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1. Structure-property relationship and photoinduced birefringence of the azo and azo-
azomethine dyes thin films in PMMA matrix.

Stoilova A, Georgiev A, Nedelchev L, Nazarova D, Dimov D.
Optical Materials, 87, Elsevier, 2019, DOI:10.1016/j.0ptmat.2018.07.010, 16-23.

Abstract: Here, we present previously synthesized azo and azo-azomethine dyes as thin films in
PMMA matrix in order to investigate their spectral and optical properties. The spectral properties
of the vapour deposited 100 nm nanosized films of the dyes have been characterized by UV-VIS
and Fluorescence spectroscopy to determine the excitation and emission energies of the
electron transitions. Photoinduced birefringence was induced in the films by pump lasers with
wavelengths 355 nm and 491 nm in the region of the absorbance band of the chromophores
used. The kinetics of recording, relaxation and erasure of birefringence were presented. The
photochromic behaviour of the chromophore groups in azo dyes (-N=N-) and azo-azomethine
dyes (-N=N- and eCH=N-) were evaluated as potential light driven reversible optical storage
devices. The presence of two photoactive groups in azo-azomethines makes them appropriate
candidates for optical photoswitches.

Peslome: TyK npepcraBAMe CUHTE3MPAHM a30 U A30-a30METUMHOBM 6arpuna, OTNOXKEHM noj
dopmata Ha TbHKM duamm B PMMA maTtpuua, c uen ga ce nscnenBaTt TEXHUTE CMEKTPaIHU U
ONTMYHM cBOMCTBA. CNeKTpanHMTe CBOMCTBA Ha BaKyyMHO OT/10xKeHnTe 100 nm HaHOpasMepHHU
cnoese Ha barpunaTta ca xapaktepusupaHu c UV-VIS un dayopecueHTHa cnekTpockonusa 3a
onpefenAHe eHeprumMTe Ha Bb3OyKAAHE W W3NbYBAHE HA ENEKTPOHHUTE Npexoau.
doTOoMHAYLMpPAHO By AbYenpeyvynsaHe 6e MHAYUMPAHO B C/I0EBETE, Ype3 HAMOMMBALLM Na3epu
C Ab/XKMHA Ha BbAHaTa 355 nm u 491 nm B obnactta Ha abcopbuma Ha mM3Non3BaHUTE
xpomodopu. baAxa npeacTtaBeHW KUMHETUKUTE Ha 3anuc, penakcauma M U3TpMBaHE Ha
AByNbyenpedynsaHeTo. POTOXPOMHOTO NoBeAeHME Ha XpoModOopHUTe rpynu B a3o barpunara (-
N = N-) n a3o-azometnHoBuTe 6arpuna (-N = N- n eCH = N-) 6e oueHeHo KaTo NoAxoAALLO 3a
NPUIOXKEHWE B HamnpaBaTa Ha obpaTUMM YCTPOKCTBA 3a ONTUYeH 3anuc. Haanumeto Ha gBe
$OTOAKTMBHM TPYynn B a30-a30METUHUTE M NpPaBU MNOAXOAALM KaHAMAATM 33 ONTUYHM
doTonpeBKAOYBaATENN.

2. Vapour deposited nanocomposite films of perylene bis azo-imides with improved
photoresponsiveness by visible light.

Georgiev A, Dimov D, Stoilova A, Markova F, Nazarova D.
Optical Materials, 89, Elsevier, 2019, DOI:https://d oi.org/10.1016/j.0ptmat.2018.12.050, 5-13.

Abstract: The paper presents preparation of nanocomposite thin films of three newly
synthesized perylene bis azo-imides in polyimide matrix by vapour deposition, results of DFT
guantum chemical calculations on the optimized molecular geometry of trans (E) and cis (2)
isomers of the studied dyes as well as photoinduced birefringence measurements to explore
potential optical application of these novel materials. Vapour deposited single films of the dyes
were studied by reflectance UV-VIS and fluorescence spectroscopy in order to investigate the
nature of electron transitions and donor-acceptor interactions between phenylazo fragments
and perylene core. The nanocomposite films were prepared through vapour deposition of ODA
(4,4'-oxydianiline) and PMDA (pyromellitic dianhydride) as the host polymer matrix and of
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corresponding perylene bis azo-imide dyes as “guest” at two various concentrations 5 % and 10
% w/w. It was found that nanocomposite films have improved photoresponsivness by applying
visible light at A=532 nm compared to the single deposited films of dyes. This study shows the
applicability of the synthesized dyes embedded in the polyimide matrix as visible-light activated
molecular switches.

Pestlome: Cratuata nNpeactaBA NOAy4aBaHETO HA HAHOKOMMO3WUTHM TbHKM C/I0EBE OT TpU
HOBOCMHTE3UPAHU NepuneH buc aso-Mmngm B NOAMMMUAHA MATPMLA Ype3 BaKYYMHO OTaaraHe,
pe3ynTaT OT KBAHTOBO-XMMWUYHUTE M34McneHna Ha DFT Bbpxy onTMMmsmpaHaTa MOJEKY/IHA
reomeTpus Ha TpaHc (E) u umc (Z) nsomepwn Ha M3cnenBaHUTe 6arpmna, KakTo U U3MEpPBaHUA Ha
GOTOMHAYLUMPAHOTO ABynbyenpedynBaHe 3a W3c/ieABaHe Ha MOTEHUMAZIHOTO ONTUYHO
NPUNOXKEHNE HA TE3N HOBU MaTepuann. BakyymHO nsanapeHuTe TbHKKU canoese Ha barpunaTa ce
nscneaBat ypes oTtpaxkatenHa UV-VIS n dbnyopecueHTHa cnekTpockonus, 3a ga ce uscneasa
€CTeCTBOTO Ha e/IeKTPOHHUTE NPEeXoan U B3aMMOLENCTBMETO MeXAY AOHOP U aKLENTOP MexXay
deHnnaso ¢parmeHTM M nNepuaeHoBo AAPO. HaHOKOMMNO3UTHUTE cnoeBe ca NOMyYeHW 4ypes
BaKyymMHO u3napeHune Ha ODA (4,4'-okcuanaHunuH) u PMDA (nMpomenuTtuyeH avaHxuapva,)
KaTo roCTONpPMEMHA NOAMMEPHA MaTpULA M HA CbOTBETHWUTE NepauMHeH Buc aso-uMmuaHu
6arpuna Kato "roct" npu ase pasnnyHM KoHUeHTpauumn 5% n 10 % w / w. Ypes npunaraHe Ha
BMAMMA CBETIMHA Npu A = 532 nm e ycTaHOBEHO Ye HAaHOKOMMO3UTHUTE C/lI0eBe ca nogobpuamn
$OTOOTKIMKA B CpaBHEHME CbC cnioeBeTe oT 6arpuna. ToBa npoyyYBaHe NOKa3Ba NPUIOKMMOCTTA
Ha CUMHTe3npaHuTe 6arpuna, BrpageHNW B NOAMMMMAHATA MaTpULA KaTO MONEKY/HU
NPeBKAOYBATENM, AKTUBMPAHU C BUAMMA CBET/IMHA.

