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Pe3stomeTa Ha peueH3upaHuTe Ny6nKaumMm Ha 6bArapckn U Ha aHITMMCKU €3UK,
C KOUTO Ce KaHANAATCTBA B HAacToALWaTa Npoueaypa 3a AOLEHT

OT rn. ac. A-p Bennuka Moppanosa Ctpukkosa-Kengeposa

6.1 Pe3tomeTa Ha peLeH3npaHuTe nyb6AMKaumum, eKBUBANEHTHU Ha
XabunutauumoHeH Tpya,

1. Morphometry and Stiffness of Red Blood Cells—Signatures of

Neurodegenerative Diseases and Aging
Velichka Strijkova-Kenderova, Svetla Todinova, Tonya Andreeva, Desislava Bogdanova, Ariana
Langari, Avgustina Danailova, Sashka Krumova, Elena Zlatareva, Nikolay Kalaydzhiev, lvan
Milanov and Stefka G. Taneva

Abstract: Human red blood cells (RBCs) are unique cells with the remarkable ability to deform,
which is crucial for their oxygen transport function, and which can be significantly altered under
pathophysiological conditions. Here we performed ultrastructural analysis of RBCs as a
peripheral cell model, looking for specific signatures of the neurodegenerative pathologies
(NDDs)—Parkinson’s disease (PD), amyotrophic lateral sclerosis (ALS) and Alzheimer’s disease
(AD), utilizing atomic force (AFM) and conventional optical (OM) microscopy. We found
significant differences in the morphology and stiffness of RBCs isolated from patients with the
selected NDDs and those from healthy individuals. Neurodegenerative pathologies’ RBCs are
characterized by a reduced abundance of biconcave discoid shape, lower surface roughness and
a higher Young’s modulus, compared to healthy cells. Although reduced, the biconcave is still
the predominant shape in ALS and AD cells, while the morphology of PD is dominated by
crenate cells. The features of RBCs underwent a marked aging-induced transformation, which
followed different aging pathways for NDDs and normal healthy states. It was found that the
diameter, height and volume of the different cell shape types have different values for NDDs
and healthy cells. Common and specific morphological signatures of the NDDs were identified.

MOpd)OMETpM‘-IHM M eNacTUYHMU CBOMCTBA HA yepseHUTe KPbBHU KN1EKUN

KaTO MadpKep 3a HeBpoaereHepatTuBHu 3abonaBaHua n CTapeeHe

Bennuka CrpukkoBa-KeHgeposa, Ceetna TogmHoBa, ToHAa AHApeeBa, Jecucnasa boraaHosa,
ApwuaHa flaHrapu, AsryctuHa [laHannoBsa, Cawka KpymoBsa, EneHa 3natapesa, Hukonamn
Kanangxues, UsaH MunaHos n Ctedka I'. TaHeBa

Pestome : YoBelwKute uyepBeHU KPbBHM KneTku (RBC) ca yHWUKa/NHUM KAETKM CbC
3abenerkntenHata cnocobHoOCT Aa ce aedopmmpaT, KOETO e OT peLlaBallo 3HaYeHue 3a TAXHATA
KMCA0POAHA TPaHCMOPTHa PYHKUMA M KOUTO moraT ga 6baaT 3HauYUTEe/IHO MPOMEHEHU NpU
NaToPM3NONOTMYHM YCNOBUA. TYK HampaBUXMe YNTPACTPYKTYPEH aHA/N3 Ha YEPBEHUTE KPbBHMU



KNEeTKM KaTo nepudepeH KNeTb4eH MoAen, TbpCeMKU crneunuduyHn npusHaum Ha
HeBpoaereHepatusHute natonormn (NDD) - 6onect Ha MapkuHcoH (PD), amunoTpoduyHa
natepanHa ckneposa (ALS) n 6onect Ha Anuxanmep (AD), mM3nonsBalikKm aToOMHO-CWUJIOBA
MUKpockonua (AFM) u KoHBeHUMOHaNHa onTuyHa (OM) mukpockonus. OTKpUXMe 3HAYUTENTHU
pa3nnkm B MopdosorvaTa M TBBPAOCTTA HA YEpPBEHUTE KPbBHM KNETKM, M30AMPaHU OT
naunmeHTm c usbpaHn NDD u Te3nm oT 3apaBu UHAMBUAWU. YepBEHUTE KPbBHU KAETKU NpU
HeBpoAereHepaTMBHM NATONOTMM Ce XapaKTepusmpaT C HamasleHo u3obunve OT ABOMHO
BaNbOHaTa ¢dopma, MO-HWCKa rPanaBoOCT HAa MOBBLPXHOCTTAa M MO-BUCOK Moayn Ha OHr B
CpaBHeHWe CbC 34paBuUTe KAETKU. Bbnpekn ye e HamaneH, ABOMHO BANbOHaTaTa Bce ouwle e
npeobnagasawata ¢opma B ALS n AD KneTkuTe, AoKaTo mopdonormata Ha PD e JomuHMpaHa
OT KpeHaTHWU (Ha3bbeHu — mmat dopma C HenpaBUNEH AUCK) KNeTKU. XapaKTepUCTUKUTE Ha
YepBEHUTE KPBbBHM KNETKM MNPEeTbpnaBaT 3HauuTenHa TpaHchopmauma, npegmssBuMKkaHa oT
CTapeeHeTo, KOATO c/AefBa pas/IMdHM NbTMWwa Ha ctapeeHe 3a NDD n HopmanHu 3apasu
CbCTOAHUA. YCTAHOBEHO €, Ye AMAMETbPbT, BUCOYMHATA M 00eMbT Ha pasAnyHUTE TUNOBe
dopma Ha KNETKUTe umaT pas3inyHu ctorHoctm 3a NDD w 3gpaBu  KneTku. bsaxa
naeHTMGULMpPanHm obwm n cneundmiHn mopdonornyHm curHatypm Ha NDD.

2. Morphometric and Nanomechanical Features of Erythrocytes

Characteristic of Early Pregnancy Loss
Ariana Langari, Velichka Strijkova, Regina Komsa-Penkova, Avgustina Danailova, Sashka
Krumova, Stefka G. Taneva, Ina Giosheva, Emil Gartchev, Kamelia Kercheva, Alexey Savov and
Svetla Todinova

Abstract: Early pregnancy loss (EPL) is estimated to be between 15 and 20% of all adverse
pregnancies. Approximately, half of EPL cases have no identifiable cause. Herein, we apply
atomic force microscopy to evaluate the alteration of morphology and nanomechanics of
erythrocytes from women with EPL with unknown etiology, as compared to healthy pregnant
(PC) and nonpregnant women (NPC). Freshly isolated erythrocytes from women with EPL differ
in both the roughness value (4.6 + 0.3 nm, p < 0.05), and Young’s modulus (2.54 + 0.6 MPa, p <
0.01) compared to the values for NPC (3.8 £ 0.4 nm and 0.94 £ 0.2 MPa, respectively) and PC
(3.3+0.2nmand 1.12 + 0.3 MPa, respectively). Moreover, we find a time-dependent trend for
the reduction of the cells” morphometric parameters (cells size and surface roughness) and the
membrane elasticity—much faster for EPL than for the two control groups. The accelerated
aging of EPL erythrocytes is expressed in faster morphological shape transformation and earlier
occurrence of speculated and spherical-shaped cells, reduced membrane roughness and
elasticity with aging evolution. Oxidative stress in vitro contributed to the morphological cells’
changes observed for EPL senescent erythrocytes. The ultrastructural characteristics of cells
derived from women with miscarriages show potential as a supplementary mark for a
pathological state.

MopdomeTprUUHM U HAHOMETPUYHU CBOMCTBA HA ePUTPOLUTU XapPaKTEPHMU
npu paHHa 3aryba Ha nnoaa



Apuana Jlanrapu, Beanuka Crpukkona, Pernna Komca-IlenkoBa, Apryctuna Jlanausnosa,
Camxka Kpymosa, Credka I'. TaneBa, na I'vomesa, Emun "apues, Kamenus Kepuesa, Anexceit
CasoB u Csetiia TonuHoBa

Pestome: PaHHaTa 3aryba Ha bpemeHHocT (EPL) ce oueHsBa mexay 15 n 20% OT BCUYKM
HebnaronpuATHM BHpemeHHOCTU. MpnbansnTenHo nonoBMHaTa OT caydyamTe Ha EPL Hamart
nageHtudunumpaHa npuynHa. Tyk npunarame aTOMHO CMI0BAa MUKPOCKOMWMSA 33 OLLEeHKa Ha
npomaHaTa Ha mopdoaorMaTa M HaHOMEXaHMKATa Ha epuTpouuTuTe OT KeHun ¢ EPL ¢
HEN3BECTHA €TUO/IoTUA, B CPpaBHEHMe cbC 3apasBu bpemeHHU (PC) M KeHM 6e3 ycTaHOBeHa
6pemeHHOCT (NPC). MpACHO M30MpPaHUTE epUTPOLUTH OT KeHW ¢ EPL ce pasnnyaBaT KakTo no
CTOMHOCTTaA Ha rpanasocTTa (4,6 £ 0,3 nm, p < 0,05) u moayna Ha tOHr (2,54 + 0,6 MPa, p < 0,01)
B cpaBHeHMe cbe cToliHocTuTe 3a NPC (3,8 + 0,4 nm m 0,94 + 0,2 MPa, cbotBeTHO) 1 PC (3,3
0,2 nm n 1,12 +0,3 MPa, cboTBeTHO). OCBEH TOBa € YCTaHOBEHO, Ye 3aBUCUMOCTTa OT BPEMETO
Ha MOPPOMETPUYHM NaAPaMeTpPU (pasmep Ha KNETKUTE WM PanaBoOCT Ha MNOBBPXHOCTTA) M
€71aCTMYHOCTTa Ha MmemMbpaHaTa e HaManABalla 3a BCMYKM KNeTKW. To3n npouec e MHOro no-
6bp3 3a EPL, OTKO/NKOTO 3a ABeTe KOHTPO/AHM rpynu. YCKOpeHOTO cTapeeHe Ha EPL
epuUTpoLUTUTE Ce M3pas3saBa B No-6bp3a mopdonornyHa TpaHchopmauma Ha KieTbyHaTa popma
M NO-paHHa MOABA HAa CNMKYAOUMTU U chepounTU; HamaseHa FPanaBoOCT MU enacTUYHOCT Ha
membpaHata ¢ eBOMIlOUMATA Ha CTapeeHeTo. [pUAoXKeHUs OKUCAUTeNeH CcTpec in vitro
AonpuHece 3a MOPPONOrMYHUTE MPOMEHM B KNETKUTE, NogobHM Ha Te3nm HabawogasaHW 3a
ctapeewmn EPL eputpouutn. YATpacTpyKTYPHUTE XApPaKTEPUCTUKM HA KNETKUTEe, NONYYEeHU OT
KEHM CbC CnoHTaHeH abopT MOKa3BaT MOTEeHUMAN KaTo AonbaHUTeNeH Bener 3a NaToNOrMYHO
CbCTOAHME.

