely pollution recognition, and
taking necessary actions on time.

Keywords— Internet of Things, Webserver, Web
clients.



FIZINIY IR
TECHNOLOGIJOS MOKSLUY

ez @ CENTRAS

0
XN
g

| 12@eéh

PHOTO-ACTIVE HYDROGEL: AN ALTERNATIVE TO TREAT CHRONIC
WOUND INFECTIONS

Nargis Sardar, Arunas Stirke and Wanessa Melo
Department of Functional Materials and Electronics, Center for Physical Sciences and Technology,
Saulétekio av. 3, LT-10257 Vilnius, Lithuania, email: nargis.sardar@ftmc.It

Chronic wounds infections are one of the
greatest challenges in modern health care,
causing severe problems to public health,
medicine and economic system. [1] These
infections most often take the form of three-
dimensional biofilm communities, which are
notoriously recalcitrant to antibiotics and
immune clearance, contributing to the chronic
wound state. [2] Extracellular polymeric
substances (EPS) is one of the main and first
biofilm resistance mechanism, acting as a
virulence factor of the microorganism related
to chronic wounds infections. [3] Methicillin-
resistant Staphylococcus aureus (MRSA) has
been reported as the main pathogen found in
these infections. [4] Thus, there is a great
need for alternative therapies for infected
chronic wounds, and antimicrobial
photodynamic therapy (aPDT) is a promising
candidate. aPDT involves the synergistic
combination of a photosensitizer (PS),
molecular oxygen and visible light of
appropriate wavelength in order to produce
highly reactive oxygen species (ROS), which
leads to the oxidation of several cellular
components. [5] Even though this therapy
was shown to be efficient in attacking many
components of the biofilm, the EPS hampers
the PS access to the deeper biofilm cells

promoting the regrow of this microorganism
community. Therefore, to overcome this
problem, it is necessary to combine the aPDT
with a device, as hydrogel, which will deliver
the PS to the wound site (deeper layer of
biofilm). [6] To evaluate the effect of
aPDT/Hydrogel on wound-infected site at
immune, molecular and cellular levels, we will
perform studies using tissue-engineered
human skin equivalent model (TSE). [7,8]
During the last decades, TSE is considered as
an alternative approach once exhibits
comparable structures to the natural human
skin, mainly bilayered TSE (epidermal+dermal
layer). [7] The aim of this project is to verify
the effectiveness of aPDT/hydrogel
combination against chronic wound infection
by MRSA biofilm on bilayered-TSE model.
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