Photoinduced birefringence in azopolymer doped with Au nanoparticles.

Nazarova D, Nedelchev L, Stoykova E, Blagoeva B, Mateev G, Karashanova D, Georgieva B,
Kostadinova D.

Journal of Physics: Conference Series, 1310, IOP Publishing, ISSN: 1742-6596 DOI:10.1088/1742-
6596/1310/1/012018, 012018-1-012018-6.

Abstract: A study of the photo induced birefringence in nanocomposite thin films of the
azopolymer PAZO - (poly[1-[4-(3-carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-
ethanediyl, sodium salt]) doped with gold (Au) nanoparticles (NPs) is presented. The NPs are with
a spherical shape and mean size 10 nm. Transmission electron microscopy (TEM) and Dynamic
Light Scattering (DLS) analyses of the particles have also been made. Samples were prepared
with five different concentrations of the NPs in the azopolymer films varying from 0 (non-doped
azopolymer film) to 4 a.u. (1 a.u. = 0.015 wt %). Birefringence was induced by a He-Cd laser with
a wavelength 442 nm and measured with probe Diode Pumped Solid State (DPSS) laser at 635
nm. An increase of the photo induced birefringence in doped azopolymer nanocomposite films
compared to samples of undoped azopolymers was observed. The maximal enhancement was
achieved for films with 2 a.u. of Au NPs.

Pesiome: [lpeactaBeHO e wu3cneaBaHe Ha GOTOMHAYUMPAHOTO ABynbyenpedynsaHe B
HaHOKOMMO3UTHM TbHKKU cJioeBe Ha asononumepa PAZO (nonu [1- [4- (3-Kapbokcu-4-
XnapokcudeHmnaso) beHseHcynpoHammao] -1,2-etaHaumn, HaTpueBa con]) AOTUPAHU CbC
3naTtHu HaHo4vacTuum (HY). HY ca cbe chepuuHa popma 1 cpeaeH pasmep 10 nm. HanpaseHu ca
N TPAHCMMUCUMOHHA eNleKTPOHHA MUKpockonua (TEM) n anHamMyHO pascelriBaHe Ha CBET/IMHaTa
(DLS) Ha uvactuumte. Mpobute ca NPUroTBEHW 3a NET Pas3/IMYHM KOHUEeHTpauumnm Ha HY B
a3onoMMepHUTe cnoese, Bapupaltm ot 0 (HegoTupaH azononmmepeH ¢mam) ao 4 a.u. (1 a.u =
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0,015 tern.%). AsynbyenpedyynsaHeTo ce nHayumpa oT He-Cd nasep c AbaKMHa Ha BbJIHaTa 442
nm n ce uamepsa ¢ nomouwita Ha DPSS nasep npu 635 nm. HabniogaBa ce yBennyeHue Ha
$GOTONHAYLMPAHOTO ABYyAbYenpeyynBaHe B [OTUPAHUTE a30MNOJAMMEPHM HAHOKOMMO3UTHMU
CNnoeBse B CpaBHEHME C Te3N OT HeZO0TUPaHUTE azonoanmepn. MakcMmanHoto nogobpeHue bewe
NMOCTUIHATO 3a ca0oeBeTe € 2 a.U. HA AU HaHOYaCTMUM.

Evaluation of activity from binary patterns in dynamic speckle analysis.

Stoykova E, Hoonjong K, Youngmin K, Nazarova D, Nedelchev L, lvanov B, Berberova N, Mateev
G.

Optics and Lasers in Engineering, 111, Elsevier, 2018, 50-57, ISSN 0143-8166,
DOl:https://doi.org/10.1016/j.optlaseng. 2018.07.020

Abstract: Pointwise intensity-based statistical processing of dynamic laser speckle patterns
formed on the surface of a diffusely reflecting object is perspective for monitoring of ingoing
processes of physical or biological activity within the object. The output of the measurement is
a two-dimensional map, which shows qualitatively regions of higher or lower activity on the
object surface. In the paper, we have proposed transforming the captured 8-bit encoded speckle
patterns into binary patterns by applying a pointwise threshold. Motivation behind this study is
the need for an algorithm, which is robust to non-uniform illumination and offers lowered
computational complexity as time and memory consumption. We showed by simulation and
experiment that quality of the map obtained by processing of correlated binary patterns
approached that achieved with 8-bit encoded patterns. We analyzed statistical behavior of the
estimates built from binary patterns and proved applicability of a non- stochastic threshold as
e.g. a constant intensity level at uniform illumination. The proposed algorithm was applied for
processing polymer drop drying experimental data.