3. Polarization holographic recording in thin films of pure azopolymer and

azopolymer based hybrid materials

N. Berberova, D. Daskalova, V. Strijkova, D. Kostadinova, D. Nazarova, L. Nedelchev, E.
Stoykova, V. Marinova, C.H. Chi, S.H. Lin

Abstract: Recently, a birefringence enhancement effect was observed in azopolymers doped
with various nanoparticles. The paper presents comparison between the parameters of
polarization holographic gratings recorded in a pure azopolymer PAZO (Poly[1-[4-(3-carboxy-4-
hydroxyphenylazo) benzenesulfonamido]- 1,2-ethanediyl, sodium salt]) and in a hybrid PAZO-
based organic/inorganic material with incorporated ZnO nanoparticles of size less than 50 nm.
Laser emitting at 491 nm is used for the holographic recording. Along with the anisotropic
grating in the volume of the media, surface relief is also formed. Gratings with different spatial
frequencies are obtained by varying the recording angle. The time dependence of the
diffraction efficiency is probed at 635 nm and the height of the relief gratings is determined by
AFM. Our results indicate that both the diffraction efficiency and the height of the surface relief
for the hybrid samples are enhanced with respect to the pure azopolymer films.



MonapusaumoHeH xonorpadCKM 3anUC B TbHKU C/I0EBE OT YMUCT

asononaumep U xubpuaHu matepuanm Ha OCHOBaTa Ha a3onoanmep
H. Bepbeposa, . Oackanosa, B. CrpuKkosa, [. KoctaguHosa, [1. Hasaposa, /1. Hegenues, E.
CrolikoBa, B. MapuHoBa, 4.X. Yn, S.H. NinH

Pestome: Hackopo 6e HabntogaBaH edeKT Ha yCMABaHE HA ABOMHOTO /byenpedynBaHe B
asonoMmepu, NerMpaHn € pas/IMyHM HaHodactMuu. CTatusaTa NpeacTaBsa CpPaBHEHUEe mexay
napameTpuTe Ha MONAPU3ALUOHHUTE XOMOrPadCKM PELIETKU 3aNMCaHM B YMCT a30MOAMMEP
PAZO (Monwu[1-[4-(3-Kapbokcu-4-xngpokcnudeHnnaso)beHseHcyndoHammnaol- 1,2-etaHanun,
HaTpueBa con]) U B xubpuaeH opraHuyeH/HeopraHuyeH maTepuan Ha 6asata Ha PAZO c
BrpageHn HaHovactmum ot ZnO c padmep no-manbk oT 50 nm. 3a xonorpdckms 3anuc ce
M3MNo/3Ba Nlasep C Ab/KMHA Ha BbsHaTa npu 491 nm. Hapen ¢ aHM30TponHaTta pelleTka B
obema Ha cpegnaTa ce obpasyBa M NOBbPXHOCTEH pened. Ypes npomaHa Ha brbjia Ha 3anuc ca
NOJIYYEHU PELIETKM C Pas3/IMUYHU MPOCTPAHCTBEHM 4YecToTU. M3cnepBaHa e 3aBUMCMMOCTTa Ha
AndpakumMoHHaTa epeKTUBHOCT OT BpemeTo npu 635 nm M e onpeaeneHa BMCOYMHATA Ha
penepHUTE pelleTKn C NOMOLLTAa Ha aTOMHO CWI0B MMKpocKon-AFM. HawwuTte pesyntatu
NMoKa3BaT, Ye KaKTo AndpakumoHHaTa epeKTUBHOCT, TaKa M BUCOYMHATA Ha MOBbPXHOCTHUS
pened 3a xmbpuaHute obpasum ca NogobpeHU Mo OTHOLEHUE HA YMCTUTE a30MOJIMMEPHMU
cnoese.

4. Influence of the size of Au nanoparticles on the photoinduced
birefringence and diffraction efficiency of polarization holographic

gratings in thin films of azopolymer nanocomposites
Nataliya Berberova-Buhova , Lian Nedelchev *, Georgi Mateev , Elena Stoykova , Velichka
Strijkova , Dimana Nazarova

Abstract: This study is aimed to determine the influence of the size of gold (Au) nanoparticles
(NP) doped in azopolymer PAZO (poly[1-[4-(3-carboxy-4-hydroxyphenylazo)
benzenesulfonamido]-1,2-ethanediyl, sodium salt]) on the photoinduced birefringence of the
nanocomposite thin films as well as on the diffraction efficiency of polarization holographic
gratings recorded in them. For this reason, we used spherical Au NP with five different
dimensions — 10, 20, 30, 40 and 50 nm. Concentrations of the NP in the nanocomposites varied
from 0 a.u. (non-doped samples) to 16 a.u. where 1 a.u. corresponds to 0.015 wt %.
Birefringence was induced with He—Cd laser (A = 442 nm) and measured at 635 nm using DPSS
laser. We observe an enhancement of photoinduced birefringence, which is most pronounced
for the Au NP with size 20 nm. The polarization holographic gratings were inscribed with two
orthogonal circular polarizations (left- and right-handed). AFM measurements were performed
to determine the properties of the resulting surface relief gratings. Our results indicate that
both the diffraction efficiencies and surface relief modulation of the gratings inscribed in the
nanocomposite thin films are higher compared to those in the non-doped samples.



BauaHMe Ha pasmepa Ha Au HaHo4vacTUUUTE BbpPXY POTOUHAYLUPAHOTO
ABOWHO npeuyynBaHe U AuPPaAKUUOHHATA ePeKTUBHOCT HA MNONAPU3ALUOHHMU

xonorpad)cxu peweTKkn B TbHKU (anMM OoT a3onosimmepHN HAHOKOMMNO3UTU
Hatanusa Bepbeposa-byxoBa, JlnaH Hepenues, leopru Martees, EneHa CroikoBa, Benuuka
CrpurKKoBa, umaHa Hasaposa

Pestome: ToBa n3cseaBaHe Mma 3a Uen ga onpeaenn BAUSHUETO Ha pasmepa Ha 31aTHuTe (Au)
HaHouyactMumM  (NP), potupaHu B asononumep PAZO  (nonwu[1-[4-(3-KapboKkcu-4-
XmapoKkcupeHnnaso)beHseHcynpoHammnaol-1,2-etaHanun, HaTpueBa con]) BBPXY
boTOMHAYUMPAHO ABOMHO JibyenpeyynsaHe B HAHOKOMMO3WTHUTE TbHKM C/I0EBE, KaKTo W
BbpXy gnbpakLumMoHHaTa ebEeKTUBHOCT NPU NOAAPU3ALMOHHMA X0N0rpadCKM 3anmc Ha peLLeTKu
B TAX. Mopaan Tasu npmunHa nsnonssaxme coepudeH Au NP ¢ neT pasnmyHu nameperHus — 10,
20, 30, 40 n 50 nm. KoHueHTpauumte Ha NP B HaHoKomnosmtute Bapupat ot 0 a.u.
(HenernpaHn npobun) go 16 a.u., kbaeto 1 a.u. cvortBercTBa Ha 0,015 Tern. %. [BoiMHOTO
npeyynsaHe ce npepgussukea ¢ He-Cd nasep (A = 442 nm) 1 usmepeHa ¢ nomouita Ha DPSS
nasep npu 635 nm. Habnogasame 3acungaHe Ha GOTOMHAYLMPAHOTO ABOMHO MpedvynBaHe,
KOeTO e Hal-cunHo m3paseHo 3a Au NP ¢ pasmep 20 nm. MNMonapusaumoHHUTE Xonorpadckm
peleTkn 6Axa 3aNMcaHn € ABe OPTOrOHANHM KPbroBKU Nonspusaumm (nasa u gacHa). C nomouuta
Ha AFM ca HanpaBeHM W3MepBaHWA 33 ONpenensHe Ha CBOMCTBAaTA Ha MOAy4YeHUTe
MOBBbPXHOCTHU penedHM peweTkM. Hawwute pesyntatm nokaseaTt, ye U AMdpaKLMOHHATa
epeKTMBHOCT M MogynaumaTa Ha MNOBbPXHOCTHMA pened Ha peleTkuTe, 3anucaHu B
HaHOKOMMO3UTHUTE TbHKM C/I0EBE, Ca NMO-BUCOKM B CPAaBHEHME C TE3U B HenernpaHute npobu.

5. Polarization holographic gratings with high diffraction efficiency recorded
in azopolymer PAZO

L. Nedelchey, D. Ivanov, N. Berberova, V. Strijkova, D. Nazarova

Abstract Azopolymers are one of the most efficient materials able to record the polarization
state of light. They have numerous applications, such as data storage and diffractive optical
elements with unique polarization properties. An essential parameter for each diffractive
element is its diffraction efficiency n. In order to optimize the recording conditions and obtain
high-efficient polarization holographic gratings, in the present work we study the dependence
of the diffraction efficiency on the recording angle and thickness of a series of azopolymer
layers. Three recording angles are used - 10°, 20° and 30° and three series of thin films with
thicknesses 470, 850 and 2400 nm from the water-soluble azopolymer PAZO. The gratings are
inscribed by two plain waves with left and right circular polarization from a He-Cd gas laser (442
nm). The diffraction efficiency of the gratings is probed with a right hand circularly polarized
beam from a probe laser with wavelength 635 nm. The kinetics of diffraction efficiency n(t) in
the + 1 diffraction order are presented and compared. Our experimental results indicate that
highest diffraction efficiency (more than 40%) is obtained for the sample with thickness 2400
nm and for recording angle 10°. As the holographic recording in azopolymers is usually



accompanied by formation of surface relief gratings, the surface topography of the recorded
samples is also investigated by atomic force microscopy.

MonapusaumMoHHM xonorpadCcKku peleTkn ¢ BUCOKaA AUPpaKUMOHHA

edeKTUBHOCT, 3anucaHu B asononumep PAZO
N. Hepgenues, [. BaHoB, H. bepbeposa, B. CTpuKKoB.a, [1. Hasaposa

Pestome: AsononnmepuTe ca e4HU OT Hak-ePpeKTUBHUTE MaTepurann, KOMTO moraT Aa 3anuceaTt
NoONAPU3aLMOHHOTO CbCTOAHME Ha CBeTAMHaTa. Te MMaT MHOXECTBO MPWIOXKEeHMUA, KaTo
YCTPOICTBA 3@ CbXpaHEHME Ha JaHHU U ANPPAKLUOHHU ONTUYHWU ENEeMEHTU C YHUKANHU
nofApu3aLmMoHHM cBoMcTBa. CbluecTBeH MapameTbp 33 BCeKM AMbPAKLMOHEH enemMeHT e
HeroBaTa AMpaKkUMOHHA edeKTMBHOCT Nn. 3a Aa ce ONTUMMU3UPAT YCNOBMATA Ha 3anuc u
nosiyyaBaHe Ha BUCOKOedEKTUBHU MONAPM3ALNOHHM XOnorpadcku pelleTkn, B HacToAlLaTa
paboTa HMe uscneaBaxme 3aBUCMMOCTTA Ha AU pPaAKLMOHHATa ePEeKTUBHOCT OT brbaa Ha 3anuc
n aebennHata Ha cepus a30NoAMMeEpPHU cnoese. M3nonseaTt ce Tpu brbaa Ha 3anuc — 10°, 20° u
30° n Tpu cepumn oT TbHKM cnoese ¢ aebennHn 470, 850 n 2400 nm OT BOAOPA3TBOPMMMUA
asononumep PAZO. PelweTkute ca 3anmcaHu OT ABe Bb/IHU C N1ABa U AACHA Kpbraa noaapmsauuns
oT He-Cd rasos nasep (442 nm). AudpakumoHHaTa ePpeKTUBHOCT Ha PELUETKUTE ce U3cseaBa C
OACHO KPbroBO NoOAApM3MpaH b4y OT Nasep C Ab/KMHA Ha BbAHaTa 635 nm. MpeacTaBeHa e
KMHEeTUKaTa Ha gudpakumoHHaTa edpeKkTMBHOCT n(t) Ha t1 andbpakumMoHeH nopagbk. Hawwute
eKCMepuMeHTaNIHN pe3yaTaTh NOKa3BaT, Ye Hal-BUCOKa andpakunoHHa epeKTMBHOCT (noBeye
oT 40%) ce nony4yasa 3a npobata ¢ gebenuvHa 2400 nm M 33 broa Ha 3anuc 10°. Tbi KaTo
XONorpadCcKUAT 3anuc B asononvmepute OOWMKHOBEHO € npuapyKeH OT obpasyBaHe Ha
NMOBBbPXHOCTHA penedHa pelleTka, C NOMOLLTA HA aTOMEH CU/I0B MUKPOCKOMN Ca M3cnenBaHu U
TonorpaduATa Ha NOBBPXHOCTTA Ha 3anucaHnTe obpasym.

6. Tunable Polarization and Surface Relief Holographic Gratings in
Azopolymer Nanocomposites with Incorporated Goethite (a-FeOOH)

Nanorods
Lian Nedelchev,, Georgi Mateev, Velichka Strijkova, Verdnica Salgueirifio, David S. Schmool,
Nataliya Berberova-Buhova, Elena Stoykova and Dimana Nazarova

Abstract: We employ two approaches to tune the properties of concurrently inscribed volume
polarization and surface relief gratings in nanocomposite thin films containing the azopolymer
PAZO (poly[1-4-(3-carboxy-4-hydrophenylazo)benzensulfonamido]-1,2-ethanediyl, sodium salt])
and goethite (a-FeOOH) nanorods. The first one is applied on the stage of sample preparation
by varying the concentration of the goethite nanorods from 0% to 15%. Then, different angles
between the recording beams are set in the holographic scheme, which allow us to obtain
gratings with spatial periods in the range from 0.86 to 2.51 um. Surface relief modulation close
to 300 nm is achieved as well as total diffraction efficiency in the 11 diffracted orders of more
than 50%. The influence of the incorporated goethite nanorods on the properties of both
volume birefringence and the surface relief grating are discussed.



XonorpadcKku pewerkn ¢ peryavpyema nonapusauma u pened Ha
NOBbPXHOCTTA B a30MOJIMMEPHM HAHOKOMMNO3UTU C BrPafZEeHU TbOTUTHU (a-

FeOOH) HaHONpBYKK
NvaH Hepenues, Meopru Matees, Bennuka CrpumkkoBa, BepoHuKka CanreiipuHbo, Oensug C.
LWmyn, Hatanua bepbeposa-byxosa, EneHa Crolikosa n lnmaHa Hasaposa

Pestome: M3nonssame pBa noaxoga 3a YynNpaB/JeHME HA CBOWCTBAaTa Ha €4HOBPEMEHHO
3anMcaHn 06emMHM NOAAPU3ALMOHHM N NMOBBPXHOCTHU penedHU peLleTKn B HAHOKOMMO3UTHU
TbHKHU cnoese, CbAbprKawm asonoammepa PAZO (nonu[1-4-(3-kapbokcu-4-
xnapodeHunaso)beHseHcynpoHammao]-1,2-eTaHamMmnn, HaTpuesa con]) U HAHOMPBYKU OT FbOTUT
(-FeOOH). MbpBUAT ce Npwunara Ha eTana Ha NOAroTOBKa Ha obpasuuTe ypes BapupaHe Ha
KOHU,EHTPALMATA Ha FbOTUTOBMTE HaHONPBYKM OoT 0% g0 15%. Cnepn TOBa, ce 3a4aBaT Pa3/INYHMU
BIAN MEXAY 3anucBalMTe NbYM B X0N0rpadCckaTa Cxema, KOeTO HWM M03BOJIABA Aa NOAYYMM
peweTkn € NpPOCTpaHCTBeHW nepuoan B amana3oHa oT 0,86 po 2,51 um. [llocturHata e
moaynauma Ha NoBbpxHOCTHUSA pened Ao 300 nm KaKTo 1 0bwa audpakumMoHHa edeKTUBHOCT B
t 1 andpakumoHeH nopaabK Hag 50%. PasrnegaHo e BAWAHMETO Ha BKAOYEHUTE MbOTUTHU
HaHONPDBYKM BbPXY CBOMCTBATA KAKTO HAa 06EeMHOTO ABY/AbYenpeyynBaHe, Taka M Ha peneda Ha
NMOBbPXHOCTHATa pelweTKara.

6.2 Pe3lomeTa Ha peueH3uMpaHuUTe Ny6aAMKauum U3BbH XabunuTauMoHHUA TpyA,
C KOUTO ce KAaHAMAAACTBA B HAcToALWaTa Npoueaypa 3a A4OUEHT

7. Atomic Layer-Deposited Al-Doped ZnO Thin Films for Display Applications
Dimitre Dimitrov, Che-Liang Tsai, Stefan Petrov, Vera Marinova, Dimitrina Petrova, Blagovest
Napoleonov, Blagoy Blagoev, Velichka Strijkova, Ken Yuh Hsu and Shiuan Huei Lin

Abstract: The integration of high uniformity, conformal and compact transparent conductive
layers into next generation indium tin oxide (ITO)-free optoelectronics, including wearable and
bendable structures, is a huge challenge. In this study, we demonstrate the transparent and
conductive functionality of aluminum-doped zinc oxide (AZO) thin films deposited on glass as
well as on polyethylene terephthalate (PET) flexible substrates by using an atomic layer
deposition (ALD) technique. AZO thin films possess high optical transmittance at visible and
near-infrared spectral range and electrical properties competitive to commercial ITO layers.
AZO layers deposited on flexible PET substrates demonstrate stable sheet resistance over 1000
bending cycles. Based on the performed optical and electrical characterizations, several
applications of ALD AZO as transparent conductive layers are shown—AZO/glass-supported
liquid crystal (LC) display and AZO/PET-based flexible polymer-dispersed liquid crystal (PDLC)
devices.



ATOMHO NOC/NOMHO NOoNyYaBaHe Ha TbHKU cnoese oT Zn0, gotupanu c Al,
3a NPUNOXKEeHUe B AUCNIEN TEXHONOTUUTE

Onmutbp Aumntpos, Ye-NaH LUai, CtedaH MeTtpos, Bepa MapuHoBa, AumutpuHa MeTpoBa,
BnarosecTt HanoneoHos, bnaroit bnaroes, Bennuka CtpuykkoBa, Ken O Xcy u LnyaH Xyeit /inH

Pestome: MIHTerpmMpaHeTo Ha eAHOPOAHU, KOHGOPMANTHM U KOMMAKTHW NPO3pPayHU MPOBOANMM
cnoese B ONTOE/NIeKTPOHMKATA, BKAOYUTENHO BbPXY pasTeriMBuM M OrbBallM Ce HOCUTENn
(nognoxku), 6e3 pa ce wu3nNon3Ba WHAMEBO KanaeH okcug (ITO), e orpomHo
npeausBuKaTenctso. B ToBa npoyyBaHe e pgemoHcTpupaHa @QyHKUMOHANHOCTTA, KaTto
NPO3PaYHOCT M NPOBOAMMOCT Ha TbHKU CNOEBE OT NIerMpaH C alyMUHUIN LUMHKOB oKkcug (AZO),
OT/IOXKEHU BBPXY CTHbK/IO, KAKTO U BbPXY MBKABM NOAJNOKKM OT nonvetuneH Tepedranat (PET)
ypes TexHWKaTa Ha nocnefoBaTeNIHO OTAaraHe Ha atomHu cnoese (ALD). TbHKMTe cnoese OT
AZO npwuTexaBaT BWMCOKa OMNTMYHA MNPOMYCKAMBOCT BbB BUAMMMA U 6AN3BK MHOpayepBeH
CneKkTpaneH o06xBaT U eNeKTPUYECKM CBOMCTBA, KOHKYPEHTHU Ha Tbproeckute ITO cnoese. AZO
cnoeBeTe, OT/NIOKEHW BbPXy rbBKaBuTe PET MoANOXKM AEeMOHCTpMpaT cTabunHo AUCTOBO
cbnpoTtusneHue npu Hag 1000 umkbna Ha orbBaHe. Bb3 ocHOBa Ha onpeaeneHUTe ONTUYHU U
€NeKTPUYECKM XapaKTEPUCTUKN ca MOKasaHu Ase npunoxeHua Ha ALD AZO KaTo npo3payHu
NPOBOAMMW CNOEBE — AWUCM/EN C TEYHU KPUCTaNM C Npo3payvHu enektpogn AZO\CTbKNO U
MBKaBM YCTpOMCTBA Ha 6asa nonaMmepHo —amcreprvpaH TedyeH Kpuctan(PDLC) AZO\PET
npo3payHa 1 NpPoBoAALLA MBKaBa CTPYKTYpa