Pe3rome: MoToYyKOBaTa WMHTEH3UTETHO 6asMpaHa CcTaTUCTMYecKa 06paboTKa Ha AUMHAMMYHM
Na3epHU CNeKbA CTPYKTYpH, GOpMUpPaHK BbPXY NOBbPXHOCTTA Ha ANdY3HO oTpassBaly, 06ekKT, e
nepcrnekTMBa 3a Habslo4eHMEe Ha BXoAAWMTe Npouecu Ha ¢usmyecka wMauM 6MoNornyHa
aKTUBHOCT B obeKTa. Pe3yntaTbT OT M3MepBaHETO e AByM3MepHa KapTa, KOATO MOKa3Bea
KayecTBEHO PErMoHM C NO-BMCOKA MM MO-HUCKA aKTUBHOCT BbPXY NMOBbPXHOCTTA Ha obeKTa. B
cTaTMATa CMe MpeasioXunn aa TpaHchopmupame 3acHeTUTe 8-6MTOBM KOAMPAHWU CNEKbA
KapTMHM B IBOMYHWN KapTUHU, Ype3 NpuaaraHe Ha NoToYKoB npar. MoTueaumaTa, KOATO CTOM 33/,
TOBa NpoyysBaHe, € HeobXoAMMOCTTa OT aNrOPUTbM, KOMTO € YCTOMYMB KbM HeeaHaKBO
OCBET/NIEHME U Mpeasiara NOHUMKEHA U3UMCIMTE/IHA CI0MKHOCT KaTo Pasxoj Ha Bpeme U namer.
Hue nokasaxme 4Ypes cUMynaLusa M eKCNEePUMEHT, Ye KayecTBOTO Ha KapTaTa, Moay4YeHa ypes
06paboTKa Ha KOpenvpaHu ABOWMYHWM KapTUHK, ce A06AMKaBa A0 NOCTUIHATOTO C 8-6MTOBM
KOAMPaAHU KapTUHWU. AHanM3Mpaxme CTAaTUCTUYECKO MOBEAEHME Ha OLLeHKUTe, U3rpafeHun ot
[LBOMYHU KAaPTUHW M lOKa3axme NPUIO0KMMOCTTa Ha HECTOXACTMYEH Npar, Hanpumep NOCTOAHHO
HWBO Ha UHTEH3UTET NPU PaBHOMEPHO ocBeTABaHE. MPeaNoKeHUAT aNropuUTbM beLle NPUIoXKeH
3a 06paboTKa Ha eKCNepUMEeHTaIHU AaHHU OT CyLLleHe Ha NOJIMMEPHU KarmKMu.

Synthesis, Spectroscopic and TD-DFT Quantum Mechanical Study of Azo- Azomethine Dyes. A
Laser Induced Trans-Cis-Trans Photoisomerization Cycle.

Georgiev A, Kostadinov A, Ivanov D, Dimov D, Stoyanov S, Nedelchev L, Nazarova D,

Yancheva D.

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 192, Elsevier, 2018,
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DOl:https://doi.org/10.1016/j.saa.2017.11.016, 263-274.

Abstract: This paper describes the synthesis, spectroscopic characterization and
guantummechanical calculations of three azo-azomethine dyes. The dyes were synthesized via
condensation reaction between 4-(dimethylamino)benzaldehyde and three different 4-
aminobenzene azo dyes. Quantum chemical calculations on the optimized molecular geometry
and electron densities of the trans (E) and cis (Z) isomers and their vibrational frequencies have
been computed by using DFT/B3LYP density-functional theory with 6-311++G(d,p) basis set in
vacuo. The thermodynamic parameters such as total electronic energy E (RB3LYP), enthalpy
H298 (sumof electronic and thermal enthalpies), free Gibbs energy G298 (sumof electronic and
thermal free Gibbs energies) and dipole moment pu were computed for trans (E) and cis (Z)
isomers in order to estimate the AEtrans = cis, Autrans = cis, AHtrans = cis, AGtrans = cis and
AStrans = cis values. After molecular geometry optimization the electronic spectra have been
obtained by TD-DFT calculations at same basis set and correlated with the spectra of vapour
deposited nanosized films of the dyes. The NBO analysis was performed in order to understand
the intramolecular charge transfer and energy of resonance stabilization. Solvatochromism was
investigated by UV-VIS spectroscopy in five different organic solvents with increasing polarity.
The dynamic photoisomerization experiments have been performed in DMF by pump lasers
A=355 nm (mostly E->Z) and A=491 nm(mostly Z - E) in spectral region 300 nm —800 nm at equal
concentrations and times of illumination in order to investigate the photodynamical trans-cis-
trans properties of the\\CH_N\\and\\N_N\\chromophore groups of the dyes.

Pestome: Ta3u cratma onucBa CWHTE3a, CMNEKTPOCKOMNCKOTO  XapaKTepusupaHe W
KBAHTOBOMEXAHUYHUTE W3YUCNEHUA HA TPWU a30-a30MeTMHOBWM barpwuna. barpunata 6Hnaxa
CUHTE3UPAHM Ype3 peaKkuma Ha KoHAEeH3auusa mexay 4- (ammetunamuHo) beHsangexug v Tpu
pa3nnyHun 4-ammHobeH3eH a3o barpuna. KBaHTOBO XMMUYHUTE U3YNCAEHUA HA ONTUMM3MpPAHATA
MONEKYNAPHA reoOMeTpMA U eNeKTPOHHUTE NAbTHOCTM Ha TpaHc (E) n uuc (Z) nsomepute u
TEXHUTE BMOPALMOHHM YECTOTM Ca M3YMCAEeHM 4ype3 m3nonssaHe Ha DFT / B3LYP nabTHoO-
dyHKUMOHaNnHa Teopua ¢ 6-311 ++ G (d, p ) 6asuc, noctaBeHa nog Bakyym. TepmoanHaMUUYHUTE
napameTpu Kato obuwa enekTpoHHa eHeprusa E (RB3LYP), eHTannuma H298 (cymod enekTpoHHU 1
TepMUYHU eHTannuu), 6eannatHa Gibbs eHeprua G298 (cymod eneKTPOHHU U TONJIMHHM EHEPrUn
Ha Gibbs) n annoneH MoMeHT U ce n3umcnasar 3a TpaHc (E) u unc (Z) nsomepwm, 3a aa ce n3uncnat
cToiHocTuTe Ha AEtrans = cis, Autrans = cis, AHtrans = cis, AGtrans = cis 1 AStrans - cis. Cnep,
ONTUMM3NPAHE Ha MOJIEKYAAPHATA reoOMeTpuA efIeKTPOHHUTE CMNEeKTpU ca NosyvYeHu upes
nsumcneHna Ha TD-DFT npu cbwma 6as3mMc M ca CbNOCTaBEHM CbC CNEKTPUTE Ha BaKyyMHO
n3napeHuUTe HaHopa3MepHU cnoese Ha barpunata. NBO aHanu3 Helwwe HanpaBeH C Len aa ce
pa3bepe BbTPEMONEKY/NHMA MPEHOC HA 3apAL WU eHeprvyAaTa Ha pe3oHaHCHATa CTabunmsauus.
PastBopumocTTa e uscnegsaHa 4pe3 UV-VIS cnekTpockonua 3a NeT Pas/IMYHM OpPraHUYHMU
pasTBopuTeAM C yBeAMYaBaWwad ce  MNOAAPHOCT. [dMHAMUYHUTE  eKCMepuMMeHTU Ha
doTomnsomepusaums ca nposeaeHu B DMF, nocpeactsom nasepu ¢ A = 355 nm (Hali-Beve E = 7)
nA =491 nm (npeanmuo Z - E) B cnektpanHa ob6nact 300 nm - 800 nm npu paBHM €KCNO3nLUN
Ha obnbuyBaHe, 3a fAa ce wuscnenBat GOTOAMHAMUYHUTE TPAHC-LUC-TPAHC CBOMCTBA Ha
xpomodopHute rpynm \\ CH_N \\ n \\ N_N \\ Ha barpunaTa.