8. ALD Deposited ZnO:Al Films on Mica for Flexible PDLC Devices
Dimitre Z. Dimitrov, Zih Fan Chen, Vera Marinova, Dimitrina Petrova, Chih Yao Ho, Blagovest
Napoleonov, Blagoy Blagoev, Velichka Strijkova, Ken Yuh Hsu, Shiuan Huei Lin and Jenh-Yih
Juang

Abstract: In this work, highly conductive Al-doped ZnO (AZO) films are deposited on
transparent and flexible muscovite mica substrates by using the atomic layer deposition (ALD)
technique. AZO-mica structures possess high optical transmittance at visible and near-infrared
spectral range and retain low electric resistivity, even after continuous bending of up to 800
cycles. Structure performances after bending tests have been supported by atomic force
microscopy (AFM) analysis. Based on performed optical and electrical characterizations AZO
films on mica are implemented as transparent conductive electrodes in flexible polymer
dispersed liquid crystal (PDLC) devices. The measured electro-optical characteristics and
response time of the proposed devices reveal the higher potential of AZO-mica for future ITO-
free flexible optoelectronic applications.

ALD otnoxeHu ZnO:Al choese BbpXy catoga 3a rBKasu PDLC ycTpoiicTBa
Oumutpe 3. Oumutpos, 3ux ®PeH YeH, Bepa MapuHoBa, OumutpuHa MNetposa, Yux Ao Xo,
Bbnarosect HanoneoHos, bnaroit bnaroes, Beanuka CrpmkkoBa, KeH HOx Xcy, LUnyaH Xyen JInH
v Oyken-Mun OxkyaHr



Pestome: B Tasu paborta ca nonyyeHu cunHonposogmumm cioese ot ZnO, nernpanu c Al (AZO),
BbPXY NPO3pPayYHM U MBKABM NOANOKKM OT MYCKOBMTOBA C/O43a Ype3 U3Mnoa3BaHe Ha TEXHUKaTa
33 nocneposaTeNIHO oOT/naraHe Ha atomHu cnoese (ALD). Crpyktypute Ha AZO-cnopa
npuTerkaBaT BWMCOKA OMTMYHA MNPONYCKAMBOCT BbB BMAUMMA U O6AU3KUA WMHOpayepBeH
CreKTpaseH AumanasoH WM 3ana3BaT HUCKO efIeKTPMYECKO CbNpoTUBAEHME, [O0pU  Cneg,
HenpeKkbcHaTo orbBaHe Ao 800 uuKbAa. Ypes aHanM3 ¢ aToMHO-cnnoBa MuKpockonusa (AFM) ca
onpeaeneHn CTPYKTYPHUTE XapaKTEPUCTUKM Ha CIOEBETE c/ied TecToBe 3a orbBaHe. Ha 6asata
Ha M3MepeHUTe ONTUYHM U eNIeKTPUYECKU XapaKTepuctukn, AZO cnoeseTe BbPXY CAoga Ca
aganTUpaHW KaTo MNpPO3payHM NPOBOAMMM €NeKTpoaWN B YCTPOMCTBA C MbBKaBM MNOAMMEPHO
aucneprupaHn TeyHu kKpuctanm (PDLC). M3mepeHUTe eneKkTPOONTUYHWU XapaKTEePUCTUKU W
BPEMETO 33 peakuua Ha NpeasioKeHUTe YCTPOMCTBA Pa3KpUBaAT BUCOKMA NoTeHuman Ha AZO--
cnrofa 3a 6baeLm roBKaBM ONTOENEKTPOHHU NpuaoxKeHua 6es ITO.

9. Ga-Doped ZnO Coating—A Suitable Tool for Tuning the Electrode

Properties in the Solar Cells with CdS/ZnS Core-Shell Quantum Dots
Mariya Aleksandrova, Tatyana Ivanova, Velichka Strijkova, Tsvetozar Tsanev, Ajaya Kumar
Singh, Jai Singh and Kostadinka Gesheva

Abstract: Two layer system from sputtered indium tin oxide (ITO) and gallium doped zinc oxide
(Ga:Zn0O, GZO0) were studied for transparency in the visible electromagnetic range, reflectivity in
the near infrared range, conductivity and valent band for a solar cells with quantum dots. The
bi-layer coatings produced at optimized oxygen partial pressure, films thickness and surface
roughness exhibit improved optical properties without worsening the electrical parameters,
even if additional oxygen introduction during the reactive sputtering of the GZO.With an
average optical transmittance of 91.3% in the visible range, average reflection and resistivity
lower than 0.4 x10”> Q.cm, these coatings are suitable for top electrode in the solar cells. The
obtained results reveal that multilayered stacks of transparent ITO/Ga-doped ZnO coatings
possess relatively low surface roughness (7-9 nm) and appropriate refractive index. The
additional oxidation of GZO films induces modification of the film thickness and respectively of
their optical performances.

ZnO nokputMe nernpaHo ¢ Ga-— noaxoaAl, MeTom 3a HAcTPOMKA Ha
CBOMCTBAaTa Ha €/IeKTPOAa B CTbHUEBUTE KNETKU C KBAHTOBM TOUKM CdS/ZnS ot
TMNa A4p0-06BUBKa

Mapwusa AnekcaHgpoBa, TataHa MBaHoBa, Beanuka CTpuKKoBa, LiseTo3ap LlaHes, Agxxaa Kymap
CuHrx, Oxanh CnHrx n KoctagmHka lewesa

Pestome: [1BycnoliHa cuctema OT pasnpalleH MHameso KanaeH okcug (ITO) U UMHKOB OKcuA,
nervpaH ¢ raamit (Ga:ZnO, GZO) 6Axa u3cneABaHM 3a MNPOMNYCKAMBOCT BbB BUANMMMUS
eNeKkTpomarHuteH o6xBaT, oTpaxaTenHa cnocobHoct B 6au3kma uHdpavepseH 06xBaT,
NPOBOAMMOCT M BaNE€HTHA 30HA 33 CABHYEBM KNETKM C KBAHTOBM TOYKWU. [BycnonHute
NOKPUTMA, NOAYYEHN NMPU ONTUMM3MPAHO MapLMaNHO HanAraHe Ha Kucaopoga, aebennHa Ha
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€108 1 rPanaBoCT Ha NOBbPXHOCTTA NOKa3BaT NoA406PEHN ONTUYHM CBOMCTBA, 6€3 ga BOWaBaT
eNeKTPUYEeCcKMTE NapameTpu, 40PU NPU AOMBAHUTENHO BbBEXKAAHE HA KMC/IOPOA NO Bpeme Ha
pasnpawsaHe Ha GZO. lMonyyeHuTe py3ynTatm - cpegHa ONTUYHA NponyckamseocT oT 91,3% BbB
BUAMMMA OMANA30H, CPeaHO OTparKeHMe U CcbnpoTusneHue no-Huckn ot 0,4 x107 Q.cm,
MoOKa3BaT 4Ye Te3n MNOKPUTMATA Ca MNOAXO4ALM 33 NPUIOXKEHME KATO rOpeH eneKkTposd B
CNbHYEBUTE KNETKW. MHOroc/sionHaTa CTpyKkTMpa oT npo3paynn ITO/Ga-nermparHn ZnO NoKpUTHA
npuTeXKasaT OTHOCUTE/IHO HUCKA FPanaBoCT Ha NOBbPXHOCTTa (7-9 nm) 1 noaxoAadAll, NoKasaTen
Ha npeyynsaHe. JONbAHUTENHOTO OKUcneHne Ha GZO cnoeseTe BOAAT A0 MPOMAHA Ha
AebenvHa MM 1M CbOTBETHO Ha TEXHUTE ONTUYHU XapPaKTEPUCTUKM.

10.Study of Sputtered Zn0:Ga,0; Films for Energy Harvesting Applications
Mariya Aleksandrova, Tatyana Ivanova, Frank Hamelmann, Velichka Strijkova and Kostadinka
Gesheva

Abstract: Thin films of Zn0:Ga203 (ZGO) were deposited by radio frequency (RF) sputtering at
voltages of 0.5, 0.9 and 1.1 kV. The films were studied with respect to their suitability in flexible
piezoelectric nanogenerators. The analysis of the spectroscopic and microscopic results showed
that piezoelectric features were revealed for the films grown at all sputtering voltages, but the
most favorable morphology in terms of low roughness was achieved at 1.1 kV. The effect of the
sputtering voltage on the films crystallinity and lattice strain was studied. It was found that the
increasing sputtering voltage promoted the films crystallization. Additionally, the presence of
oxygen vacancies in the piezoelectric films was negligible as it is not a major factor affecting
their performance. The electrical measurements of the Ag/Zn0:Ga203/Ag harvester on a
flexible substrate in the low-frequency range showed a piezoelectric voltage of 414 mV, a
current of 10.4 pA and an electric power output of 1.4 pW at a mass load of 100 g. These
results were achieved by a simple architecture of a single piezoelectric layer with a relatively
small size of 3 cm? and small piezoelectric film thickness (600 nm) containing lead-free material.
It was proven that the sputtered ZGO films are suitable for energy harvesting elements and
their performance could be tuned by the sputtering voltage. Another possible application of the
proposed device, excluding low-frequency vibrational harvesting, could be a pressure sensor or
strain gauge, due to the good linearity of the electrical parameter dependences on the strain.

U3cneaBaHe Ha cnoese ot Zn0:Ga,0; ¢ npunoxkeHue 3a ,ynaBaHe” Ha

MOMEHTHa eHeprua
Mapua AnekcaHaposa, TataHa WBaHoBa, ®PpaHk XamenmaH, Benuuka CTpuKKoBa U
KoctaguHka lNewesa

Pestome: TbHKKM cnoeBe oT Zn0:Ga,0; (ZGO) baxa oTnoxeHu 4ypes BucokouvecToTHO (RF)
pasnpawsaHe npu HanpexeHua ot 0,5, 0,9 n 1,1 kV. ChoeseTe 6Axa M3cneaBaHU No OTHOLLEHME
Ha TAXHOTO MNPUWNOMKEHWEe B [bBKAaBM MNUE30ENEeKTPUYHU HaHoreHepaTtopu. AHANAU3bLT Ha
CNEeKTPOCKOMNCKUTE U MUKPOCKOMCKUTE pe3ynTaTh MoKasa, Ye BCUYKU C/I0eBe, MoaydyeHu npu
pasNNYHUTE HaMnpeXKeHUA Ha pasnpallBaHe, NPUTEXKABaT NUEe30eNeKTPUUYHU XaPaAKTEePUCTUKM,
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HO Hal-6naronpmAaTHa MopdONOrMA MO OTHOLIEHWE HA HWUCKaTa rpanaBoCT € MOCTUrHaTa npwu
HanpexeHne 1,1 kV. MWU3cneaBaH e edeKkTbT Ha pa3npallBallOTO HaMpexKeHue npu
NoJly4aBaHeTO BbPXY KPUCTANHOCTTA Ha cnoeseTe U gedopmaumaATa Ha pelleTkaTa. YCTaHOBEHO
e, Ye HapacTBaLOTO HaMpeXXeHue Npu pasnpalBaHeTo BOAM A0 3acuMieHa KpucTanusauma Ha
cnoeseTte. OcBeH TOBa, HAa/MUMETO HA KUCNOPOAHUTE BAKaHTHU MeCTa € He3HauyuTenHo B
nue3oeNieKTPUYHUTE CNO0EBE, Tbil KaTo He ca OCHOoBeH ¢GaKTop 3a TAXHOTO AeNCTBME.
EnekTpuueckute mMamepBaHUA Ha cTpyKTypaTa Ag/Zn0:Ga,03/Ag BbpXy rMbBKaBa NOAJ/OXKKA B
HUCKOYECTOTHMA OMana3oH NOKa3Ba NMME30eNeKTpPUYecKo HanpexkeHme oT 414 mV, Tok ot 10,4
MA 1 u3xoaHa enektpuyecka mouwHocT ot 1,4 uyW npu macoso HatoBapsaHe oT 100 g. Te3u
pe3ynTaTM ca NOCTUTHATK Ype3 CTPYKTypa OT eAUHMYEH NUe30eNeKTPUYeH C10M C OTHOCUTENTHO
ManbK pasmep oT 3 cm’ 1 ¢ manbka AebenunHa Ha cnoiia (600 nm), He CbAbPMKALL 0N0BO.
Joka3aHo e, 4e cnoesete oT ZGO nosnyvyeHW uype3 pasnpawsBaHe ca noAxo4AwWwM 3a
eHepronpeobpasyBaTe/IHUTE eNeMeHTU WU TAXHATa MNPOM3BOAUTENHOCT MOXe Jda b6bae
ynpasaaBaHa 4pe3 HanpexeHueTo Ha pasnpawsBaHe. [lpyro Bb3MOMKHO MNPUNOXKEHWE Ha
NpeaoXKeHoTO YCTPOMCTBO, MOXe aa ObAe ceH3op 3a HanfAraHe WMAM TEH30METbp, Nopaam
[obpaTa IMHENHOCT Ha eN1eKTPUYECKUTE XapaKTEPUCTUKKU B 3aBUCMMOCT OT aedopmaumaTa.

11.Evolution of WSe, Flakes Synthesized by Thermally Assisted Conversion

Method
Vera Marinova, , Krastyo Buchkov, Vladimira Videva, Irnik Dionisiev, Nikolay Minev, Velichka
Strijkova , Deyan Dimov, Hristosko Dikov, Ivalina Avramova, Peter Rafailov and Dimitre Dimitrov

Abstract: We report the synthesis of tungsten diselenide (WSe2) flakes and continuous layers
using an atmospheric pressure thermally assisted conversion (TAC) method, where the
tungsten (W) layers were pre-deposited by a magnetron sputtering system onto fused silica
substrates. Optical microscopy (OM) and atomic force microscopy (AFM) mapping
predominantly revealed the formation of isolated flakes with different shapes, mainly
concentrated near the substrate’s edges, which tended to form clusters and to further overlap
to continuous layers, moving to the central part of the fused silica substrates. Raman
spectroscopy and photoluminescence measurements confirmed the existence of atomically
thin flakes and 2H-WSe2 continuous layers. The measured current—voltage characteristics
indicated Ohmic behavior under dark conditions and photo illumination. Finally, the
demonstrated resistor-like behavior suggested unlimited prospects for WSe2 integration into a
variety of heterostructures.

Esonouma Ha WSe, N0CNU, CUHTE3UPAHU 4Ype3 TEePMMUYHO aCUCTUPaAH

meTopa, (TAC) 3a npeobpa3syBaHe

Bepa MapuHoBa, KpbcTbo byykos, Bnagumupa Buaesa, NpHuk AunoHucues, Hukonaih MuHes,
Benunuka CrpukkoBa, [leaH Jumos, Xpuctocko Jukos, UBannHa ABpamoBa, MeTbp Padaunnos u
Anmutsp umntpos
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Pestome: PaspaboTeH e MeToA 3a cMHTE3 Ha Atocnu (pneikn) ot Bondpamos auceneHng, (WSe,)
N HeNPeKbCHaTU C/I0EBE, C M3MOA3BaHEe METoAa TePMUYHO acucTupaHo npeobpasysaHe (TAC)
npu atmocdepHO HanaraHe, nNpu Kouto cnoesete oT Bonadpam (W) ca npeasaputenHo
OTNOXKEHW Ype3 MAarHeTPOHHO pa3snpallBaHe BbPXy NOANOXKKM OT cToneH KBapy,. lNpoBegeHmaT
aHanu3 ¢ OnTnyeH mukpockon (OM) 1 uscneaBaHeTo ¢ aTOMHO CWoBa MUKpockonua (AFM)
pa3sKpmBaT 06pasyBaHETO Ha M30JINPAHM IOCIN C PA3INYHKU GOPMU, KOHLEHTPMPAHU FNABHO B
61130CT A0 KpauwaTta Ha noanoxKaTta. [fpeMnHaBaikn KbM LeHTpaiHaTa YacT Ha NoA/10KKaTa
OT CTOMEH KBapL, /IIOCMWUTE Ca CKAOHHM Aa obpasyBaT KAbCTEPUM W AOMBAHUTENHO Ja ce
NPUNOKPMBAT W MNpemMMHaBaT B HenpeKkbCcHaT cnoW. PamaHoBata cnekTpocKonua WU
N3MepBaHMATa Ha GOTONYMUHECUEHUMA MNOTBbPAUXA HA/NAMYME HA aTOMHO TbHKM AOCIN U
HenpeKkbcHaTh cnoese oT 2H-WSe,. U3cnegBaHeTo Ha BOAT-aMNEPHUTE XapaKTEPUCTUKM NOKA3a
OMMYHO NOBEeAEHME Ha TbMHO WM nNpu GOTO ocBeTABaHe. [eMOHCTPMPAHOTO MOBeAeHue,
nogo6bHO Ha pe3ncTop, Npeanosiara HeorpaHMYeHW NepPCcnekTMBU 33 UHTerpmpaHeTo Ha WSe; B
pa3Hoobpasue oT XeTEPOCTPYKTYPU.

12.Anisotropic Optical Response of WTe2 Single Crystals Studied by

Ellipsometric Analysis
Krastyo Buchkov, Rosen Todorov, Penka Terziyska, Marin Gospodinov, Velichka Strijkova,
Dimitre Dimitrov, and Vera Marinova,

Abstract: In this paper we report the crystal growth conditions and optical anisotropy
properties of Tungsten ditelluride (WTe;) single crystals. The chemical vapor transport (CVT)
method was used for the synthesis of large WTe2 crystals with high crystallinity and surface
quality. These were structurally and morphologically characterized by means of X-ray
diffraction, optical profilometry and Raman spectroscopy. Through spectroscopic ellipsometry
analysis, based on the Tauc—Lorentz model, we identified a high refractive index value (~4) and
distinct tri-axial anisotropic behavior of the optical constants, which opens prospects for
surface plasmon activity, revealed by the dielectric function. The anisotropic physical nature of
WTe2 shows practical potential for low-loss light modulation at the 2D nanoscale level.

AHM30TpPONEH ONTUYEH OTKNIUK HAa MOHOKpuctanu ot WTe,, nuscneapaH

ypes eamncomeTpuyeH aHaaums
Kpbctbo byukos, PoceH Topopos, [MeHka Tep3swuitcka, MapuH TlocnoguHoB, Benunuka
CrpuxkoBa, Avmutop Aumuntpos 1 Bepa MapuHosa,

Peslome: B Tasu cTatva cbobliaBame 3a YCNOBMATA Ha MOAyvYaBaHe Ha MOHOKPWUCTanAM OT
Bondppamos autenypug (WTe,) n nscnenBaHe Ha TAXHATA ONTUYHA aHU30TPONMA. 32 CMHTE3a Ha
Kpuctann ot WTe, C BMCOKa KPWUCTANHOCT M KayecTBO Ha MNOBBPXHOCTTa € WM3NOA3BaH T.Hap
MeToA, Ha XMMWYEeCKo oT/laraHe oT rasosa ¢asa (CVT). MonyyeHute obpasym 6sxa CTPYKTYPHO U
MOPdONOTMYHO OXapaKTepPM3MPaHW C MOMoOLWTa Ha peHTreHoBa AMdpakuusa, ONTMYHA
npodunomeTpma M PamaH cnekTpocKkonuaA. Ypes CneKTPpOCKONUYEH enuncoMeTpuyeH aHanus,
6asupaH Ha Mmogena Tauc-Lorentz, HMe nonyYyMxme BMCOKA CTOMHOCT Ha MNOKasaTena Ha
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npedynsaHe (n=4) M OTYETAMBO TPWUAKCMANHO aHM3OTPOMHO MOBELEHME Ha OMNTUYHUTE
KOHCTaAHTW, KOETO OTBapA MepCneKTUBM 3a pasnpocTpaHeHMe Ha MNOBBPXHOCTEH M/1Ia3MOHEH
pe3oHaHC. AHM30TpONHaTa Npupoaa Ha Kpuctanute ot WTe; OTKpmMBa NpakTUYECKU NoTeHuMan
3a MoAyAnauma Ha CBeT/IMHATa, C MHOFO HUCKW, 3arybun Ha HAHOHMBO.