Diffraction efficiency calculations of polarization diffraction gratings with surface relief.

Nazarova D, Sharlandjiev P, Berberova N, Blagoeva B, Stoykova E, Nedelchev L.
Journal of Physics: Conference Series, 992, |OP Publishing, 2018, ISSN:1742-6596,
DOI:10.1088/1742-6596/992/1/012018, 012018-1-012018-5.
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Abstract: In this paper, we evaluate the optical response of a stack of two diffraction gratings of
equal one-dimensional periodicity. The first one is a surface-relief grating structure; the second,
a volume polarization grating. This model is based on our experimental results from polarization
holographic recordings in azopolymer films. We used films of commercially available azopolymer
(poly[1-[4-(3-carboxy-4-hydroxyphenylazo) benzenesulfonamido]-1,2- ethanediyl, sodium salt]),
shortly denoted as PAZO. During the recording process, a polarization grating in the volume of
the material and a relief grating on the film surface are formed simultaneously. In order to
evaluate numerically the optical response of this “hybrid” diffraction structure, we used the
rigorous coupled-wave approach (RCWA). It yields stable numerical solutions of Maxwell’s vector
equations using the algebraic eigenvalue method.

Peslome: B Tasm ctatva HMe OLEHABAME OMNTMYHMUA OTKAMK Ha CTeK OT ABe AMPPaKUNOHHU
peweTkn C enHakBa eaHOMepHa nepuoamyHocT. [bpeBata e penedHa CTPYKTypa Ha
NMOBbPXHOCTTA; BTOpaTa - 06eMHa nonsapusauMoHHa peleTka. To3n MOZen ce OCHOBaBa Ha
HalWUTe eKCNepPUMMEHTA/IHU pe3ynTatu OT MNONSAPU3ALUMOHHKM  XosiorpadCKM  3anmcu B
a30no/IMMepHU cnoese. M3nonsBaxme c/ioeBe OT 3aKyneH asononumep (noam [1- [4- (3-
KapboKcu-4-xuapokcudeHmnaso) beHseHcyndoHammao] -1,2- eTtaHguun, Hatpuesa conl),
0603HayeH HakpaTKo KaTo PAZO. Mo BpemMe Ha npoueca Ha 3anuc, NoAApmU3aLMoHHa peLleTKa B
obema Ha matepumana u penedHa pelweTka BbpPXy MNOBbPXHOCTTa Ha c/oA ce obpasysar
e4HOBPEMEHHO. 3a 3 Ce OLEHWN YNC/IEHO ONTUYHMAT OTK/IMK Ha TO3M ,XxMbpua“-amdpakuMoHHa
CTPYKTYypa, HUE M3NON3BaXMe CTPOrnsa NoAXoA Ha KynavpaHe Ha BbaHuTe (RCWA). Tosn meTos
[laBa CTabUAHU UYUCNEHM pelleHMA Ha BEKTOPHUTE ypaBHeHMA Ha MaKcyen no metoga Ha
anrebpanyHOTO COBCTBEHO 3HaYEHMe.

Polarization holographic recording in thin films of pure azopolymer and azopolymer based
hybrid materials.

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

Optical Materials, 64, Elsevier, 2017, ISSN:0925-3467, 212-216.
DOl:https://doi.org/10.1016/j.0ptmat.2016.12.002

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.

Pestome: Hackopo 6e HabnwogaBaH edpeKkT Ha yCMABaHE Ha ABY/byenpedyynBaHeTo npu
a30noAuMMepu, AOTUPAHU C Pas3NnYHM HaHodacTMuu. CTaTMATa NPeacTaBs CPaBHEHUE MeXKay
napameTpuTe Ha MNONAPM3ALMOHHUTE XO0rpadCKM peLlleTKn, 3anncaHu B YUCT a3onoanmep
PAZO (Nonwu [1- [4- (3-kKapboKcu-4-xuapokcnudeHmnaso) 6eHseHcyndoHamumao] - 1,2-etaHanun,
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HaTpuesa conl) u B xnbpuaeH PAZO-6a3npaH opraHMyeH / HeopraHMYeH matepuan c BrpaeHu
ZnO HaHo4YacTULUM C pa3mep No-maabk oT 50 nm. 3a xonorpadckua 3anmc ce M3noa3ea Na3epHo
nsnbyBaHe npu 491 nm. Hapes c aHM30TpoNHaTa pelleTka B obema Ha cpegata ce popmupa u
NoBbPXHOCTEH pened. PeleTKn ¢ pasiMyHM NPOCTPAHCTBEHU YECTOTU Ca MOJIYYEHU, 4ypes
NPOMAHA Ha brbaa Ha 3anuc. BpemeBaTta 3aBMCMMOCT Ha AMdpakUMOHHaTa eEeKTUBHOCT ce
nscnegBa npu 635 nm, a BUCOYMHATA Ha penedHUTe pelleTkM ce onpedensa ot AFM. Hawute
pes3ynTaTu MOKasBaT, Y€ KakKTo audpakumoHHaTa edeKTUBHOCT, Taka WM BMCOYMHATa Ha
NOBbPXHOCTHUA pened 3a XMOPUAHUTE CA0eBe Ca NOBULLEHM NO OTHOLWLEHME Te3M 3anMcaHn Ha
YMCTUTE A30MOJIMMEPHMU C/I0EBE.

Dynamic speckle analysis with smoothed intensity-based activity maps.

Stoykova E, Berberova N, Kim Y, Nazarova D, Ivanov B, Gotchev A, Hong J, Kang H.
Optics and Lasers in Engineering, 93, 93, 2017, DOI:10.1016/j.optlaseng.2017.01.012, 55-65,
ISSN 0143-8166

Abstract: Pointwise intensity-based algorithms are the most popular algorithms in dynamic laser
speckle measurement of physical or biological activity. The output of this measurement is a two-
dimensional map which qualitatively separates regions of higher or lower activity. In the paper,
we have proposed filtering of activity maps to enhance visualization and to enable quantitative
determination of activity time scales. As a first step, we have proved that the severe spatial
fluctuations within the map resemble a signal-dependent noise. As a second step, we have
illustrated implementation of the proposed idea by applying filters to non-normalized and
normalized activity estimates derived from synthetic and experimental data. Statistical behavior
of the estimates has been analyzed to choose the filter parameters, and substantial narrowing
of the probability density functions of the estimates has been achieved after the filtering. The
filtered maps exhibit an improved contrast and allowed for quantitative description of activity.

Pestome: [lo TOYKOBWUTE aANrOPUTMUTE Ha 6asaTa Ha WMHTEH3MBHOCTTA HaKl-nonynapHuTe
aNropuTMM B AUHAMWUYHWUTE NA3epPHU CNEKb/ M3MEPBAHUA Ha OU3MYecKa MM buonorvyHa
aKTUBHOCT. Pe3ynTaTbT OT TOBA M3MepBaHe e ABYM3MEPHA KapTa, KOATO KayecTBeHO pasgens
061aCTV C NO-BUCOKA OT TE3M C MO-HUCKA aKTUBHOCT. B cTaTuATa cme npeanoxkunm puntpupaHe
Ha KapTuUTe NO UHTEH3UTET C uen nogobpaBaHe BM3yanM3aumaTa M Aa ce Aafe Bb3MOXKHOCT 3a
KOZIMYECTBEHO onpeAensiHe Ha BPEMEBUTE CKaM Ha aKTUBHOCT. KaTo NMbpBa CTbMNKa A0Ka3axme,
Yye CUNIHUTE MPOCTPAHCTBEHW KoslebaHMA B KapTaTa NPMAMYAT Ha LWYM, 3aBUCUM OT curHana. KaTo
BTOpa CTbMKa UOCTPUPAXMe NPUAAraHeTo Ha Npea/oXKeHaTa uaes, Kato Npuaoxuxme Gpuntpum
KbM HEHOPMWPaHM M HOPMWMPAHM OLEHKM Ha aKTMBHOCTTA, MOJYYEHU OT CUHTETUYHU M
eKCnepumeHTaNHN AaHHKU. CTaTUCTMYECKOTO NOBeAEHNE Ha OLLEHKUTE e aHaNn3npaHo 3a u3bop
Ha napameTpuTe Ha GUATbPA M € MOCTUrHATO 3HAYUTENIHO CTeCHsBaHe Ha OyHKUMUTE Ha
NABTHOCT Ha BEPOATHOCTUTE UM cnes dunTpmpaHeTo. PUNTPUPAHUTE KapTM NOKa3BaT Nof06peH
KOHTPACT 1 NO3BO/IABAT KO/IMYECTBEHO OMMCAHME HA AKTUBHOCTTA.

Laser induced optically and thermally reversible birefringence in azopolymers.

Nazarova D, Nedelchev L, Ivanov D, Blagoeva B, Berberova N, Stoykova E, Mateev G,
Kostadinova D.

Proceedings of SPIE, 10226, SPIE, 2017, ISSN:0277-786X, DOI:10.1117/12.2262357, 1022608-1-
1022608-7.
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Abstract: Azopolymers are well known organic materials for polarization holographic recording
due to the induced anisotropy under illumination with polarized light. They possess all the
desirable characteristics of the known polarization-sensitive materials, as high sensitivity and
reversibility, but excel them substantially in the magnitude of the photoinduced birefringence.
This makes possible to record reversible polarization gratings with high diffraction efficiency. In
this paper results of experimental investigations on the reversibility properties of birefringence
photoinduced in azopolymers are reported, depending on the conditions of subsequent optical
and thermal treatment. Thin films of different polymers were prepared in order to examine the
kinetics of multiple recording and erasure of birefringence in different types of azopolymers. The
reversibility of the polarization recording has been studied using two different method of erasure
— by increased temperature and on illumination with circularly polarized light.

Pestome: Asononumepute ca Aobpe M3BECTHM OPraHWYHW MaTepuanu 3a NONAPMU3ALMOHEH
xonorpadckM 3anuc nopagu MHAyuMpaHaTa aHW30TPONMUA NPW OCBETABaHEe C MNosApM3MpaHa
cBETIMHA. Te npuTesKaBaT BCUMYKM JKENaHW XapaKTEPUCTMKU Ha W3BECTHUTE MaTepuanu,
YyBCTBUTE/NIHM KbM NONAPU3ALLUA, KaTO BUCOKA YyBCTBUTENHOCT M 06PATUMOCT, HO CbLLECTBEHO
MM MPEeBb3XOXKAAT NO CTOMHOCTTa Ha GOTOMHAYUMPAHOTO ABy/abyenpedyynsaHe. Tosa AaBa
Bb3MOKHOCT 32 06paTMMO 3anMcBaHe Ha NOJIAPU3ALMOHHM PELIETKN C BUCOKA ANPPAKLMOHHA
epeKTUBHOCT. B Tasm cTatvA ca AOKNaABaHU pe3ynTaTv OT eKCnepuMeHTaNHU Npoy4YBaHMA 3a
06paTMMOCTTa Ha ABy/abyenpeyynsaHeTo, GOTOMHAYLUMPAHO B a30M0MMEPUN B 3aBUCUMOCT OT
YCNOBMATA Ha NocCneABala ONnTUYHA U TepmMMYHa 06paboTKa. M3roTBeHU ca TbHKM cnoese OT
Pa3NYHU NOMMEPHU, 33 Aa Ce U3CNeBa KNHETUKATa Ha MHOTOKPaTHOTO 3anncBaHe 1 U3TpuBaHe
Ha ABy/abyenpeyynBaHeTO B pa3/IMYHM BMAoBe asononnmmepu. ObpaTMmocTTa Ha 3anuca Ha
nonApusauuMaTa e MnpoydYeHo No ABa PasNMYHM MeToAa Ha U3TPUBAHE - 4Ype3 MoBULIEHA
TemnepaTypa 1 NpM OCBETABAHE C KPbroBo NoAApuUsnpaHa CBETNNHA.

Photoinduced variation of the Stokes parameters of light passing through thin films of
azopolymer based hybrid organic/inorganic materials.