13.Initial conditions for preparation of thin AIN films by atomic layer
deposition
M. Beshkova, B. S. Blagoev, V. Mehandzhiev, R. Yakimova, B. Georgieva,
I. Avramova, P. Terziyska, D. Kovacheva and V. Strijkova

Abstract. Thin AIN films were grown on Si substrates in a BeneqTFS-200 ALD reactor. The
atomic layer deposition (ALD) process consisted of two half cycles —aluminum adsorption and
nitridization separated by a purging step. TMA (trimethylaluminum) and NH; were used as
precursors, and nitrogen (N,), as a carrier gas. The pulse duration, purging time, deposition
temperature and other deposition conditions were varied to obtain AIN films with desired
properties. The X-ray diffraction (XRD) data showed that the AIN films had an amorphous
character. The films’ chemical composition and bonding states were investigated by X-ray
photoelectron spectroscopy. The high resolution Al 2p and N 1s spectra confirmed the presence
of AIN with peaks located at 74.1 eV and 397.7 eV, respectively, for all layers.

MU3xoaHu ycnoBuAa 3a nonyyaBaHe Ha TbHKM AIN cnoese upe3 aTOMHO

NOC/NOMHO OTNaraHe
M. bewkosa, b. C. bnaroes, B. MexaHgxues, P. AkmmoBa, b. leopruesa, N. Aspamosa, [l.
Tep3wuiicka, 1. Kosayesa u B. CtpukKoBa

Pe3stome: ToHKM cnoese oT AIN ca oTnoxeHU Bbpxy Si NoanoxKM B peaktop Beneq TFS-200 ALD.
MpouecbT Ha oT/NaraHe Ha aTomHu cnoese (ALD) ce cbCToM OT ABa Nonyumkaa — agcopbums Ha
ANYMUHUIN M HUTPUOM3AUMS, pasgeneHa OT eTan Ha npoayxsaHe. Kato npekypcopu 6sxa
nsnonssaHn TMA (TpumeTtunanymmHmii) u NHs, a Kato ras-Hocuten - a3oT (N,). 3a aa ce nonydar
AIN cnoese c oNnTMMasiHW CBOMCTBA CE NPOMEHAT NPOAB/IKUTENHOCTTA Ha UMMYJICa, BPEMETO 3a
npoayxBaHe Ha KamepaTta, TemnepaTypata Ha OTAaraHe M ApyrM ycnoBMA Ha MOJyyaBaHe.
JdaHHuTe oT peHTreHosaTta gudpakuyma (XRD) nokassat, ye cnoesete oT AIN mmat amopdeH
XapakTep. XMMUYHUAT CbCTaB M OKUCAUTENHOTO CbCTOAHWE Ha cnoeBeTe 6sxa M3cnenBaHU C
peHTreHoBa GOTOENEKTPOHHA CNeKTpocKonus. CNeKkTpuTe C BUCOKA pas3gesiuTesiHa CnocobHoCT
Al 2p u N 1s noTebpKaaBaT npucbcTeueto Ha AIN ¢ NMKoBe, Pa3nonoXKeHu cboTBeTHO npu 74,1
eV n 397,7 eV 3a BCMUYKU cnoese.

14.Morphological evolution of thin AIN films grown by atomic layer
deposition
M. Beshkova, B. S. Blagoev, V. Mehandzhiev, R. Yakimova, B. Georgieva, |I. Avramova, P.
Terziyska and V. Strijkova
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Abstract. Thin AIN films were grown using a Beneq TFS-200 ALD reactor. TMA
(trimethylaluminium) and NH3 were used as precursors. The substrate temperature was 330°C,
the ALD cycles, 550. The TMA and NH3 doses (pulses) lasted 180 ms and 90 ms, followed by 2-s
and 9-s nitrogen gas purge, respectively. In order to study the morphological evolution of the
thin AIN films, substrates providing different surface kinetics were used: Si-face and C-face of
4B-off axis and on-axis 4H-SiC, and graphene grown on 4H-SiC by sublimation. As revealed by
atomic force microscopy (AFM), the lowest RMS surface roughness of about 0.8 nm was
exhibited by the AIN film deposited on Si-face on-axis 4H-SiC due to its higher surface energy
which provides for better film nucleation. The chemical composition and bonding states were
investigated by X-ray photoelectron spectroscopy (XPS). The existence of AIN is justified by the
presence of the XPS peaks of Al 2p and N 1s at about 73.3 eV and 396.6 eV, respectively. These
results are promising in view of further studies of thin AIN films properties for application in
surface acoustic wave devices (SAW).

M3yuyaBaHe Ha mopdonoruatTa Ha TbHKU AIN cnoese, nonyyeHu uypes
OoT/IaraHe Ha aTOMEeHU cnoese

M. bewkosa, b. C. bnaroes, B. MexaHaxues, P. Akmmosa, b. leopruesa, N. Aspamosa, [l.
Tep3uiicka n B. CTpuKKoBa

Pestome: TbHKM AIN cnoeBe ce nosny4yaBaT ¢ NOMOLLTA Ha peakTop Beneq TFS-200 ALD. Kato
npekypcopn 6axa wusnonssaHn TMA (Tpumetunanymuuuin) m NHs. TemnepaTypata Ha
nognosxkkata e 330 °C, 550 uumKkbna Ha ALD. Aosute Ha TMA mn NHs (Mmnyncu) ca ¢
npogbskutenHoct 180 ms n 90 ms, nocnegBaHu oT 2-s U 9-s NpogyxBaHe C a30TeH ras. 3a ga ce
nscnensa mopdonoruata Ha nonydyeHute TbHKUTe cnoese oT AIN, 6axa M3NoN3BaHM NOANONKKM,
OCUTYpABALLM pa3NMyHA NOBBPXHOCTHA KMHETUKA: Kpuctan ot SiC cpA3aH No pasnuMyeH HayuH,
ocurypasankm Si-ctpaHa n C-ctpaHa ¢ oTknoHeHue 4° ot oc 4H-SiC, n rpadeH, nonyyeH Bbpxy
4H-SiC upe3 cybammauma. MocpeacTBOM aTOMHO-cuaoBa MuKpockonusa (AFM) nonyumxme, ye
HaM-HUCKa MNOBBPXHOCTHa rpanaBocT RMS ot okono 0,8 nm nmat cnoese AIN, nonyyeHn Bbpxy
Si-face no octa 4H-SiC nopagn no-BMcOKaTa My NMOBBPXHOCTHA EHEPrusA, KOATO OCUrypsaBa Mo-
A06po 3apoanwoobpasyBaHe Ha €10A. XMMUYHUAT CbCTaB U Bb3MOXKHUTE XMMUYHU BPB3KM Ha
NoBbPXHOCTTA 6sixa M3cnedBaHW 4Ype3 peHTreHoBa ¢OTOeNEeKTPOHHa cnekTpockonua (XPS).
CbwecTtByBaHeTo Ha AIN e gokasaHo oT Hanumuymeto Ha XPS nuKkoseTte Al 2p m N 1s cbe
CBbp3BaLLa eHeprusa okoao 73,3 eV u 396,6 eV, cboTBeTHO. Te3n pe3yntatu ca obelwasalum c
ornef Ha NO-HaTaTbWHKW U3CNeaBaHNA Ha cBoMcTBaTa Ha TbHKM AIN cnoese 3a npunoxeHue B
YCTPOWCTBA 33 MOBbPXHOCTHWN aKYCTUUYHU BbHU (SAW).

15.0ptimization of AIN films grown by atomic layer deposition
M. Beshkova, B. S. Blagoev, V. Mehandzhiev, R. Yakimova, B. Georgieva, |I. Avramova, P.
Terziyska, D. Kovacheva and V. Strijkova

Abstract. AIN thin films (=25 nm) have been grown with a Beneq TFS-200 ALD reactor on Si
(111) substrates. TMA (trimethylaluminum) and NH3 were used as precursors. The substrate
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temperatures were 330°C, ALD cycles 550. In order to study the stoichiometry of AIN film the
TMA and NH3 doses (pulses) were varied from 60 to 180 ms and from 60 to 90 ms, respectively.
X-ray diffraction (XRD) data showed that the AIN films have amorphous structure. Chemical
composition and bonding states were investigated by X-ray photoelectron spectroscopy (XPS).
High resolution Al 2p and N 1s spectra confirmed the presence of AIN with peaks located at
73.6 and 396.8eV, respectively for all layers. Furthermore, the atomic concentration of
constituent elements has been calculated from the high-resolution XPS scan. The results
revealed the Al/N ratio is close to the stoichiometric value (1:1) only for AIN film grown at TMA
and NH3 doses/pulses of 180 and 90 ms, respectively. AFM analysis showed that RMS
roughness value for AIN films grown at TMA: NHs pulse ratio 2:1 is about 1 nm. The results are
promising in view of further studies of AIN films for SAW device application

OntumusmpaHe Ha AIN cnoese, nonyyeHu uypes oT/iaraHe Ha aTOMEHMU
cnose

M. bewkosa, b. C. bnaroes, B. MexaHgxues, P. Akmmosa, b. leopruesa, N. Aspamosa, [l.
Tep3uiicka, . KoBayesa 1 B. CTpuiKKoBa