Berberova N, Nazarova D, Nedelchev L, Blagoeva B, Kostadinova D, Marinova V, Stoykova E.
Journal of Physics: Conference Series (JPCS), 700, 1, IOP Publishing, 2016, ISSN:1742-6596,
DOI:d0i:10.1088/1742-6596/700/1/012032, 012032-1-012032-5. S

Abstract: Hybrid materials synthesized by combining polymers and inorganic nanoparticles
(NPs) have received considerable attention recently due to their advantageous electrical, optical,
or mechanical properties. Here we present a polarimetric study of thin films prepared from
photoanisotropic hybrid materials: azopolymer (poly[1-[4-(3-carboxy-4-hydroxyphenylazo)
benzenesulfonamido]-1,2-ethanediyl, sodium salt]) doped with different concentrations of ZnO
NPs with sizes below 50 nm. To obtain full information about the polarization response of these
thin films, we determined the kinetics of the Stokes parameters of light passing through the films
on illumination by linearly polarized light within the absorption band of the material, namely 473
nm. Using the Stokes parameters, the birefringence values were calculated as a function of time
and compared for the films with different NP concentrations.

Pestome: XubpupgHuTe MmaTepuanu, CUHTE3UPAHU 4Ype3 KOMOWHMpaHe Ha MoAMMepU U
HeopraHn4YHM HaHo4YactTuum (HY), nonyumxa 3HaYUTENHO BHMUMAHME HanoceAbK Nopaan cBoUTe
M3rOAHN  EeNeKTPUYECKU, ONTUYHM UAM  MEeXaHWYHW CcBoKcTBa. TyK npeacTaBame
NONAPUMETPUYHO M3C/edBaHe Ha CNI0EBE, MPUrOTBEHN OT XMBPUAHM MaTepuanun: a3sonoammep
(nonun[1-[4-(3-kapbokcun-4-xuapokcnudeHnnaso)beHseHcyndoHammaol-1,2 eTaHAMUA, HAaTpMEBA
8
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con]) AOTUPaAH C Pa3INYHM KOHLEHTpaunn Ha ZnO HaHo4vacTuum ¢ padmepu nog 50 nm. 3a ga
noNy4YMm MnbaHa MHGOPMALMA 33 peakuuATa Ha NONAPU3aLUMA Ha Te3n TbHKU C/NoeBe, Hue
onpegenMxme KuMHeTUKaTa Ha napameTpuTe Ha CTOKC Ha CBeT/IMHATa, NpemMuHaBalla npes
cnoeseTe NP OCBETABAHE Ypes /IMHeHa NONAPU3NPaAHa CBETIIMHA B 30HATa Ha MOrNbLaHe Ha
maTtepuana, a uMmeHHo 473 nm. WM3nonssankm napameTpute Ha CTOKC, ce u3uncnasat
CTOMHOCTMTE Ha ABY/bYENPEYYNBaHETO KaTo GYHKUMA HA BPEMETO U Ce CPaBHABAT CbC C10eBETE
C Pa3/IMYHKN KOHLLEHTPALUMKN HA HaHoYacTuUuTe.

Photoinduced birefringence in thin azopolymer films recorded at different temperatures.

Nazarova D, Mateev G, Ivanov D, Blagoeva B, Kostadinova D, Stoykova E, Nedelchev L.
Bulgarian Chemical Communications, 48, Special Issue G, 2016, ISSN:0324-1130, 75-78.

Abstract: In this work we investigate the dependence of characteristics of polarization recording
and erasure in thin azopolymer films on the starting temperatures of the sample. Polarized light
from DPSS laser with wavelength 444 nm is used for recording of photoinduced birefringence.
For erasing the records, thermal method is applied. Birefringence is successfully recorded at
different starting temperatures from 25 to 100°C. 3D graphics for visualization of the
experimental data are presented. Photoinduced birefringence is calculated from real time
monitored Stocks parameters during the entire experiment. This investigation allows us to
determine the optimal conditions of recording at elevated temperatures in order to achieve
shortest response time or maximal birefringence.

Pestome: B Tasu paboTa ca M3cnenABaHW XapaKTEPUCTUKUTE HA MOAAPWU3ALMOHEH 3anuc M
N3TpMBAHE B TbHBK a30MN0/IMMEPEH C/I0N B 3aBUCUMOCTT OT Pa3/IMyHMUTE CTapTOBM TemnepaTypu
Ha obpaseua. 3a 3annca Ha POTOMHAYUMPAHOTO ABY/AbYEnpeyynBaHe € WU3NOoN3BaH sa3ep ¢
Ab/KUHA HA BbaHATA 444 nm. N3TpmMBaHETO Ha 3anucuTe CTaBa yYpes 3arpABaHe Ha obpaseua.
YcnewHo e peanusmpaH 3anuc Ha ABy/abyenpedynsaHe Npu pasandyHU Temnepatypu ot 25 go
100°C. MNpeactaBeHa e TpumepHa (3D) rpadumKa 3a BM3yanmsauma Ha eKCnepumeHTasHuTe
AaHHW. POTOMHAYLMPAHOTO AByAbYenpeyvynsaHe € U3umcneHo Ha 6asaTta Ha nNapameTpuTe Ha
CTOKC, peructpupaHu B peasiHO Bpeme npes LuenvMa ekcrnepuMmeHTt. ToBa wu3cnegBaHe HWU
no3BoJjifBa Aa onpeaesnm onTUMaNHUTE YCI0BMA 3a 3annC NPU NO-BUCOKM TemnepaTypu € uen
3 NOCTUTHEM Hal-KPaTKO BPeMe Ha OTKAUK UM MAaKCMMaNHO ABynbyenpeyynBaHe.

Monitoring of a drying process in azopolymer water solutions by dynamic speckle detection.

Nazarova D, Stoykova E, Nedelchev L, Ivanov B, Berberova N, Malinowski N.
Bulgarian Chemical Communications, 48, Special Issue G, 2016, ISSN:0324-1130, 49-52.

Abstract: Observation of speed of processes by dynamic speckle analysis has been applied to
different samples of industrial or biological nature. The method allows for indicating regions of
lower or higher activity on the sample surface through statistical processing of the speckle
patterns formed on this surface under laser illumination. The aim of the paper is to check
applicability of dynamic speckle technique for detection of the drying process in polymer water
solutions. For the purpose, we recorded several sets of 256 correlated in time speckle patterns
of a transparent drop of PAZO water solution on a glass plate illuminated by a He-Ne laser. The
sets were separated by intervals of 5 minutes, and the last set was recorded 75 minutes after
the start of the experiment. For statistical description of activity on the observed sample we
chose evaluation of a temporal structure function. The obtained two-dimensional maps of the
9
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structure function at different time lags demonstrated efficiency of dynamic speckle analysis for
monitoring of drying processes in polymer water solutions.