Pestome: AIN TbHKM cnoese (= 25 nm) ca nonyyenu c Beneq TFS-200 ALD peaktop Bbpxy Si
(111) nopnoxkkwu. Kato npekypcopu 6sxa um3nonssaHn TMA (TpumeTtunanymuuuii) u NHs.
Temnepatyputa Ha nognoxKkata e 330°C n 550 unKkabaa Ha oToXKeHW aToMHM cnoese (ALD). 3a
Aa ce wuscnegBa crexmomeTpuAta Ha AIN ¢uama, npomeHsxme NPOLABAKMTENHOCTTA Ha
nepunogmte Ha TMA un NHs ot 60 go 180 ms mn ot 60 go 90 ms cvorBeTHO. [laHHUTE OT
peHTreHoBa paudpakuma (XRD) nokassat, uye AIN dunmute umat amopdHa CTPYKTypa.
XUMWYHUAT CbCTaB U OKUCIUTENHUTE CbCTOAHMA HA CBbP3BaHe Ha cnoesBeTe 6axa u3cnenBaHM
ypes peHTreHoBa $GOToeNeKTPOHHa cnekTpockonusa (XPS). doToenekTpoHHUTe cnekTpu Al 2p n
N 1s cnekTpute C BMUCOKa pasfenntesiHa CrnocobHOCT MoTBbpKAaasaT Hanuumeto Ha AIN ¢
NMKOBE, Pa3NoONOXeHU cboTBeTHO npu 73,6 n 396,8eV 3a Bcuukm cnoese. OCBeH TOB3,
KOHUEHTpaLMATA B aTOMHU NPOLLEHTU Ha NUMUYHUTE eNeMEeHTM Ha NOBBPXHOCTTA € U34YUCNEHa
Bb3 OCHOBA HA 0N1aCTUTE PErncTpMpaHnM C BUCOKO pasaensHe. Pesyntatute pasKkpuBear, ue
cboTHoweHueto Al/N e 6aM3Ko A0 cTexnomeTpuyHaTta crtoiHocT (1:1) camo 3a AIN cnoese
nonydyeHn npun TMA n NHsz cborBeTtHO oT 180 M 90 ms. AFM aHanu3bT nokasa, ye RMS
CTOMHOCTTa Ha rpanasocTTa 3a AIN ¢unamm, nonydeHm npu TMA: NH; MMnyAcHO CbOTHOLEHUE
2:1, e okono 1 nm. PesyntatuTe ca obewasaliy ¢ ornes Ha No-HaTaTblUHKW M3cneaBaHusa Ha AIN
dunnmu 3a npunoxkeHme Ha SAW yctpoiictea

16.0rganic random laser generation by stimulated cascaded four-wave
mixing
Hristo Kisov, Kiril Blagoev, Vani Tankova, Biliana Georgieva, Velichka Strijkova, Petia Petrova,
Georgi Dyankov

Abstract: Our study investigated the nonlinear lasing properties of a solid-state dye laser. Laser
emission was provided by light amplification in static disordered nanostructures with the gain
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based on a xanthene dye-functionalized epoxy resin polymer. The emission spectrum was
found to be reproducible at each near-threshold excitation pulse. We consider that this
spectrum results from a non-degenerate cascaded four-wave mixing in the investigated gain
medium. The pump beams were generated simultaneously in the bulk isotropic active medium
by single-shot excitation on the nanosecond time scale. The downshift and upshift modes were
generated via their coherent pump beams. To our knowledge, this type of stimulated highly
nondegenerate cascaded four-wave mixing in the visible spectral range (486 nm — 680 nm) has
not been experimentally demonstrated before in a random gain medium.

OpraHuyeH croxacTMyeH (cnyyaeH) nasep reHepupaw, ANbYEeHUE B

cneapcrtsue Ha CTUMYJZIMPAHO KAaCKagHO 4eTUpuB®/IHOBO CMecBaHe
Xpucto Kucos, Kupun bnaroes, BaHu TaHkoBa, bunaHa leopruesa, Bennuka CrpuiKKoBa, leTa
MNeTtposa, leoprn JaHKoB

Pe3tome: HaweTo npoyyBaHe e CBbP3aHO C M3C/Ne[BaHe Ha HEIMHEMHUTE ONTUYHM CBOMCTBA Ha
TBbpAoTeNneH barpuneH nasep. J/lasepHOTO M3nbyBaHe belle MO/yYEeHO 4Ype3 ycuiBaHe Ha
CBET/INHaTa B HEMOAPEAEHU, HEMPOMEHSLLM Ce HaHOCTPYKTYPU Ha 6a3aTa Ha enoKkcuagHa cmona
C KCaHTeHOBM Harpuna. YCTaHOBEHO €, Ye CNEeKTbPa Ha U3/TbYBaHE € Bb3NPOU3BOAMM MPU BCEKU
MMNYJIC Ha Bb3byXdaHe okono (Hag) nparoBaTta eHeprus. Cuntame, Ye TO3U CNEKTLP € pe3yaTart
OT HeM3poAeHO KacKaZHO YEeTMPUBB/IHOBO CMeCBaHe B M3C/ie[BaHaTa ycwuiBalla cpeaa.
[Boliknte nbun (Noparkgallin 4YeTUPUBBIHOBOTO CMECBaHe) ce reHepupaT BbTpe B obemHaTta
M30TPOMNHa aKTUBHA Cpela eAHOBPEMEHHO NPWU BCEKU Bb3OYKAALW, MMMNY/AC B HaHOCEKYHAHATa
BpemeBa 06/1acT. BCUYKM 4eCTOTM B MO-HUCKOYECTOTHaTa M NO-BMCOKOYECTOTHaTa obnacT 6sxa
reHepMpaHu 4ypes noparkaawmTe rm ABOMKM KOXEPEHTHM NbYM Ha Bb3byKaaHe. 3a MbPBM MbT,
[ OKONIKOTO HU e M3BECTHO, B TaKaBa CPefla € EKCNepPMMEHTANIHO AEeMOHCTPUPAHO OT Hac To3u
TUN CTUMY/IMPAHO HEM3POAEHO KAaCKagHO YEeTMPMBBIIHOBO CMECBaHE BbB BUAMMMUS CNEKTPaNeH
AnanasoH (486 nm — 680 nm)

17.Development of a composite polymer-dye medium for tunable laser
emission

Hristo Kisov, Petia Petrova, Valery Serbezovb, Biliana Georgieva, Velichka Strijkova, Georgi
Dyankov

Abstract: We demonstrate optically pumped laser medium with emission in the visible spectral
range from binary solutions of Rhodamine 6G and Rhodamine B in epoxy resin as matrix
without appending additional scattering centers. A frequency doubled Q-switched Nd: YAG
laser was used for pumping. The generation’s behavior is similar to random laser (RL) with no
external optical resonator. The influence of the nanostructured morphology of the medium on
the laser properties was investigated by means of SEM, AFM, TEM, SAED, Spectrofluorimetry
and Spectrometry. The laser emission is characterized by high intensity — energy per pulse — 300
w, threshold pump energy 1.7 mJ, relatively low beam divergence of 70 mrad (for RL) and
spectrally narrowed major peak at 597 nm. The new gain medium was also investigated in a
conventional tunable resonator. Generation with continuous tuning in the spectral range 590—
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610 nm was obtained. This new effective nanostructured medium,which shows with high
optical and energy parameters, can be used in speckle-free laser imaging, time-resolved
microscopy, high speed optical converters and others photonics applications.

Pa3paboTBaHe Ha KOMNO3UTHa cpeaa noaumep-6arpuno 3a peryanpyemo
Na3epHo U3NbuBaHe

XpucTo Kucos, Meta MNeTposa, Banepu Cepbe3os, bunana Neopruesa, Bennuka CTpuKKoBa,
leopru JaHKOB

Pe3tome: [lemOHCTpMpa ce ONTUYHO Nla3epHa cpefa C M3NbyYyBaHe BbB BUAUMMUA CrEKTpaneH
Ananas3oH oT buHapHu pastBopu Ha Rhodamine 6G n Rhodamine B B enokcMaHa cmona KaTo
maTpuua 6e3 pgobaBsHe Ha AONBAHWUTENHM pascerBaliM LUeHTpoBe. 3a Bb3AyXKAaHe e
nsnonssaH Nd:YAG nasep c yaBoeHa 4yecTota M paboTtel, B pexum Ha Q-mogynauums.
[eHepMpaHOTO NbYeHUe MMa noBedeHMe, KOeTo e NoAo6HO Ha NbYEeHWMETO Ha CTOXAaCTUYEH
(cnyyaeH) nasep (RL) 6e3 BbHWEH onTudeH pesoHatop. WM3cnegBaHo e BAWAHMETO Ha
HAaHOCTPYKTypMpaHaTa Mopdonorns Ha cpeaaTa BbpXy CBOMCTBATA Ha N1a3epepHOTO AbYeHMe C
nomowta Ha SEM, AFM, TEM, SAED, cnektpobnyopumetrpma un cnektpomeTpus. JSlasepHoTo
M3/TbYBAHE CE XapaKTepu3upa C BUCOK MHTEH3UTET — eHeprna Ha mmnyac — 300 W, nparos.a
eHeprus Ha HanomneaHe 1,7 mJ, OTHOCMTENHO HUCKA Pa3XoAMMOCT Ha nbya oT 70 mrad (3a RL)
M CMEeKTPaIHO CTECHEH OCHOBEH MUK Npu 597 nm. HoBaTta cpeaa 3a ycuiBaHe belle uscneasaHa
B KOHBEHUMOHA/IEH MNpeHacTporBaem pe3oHaTop. Monyunxme reHepauua, KOATO € MAaBHO
npeHacTporiBaema B CnekTpanHuAa amanaszoH 590-610 nm. Ta3m HOBa HAHOCTPYKTYPUpPaHa,
epeKTMBHA Cpea NMOKA3Ba BUCOKM ONTUYHM U EHEPTUNHM MapaMeTPM U MOXKE [a Ce U3MNoa3Ba B
nasepHata ¢oTtorpadua, npu KoATO ce wu3barsa edekTa Ha cnekbn wusobpaxeHWeTo,
MMWKPOCKOMMWA OCHOBaHa Ha pasjenuTenHa CcnocobHocT Mo Bpeme, 6bp3n  OMNTUYHM
npeobpasysaTtenu u gpyru npuaoKeHuns sbs GOTOHMKaTA.

18.A Surface Plasmon Resonance Biosensor Based on Directly Immobilized
Hemoglobin and Myoglobin

Georgi Dyankov, Ekaterina Borisova, Evdokia Belina, Hristo Kisov, lvan Angelov, Alexander
Gisbrecht, Velichka Strijkova and Nikola Malinowski

Abstract: Immobilization of proteins on a surface plasmon resonance (SPR) transducer is a
delicate procedure since loss of protein bioactivity can occur upon contact with the untreated
metal surface. Solution to the problem is the use of an immobilization matrix having a complex
structure. However, this is at the expense of biosensor selectivity and sensitivity. It has been
shown that the matrix-assisted pulsed laser evaporation (MAPLE) method has been successfully
applied for direct immobilization (without a built-in matrix) of proteins, preserving their
bioactivity. So far, MAPLE deposition has not been performed on a gold surface as required for
SPR biosensors. In this paper we study the impact of direct immobilization of heme proteins
(hemoglobin (Hb) and myoglobin (Mb)) on their bioactivity. For the purpose, Hb and Mb were
directly immobilized by MAPLE technique on a SPR transducer. The bioactivity of the ligands
immobilized in the above-mentioned way was assessed by SPR registration of the molecular
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reactions of various Hb/Mb functional groups. By SPR we studied the reaction between the
beta chain of the Hb molecule and glucose, which shows the structural integrity of the
immobilized Hb. A supplementary study of films deposited by FTIR and AFM was provided. The
experimental facts showed that direct immobilization of an intact molecule was achieved.

MoBbPXHOCTEH NNAa3MOH pe3oHaHCeH 6uoceH3op, 6a3mMpaH Ha AUPEKTHO

MmMmobumnusmpaH xemornobuH nu mmornobuH
leopru [aHkos, EkaTepunHa bopuncosa, EBookua bennHa, Xpucrto Kncoos, UBaH AHrenos,
AnekcaHabp M'cbpexT, Beanuka Ctpukkosa n Hukona MannHoBcKku

Pe3stome: MmMobMNM3MpPAHETO Ha NPOTENHM BbPXY NpeobpasyBaTesl HA NOBbPXHOCTEH MA33MOH
pe3oHaHc (SPR) e genukateHa npoueaypa, Tbit KaTo 3arybata Ha 6GMOAKTMBHOCT Ha MPOTEMHA
MOXe @ HacTbNU MPU KOHTAKT C HeobpaboTeHaTa MeTasiHa MOBBLPXHOCT. PeleHMeTo Ha
npobnaema e M3noA3BaHeTO Ha UMOBMAN3ALMOHHA MATPMLA CbC C/IOXKHA CTPYKTYpa. ToBa obaye
€ 32 CMeTKa Ha bMOoCeH30pHATa CENEKTMBHOCT M YyBCTBUTENIHOCT. [JOKa3aHO €, Ye MEeTOAbT Ha
MMMY/CHO Nla3epHO M3napsBaHe C Nomolita Ha maTpuua (MAPLE) ce npwnara ycnewHo 3a
ANPEeKTHa MMobunumsaumsa (6e3 Brpakaalia maTpuua) Ha NPOTEMHM, 3ana3BalikKM TAXHaTa
6uoaKktmeHocT. [locera otnaraHeto 4ype3 MAPLE He e n3BbpLIEHO BbPXY 3/1aTHA MOBBLPXHOCT,
KaKTo ce M3nckBa 3a SPR 6rnoceH3opu. B Tasum cTaTusa nsyvyaBame Bb34eNCTBMETO HA AUPEKTHOTO
NMObUIN3UpPaHEe Ha XeMoBUTe NpoTenHn (xemornobuH (Hb) n mmnornobun (Mb)) Bbpxy TaxHaTa
6uoaKkTmeHoOCT. 3a uenta Hb n Mb 6axa gMpeKkTHO MMobuansnpanHu Ypes TexHnka MAPLE Bbpxy
SPR npeobpasyBaten. BMOAKTUBHOCTTa Ha AuUraHguTe, MMOBUAM3MPAHW NO FropecnomMeHaTus
HauuH, ce oueHABa OT SPR pernctpauus Ha MONEKYNAApHUTE peakuum Ha pasandHn Hb/Mb
dyHKUMOHanHM rpynu. Ypes SPR wuscnepBaxme peakumata mexkgy 6eta Bepurata Ha
monekynaTa Hb 1 rntokosaTta, KOeTO CbBMECTHO C U3c/ieaBaHMUTE peakunm Ha B3auMogencTemne ¢
CO u NO MOKasBa CTPYKTYpHaTa UANOCTHOCT Ha umobunumsmpaHata Hb monekyna.
JonbiHUTeNHO cnoeBeTe 6sxa oOxapakTepusupaHu ¢ nomowrta Ha FTIR wn  AFM.
EKcnepumeHTanHUTe ¢GakTM nNokassaT, Ye Oelwe MOCTUIHATO AMPEKTHO UMOOMAM3MpPaAHE Ha
HEeNOKbTHaTa MOJIeKy/a.

19.SPR-Based Kinetic Analysis of the Early Stages of Infection in Cells Infected

with Human Coronavirus and Treated with Hydroxychloroquine
Petia Genova-Kalou, Georgi Dyankov, Radoslav Marinov, Vihar Mankov, Evdokiya Belina, Hristo
Kisov, Velichka Strijkova-Kenderova and Todor Kantardjiev

Abstract: Cell-based assays are a valuable tool for examination of virus—host cell interactions
and drug discovery processes, allowing for a more physiological setting compared to
biochemical assays. Despite the fact that cell-based SPR assays are label-free and thus provide
all the associated benefits, they have never been used to study viral growth kinetics and to
predict drug antiviral response in cells. In this study, we prove the concept that the cell-based
SPR assay can be applied in the kinetic analysis of the early stages of viral infection of cells and
the antiviral drug activity in the infected cells. For this purpose, cells immobilized on the SPR
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slides were infected with human coronavirus HCov-229E and treated with hydroxychloroquine.
The SPR response was measured at different time intervals within the early stages of infection.
Methyl Thiazolyl Tetrazolium (MTT) assay was used to provide the reference data. We found
that the results of the SPR and MTT assays were consistent, and SPR is a reliable tool in
investigating virus—host cell interaction and the mechanism of action of viral inhibitors. SPR
assay was more sensitive and accurate in the first hours of infection within the first replication
cycle, whereas the MTT assay was not so effective. After the second replication cycle, noise was
generated by the destruction of the cell layer and by the remnants of dead cells, and masks
useful SPR signals.

KuHeTMueH aHanu3 6asupaH Ha MNOBBPXHOCTEH MJIa3MOHEH pe3yHaHC
(SPR) Ha paHHUTe eTanu Ha UHPEKUUA B KNETKU, 3apaseHn C YOBeLUKU

KOPOHaBMPYC U NeKYBaHU C XUAPOKCUXTOPOXUH
MNeTa NeHosa-Kany, l'eoprun AaHKkos, Pagocnas MapuHos, Buxbp MbHKoB, EBOOKMA BenunHa,
Xpucto Kncvos, Bennuka Ctpuxkosa-KeHgeposa n Togop KaHTapaxunes

Pe3stome: KnetbuyHo-6asmpaHUTe aHaAM3M ca LUEHEeH WHCTPYMEeHT 3a u3c/iedBaHe Ha
B3aMMOLENCTBUATA BUPYC-TOCTONPUEMHMK W MNPOLECM 33 OTKPMBAHE Ha JIEKAPCTBa,
No3BO/IABALLN NO-GM3MOIOTMYHA HACTPOMKA B CPaBHEHMNE C BUOXMMUYHUTE aHaNU3n. Bbonpeku
¢dakKTa, ye KnetbyHo 6asmpaHuTe SPR aHanmsm ca 6e3 eTUKeTU U MO TO3M HAYMH ocurypsasat
BCMYKM CBbP3aHM NPESMMCTBA, Te€ HUKOra He ca OWAM M3NonN3BaHM 3a w3cnenBaHe Ha
KMHETMKaTa Ha BUPYCHMA pacTeX M 3a NPOrHosmpaHe Ha aHTUBUPYCEHMA OTroBOpP Ha
NIeKapCcTBOTO B KNeTKUTe. B ToBa npoyyBaHe HWe [OKa3Bame KOHLeNuMATa, Ye KNeTbYHO-
6a3unpaHuAaT SPR aHanu3 moxke Aa ce NPUAOXKM B KUHETUYHWUTE aHA/IM3 Ha PaHHMTE eTanu Ha
BMPYCHA MHPEKLMA HA KIETKUTE M aKTUBHOCTTA HA aHTUBMPYCHOTO JIEKAPCTBO MPU 3apa3eHuTe
KNETKW. 33 Tasu Len KNEeTKUTE, UMOOMAM3MPAHU BbpXy CTbKnata Ha SPR, 6saxa 3apaseHun ¢
yoBeL KN KopoHasupyc HCov-229E 1 TpeTnpaHu ¢ xmuapoKcmxnopoxmH. OTroBopsbT Ha SPR 6ewwe
uscnepgBaH B PaHHMTE eTanu Ha WMHOEKUMATa 33 HAKOJIKO pPas/IMYHM BPEMEHA chep,
TpeTupaHeTo. NpMUeTUsT 3a 31aTeH CTaHAapPT MeToA, - MeTUN Ta3onun Tetpasonnin (MTT) belwe
M3MON3BaH 3a CpaBHUTENEH aHanm3. YctaHoBuxme, Ye pesyatatute ot SPR u MTT aHanusuTe ca
KOHCUCTEHTHM M SPR e HagexaeH MeToZ 3a M3c/eABaHe Ha B3aMMOLENCTBMETO BUPYC-
FOCTOMNPUEMHMK KAaKTO U MexaHM3Ma Ha AelCTBMEe Ha BUPYCHU MHXMOBUTOpU. SPR aHanusbT
bele No-4yBCTBMTENEH M TOYEH B MbPBUTE YAacoBE Ha MHOEKLMATA B PAMKUTE HA MbPBU LUK
Ha penauKauma, aokato MTT aHanu3bT He e TonKkoBa edekTmBeH. Cnesd BTOPMA UMKbBA Ha
penanKauma, WyMbT € reHepupaH OT pa3pyLllaBaHETO Ha KAEeTbYHUA CAION M OT ocTaTbuuTe OT
MBPTBU KNETKN U MacKkupa nonesHute SPR curHanu.
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