Pestome: HabntogaBaHeTo Ha CKOPOCTTA Ha NPOTUYAHE Ha NPOLLECH C MOMOLLTA HA AMHAMUYEH
CMeKb/l aHain3 e MnpuaaraHo KbM pasanyHuM obpasum OT MHAYCTPUANIHO UM BMOIOTUYHO
ecTtectBo. MeToAbT NO3BONABA Aa Ce MOco4aT 0b6nacTUTe C MO-HUCKA U MO-BUCOKA aKTUBHOCT
BbPXy MOBBPXHOCTTAa Ha obpaseua 4ypes CTaTUCTUYECKa o0b6paboTKa Ha CMEeKbA KapTUHUTE,
dbopmmpaHm BbpXy Ta3m NOBBPXHOCT NpU OcBeTABaHe C fasep. LlenTta Ha HacToAwaTta paboTa e
Aa ce MpoBepu NPUNOKMMOCTTA Ha TEXHMKATA Ha AMHAMMYHUA CNEKbN 33 AETEKTMPAHE Ha
npoLeca Ha CbXHeHe Ha BOAHW pa3TBOPU Ha NOAMMeEpPU. 3a OCbLLECTBABAHE Ha NpoOBepKaTa ca
3aMnCaHN HAKOAKO cepumn OT 256 KopenunpaHuM BbB BPEMETO CNEKb/ KAPTMHM HA Npo3payHa
Kanka Ha BoaeH pa3tBop Ha PAZO noaumep BbpXYy CTbKAEHA NOAJ0XKKa, ocBeTeHa ¢ He-Ne
nasep. Cepuunte 6axa pasgeneHum c neT MMHYTHU MHTEPBa/K, KaTo NocsiegHaTta cepums e 3anmcaHa
75 MUHYTM cnep KanBaHETO Ha Kankata. CTaTUCTUMYECKOTO OMMCaHMEe Ha aKTUMBHOCTTA B
HabnogasaHuA obpasey, e NpoBefeHO Ype3 NpecmMATaHe Ha BpemeBa CTPYKTYpHa GyHKUMA.
MonyyeHnTe ABYMEpPHM pasnpeseneHua Ha Ta3uM QyHKUMA 33 pPas/IM4HM BPEMeBM Nnarose
NnoTBbpAMXa ePEeKTUBHOCTTA HA AMHAMMYHUA CNEKbN aHaNM3 3a HabaogaBaHe Ha NPOLECH BbB
BOZHM Pa3TBOPU HA NOAMMEPMU.

Performance of intensity-based non-normalized pointwise algorithms in dynamic speckle
analysis.

Stoykova E, Nazarova D, Berberova N, Gotchev A.
Optics Express, 23, 19, OSA publishing, 2015, ISSN:1094-4087, DOIl:doi: 10.1364/0E.23.025128,
25128-25142.

Abstract: Intensity-based pointwise non-normalized algorithms for 2D evaluation of activity in
optical metrology with dynamic speckle analysis are studied and compared. They are applied to
a temporal sequence of correlated speckle patterns formed at laser illumination of the object
surface. Performance of each algorithm is assessed through the histogram of estimates it
produces. A new algorithm is proposed that provides the same quality of the 2D activity map for
less computational effort. The algorithms are applied both to synthetic and experimental data.

Pe3tome: N3cnenBaT ce un ce cpaBHABAT 6a3V|paHVITe Ha MUHTEH3UTETA NMNOTOYKOBUN HEHOPMUPAHU
aITOPUTMM 3a 2D oueHKa Ha aKTMBHOCTTA B OMNTUYHATA meTponorna ¢ guHaMmm4yeH CnekneH
aHanm3. Te ce npunarat BbB BpemeBa NOC/AeL0BATE/IHOCT OT KOpPEesIMPaHU CreKb/l KapTUHU,
06pa3yBaHM Nnpn nNa3epHo ocBeTABaHE Ha MOBBPXHOCTTA Ha obekra. MponssogmMTenHoCcTTa Ha
BCEKN aNropuUTbM C€ OLEeHABaA 4pe3 XUCTOorpamata Ha OUEHKUTE, KOUTO TOMU npoussexaga.
MNpennoXkeH e HOB anropuTbm, KOMTO ocurypAaBa CblWOTO KayeCTBO HA ABYMEpPHATA KapTa Ha
AeﬁHOCTMTe C NO-MaJIkO M3YUC/IUTENHU YCUAUA. ANTOPUTMUTE Ce Npuaarat KakTo KbM
CUHTETUYHWN, TaKa N 3a EKCNEPUMEHTA/THUN AaHHMN.

Birefringence induced in azopolymer (PAZO) films with different thickness.

Nedelchev L, Nazarova D, Mateev G, Berberova N.
Proc. of SPIE, 9447, Bellingham, Wash, 2015, DOI:10.1117/12.2176158, 944711-1-944711-7.

Abstract: In this article we present a study of the photoinduced birefringence (An) in films of a
water soluble azopolymer: poly [1-[4-(3-carboxy-4 hydroxyphenylazo) benzenesulfonamido]-1,
1
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2-ethanediyl, sodium salt] (PAZO). Varying the concentration of the azopolymer in the solution,
films with wide range of thicknesses are obtained — from 50 to 2500 nm. The film thickness is
determined with a Talystep precision profilometer. Birefringence is measured using a
polarimetric setup with a recording laser at 473 nm and probe He-Ne laser at 633 nm. As shown
experimentally, the maximal photoinduced birefringence (Anmax) does not depend on the
thickness and is of the order of 0.07 for all of the investigated samples. The recording time
however considerably increases for films thicker than 500 nm.

Pestome: B Tasu cTaTvA npeacraBame nscneaBaHe Ha GOTOMHAYLMPAHOTO ABYayYenpeyyrnsaHe
(An) B cnoese oT BOAoOpa3TBOPUM asononmmep: noau [1- [4- (3-kapbokcun-4 xmapokcnpeHunnaso)
6eH3eHcynpoHammngo] -1,2-etaHguun, HatpueBa con] (Pazo). Bapupalikm  pasnuyHuTe
KOHLUEHTPAUMA Ha a3onosiMmepa B pas3TBOpa Ce NOJy4aBaT CnoeBe C LWMPOK AMAanasoH Ha
aebenuHa - ot 50 go 2500 nm. lebennHarta Ha cnona ce onpeaens c npeunseH NnpoPunomMmeTbp
Talystep. [lBynbyenpeyynBaHeTo ce M3MepBa C MOMOLLTA Ha NOASPUMETPUYHA ONTUYHA CXEMa
Ccbc 3anucBaly, sasep npu 473 nm u npobeH He-Ne nasep npu 633 nm. KakTo e nokasaHo
€KCNePUMEHTa/IHO, MaKCMMaNHOTO GOTOMHAYLUMPAHO ABY/ydenpedynsaHe (Anmax) He 3aBUCK OT
nebennHaTa v e oT nopsabKa Ha 0,07 3a BCMYKK n3ceasaHn obpasuun. BpemeTo 3a 3anuc obave
3HauMUTEe/IHO Ce yBenMYaBa 3a cnoese ¢ aebennnHa Hag 500 nm.

A genetic algorithm approach for evaluation of optical functions of very thin tantalum
pentoxide films on Si substrate.

Sharlandjiev P S, Nazarova D I.
Physica Scripta, 2013, T157, IOP Publishing, 2013, ISSN:1402-4896, DOI:10.1088/0031-
8949/2013/T157/014048, 014048.

Abstract: The optical characteristics of tantalum pentoxide films, deposited on Si(100) substrate
by reactive sputtering, are studied. These films are investigated as high-kappa materials for the
needs of nano-electronics, i.e. design of dynamic random access memories, etc. One problem in
their implementation is that metal oxides are thermodynamically unstable with Si and an
interfacial layer is formed between the oxide film and the silicon substrate during the deposition
process. Herein, the center of attention is on the optical properties of that interfacial layer, which
is studied by spectral photometric measurements. The evaluation of the optical parameters of
the structure is fulfilled with the genetic algorithm approach. The spectral range of evaluation
covers deep UV to NIR. The equivalent physical thickness (2.5 nm) and the equivalent refractive
index of the interfacial layer are estimated from 236 to 750 nm as well as the thickness of the
tantalum pentoxide film (9.5 nm).

Peslome: WM3cnepBaT ce ONTUYHUTE XapPaKTEPUCTMKM HA TAHTANOB MNEHTAKCUMAHW CNOeBe,
oTnoxeHu Bbpxy Si (100) noaN0XKKa Ype3 peakTMBHO pa3snpaliBaHe. Te3m puamm ca uscneaBaHu
KaTo MaTepuanm C BMCOKA Kama 3a HyKAUTe Ha HaHOENEeKTPOHWKaTa, T.e. MPOEKTUpaHe Ha
ANHAMWYHM NAaMET C NPOU3BOIeH AOCTbN M Np. EANH OT npobaemuTe Npu TAXHOTO NPUNOKEHNE
e, Ye MeTa/HUTe OKCMAW Ca TEePMOAMHAMWMYHO HEeCTabunHM cbC Si M Mexay OKcuaa U
CUAMLMEBATA OCHOBA MO Bpeme Ha Mpoueca Ha oTaaraHe ce obpasyBa mexaydaseH cnom. Tyk
LEHTbPBT Ha BHUMAHMETO € BbPXYy ONTUYHUTE CBOMCTBA HA TO3U mexaydaseH Cnoi, KOMUTOo ce
ns3cnenBa ypes cnekTpasHn GoTomMeTpmuyHM nsmepBaHuns. OLeHKaTa Ha ONTUYHMUTE NapameTpu
Ha CTPYKTypaTa ce M3Nb/HABA C NoAX04a Ha reHeTUYHUA anropuTtbm. CnekTpasHUAT 06xBaT Ha
oueHKaTa obxBawa ot abnbokma UV go NIR. EkBuBaneHTHaTa ¢pusmyecka gebenmHa (2,5 nm) u
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€KBMBANIEHTHMAT NOKa3aTeN Ha npevynBaHe Ha mexaydasHus cnoi ce numncnasat ot 236 ao 750
nNm, KakTo 1 aebennHaTta Ha TaHTaN0BUA NeHTaKcuaeH cnoun (9,5 nm).

Influence of the size of nanoparticles doped in series of azopolymers of the photoinduced
birefringence.

Nazarova D, Nedelchev L, Dragostinova V, Berberova N.
Proceedings of SPIE - The International Society for Optical Engineering, 8770, 877009, SPIE, 2013
https://doi.org/10.1117/12.2013646

Abstract: In this paper we present a study of the photoinduced anisotropy in novel
nanocomposite films of azopolymers doped with ZnO nanoparticles with different sizes —50 and
100 nm. The photoresponse was evaluated by classical polarimetric setup with two crossed
polarizers, recording laser with wavelength 473 nm and probe He-Ne laser. Our experimental
results indicate that doping with both 50 and 100 nm sized particles improves the response time,
however the smaller size nanoparticles provide increase of Anmax with up to 40%, as the 100 nm
particles reduce the saturated value of the birefringence, due to the higher scattering.

Pestome: B Ta3um ctatma npeacrasame uscnensaHe Ha ¢oTomHayunpaHaTa aHM30TPONMA B HOBM
HaHOKOMMO3UTHM CN0eBe OT a30N0/IMMepPU, AOTUPAHU € HaHoYacTMUM ZnO ¢ pa3INyHK pasmepu
- 50 1 100 nm. ®oTOOTroBOPBLT Ce OLLEHABA Ype3 Kaacmyecka noaspumeTpuyHa onTUYHa cxema ¢
ABa KPbCTOCaHM NONAPU3aTOpPa, 3aNUCBALL 1a3ep € Ab/IXKMHA HA BbaHaTa 473 nm u npobeH He-
Ne nasep. HawuTe ekcnepumeHTasHW pe3ynTaTy NOKa3BaT, Ye A0TUPAHETO C YacTMUM U € ABaTa
pa3mepa 50 1 100 nm nopobpasa BpeMeTo 33 peakLma, HO HAHOYACTULMUTE C MO-MaNbK pasmep
ocurypasaT yBeanveHme Ha Anmax € 80 40%, a Te3m o1 100 nm HamanasaT HacUTeHaTa CTOMHOCT
Ha AByny4enpevynsaHeTo, Nopagmn No-rofaMo pascerBaHe.

Photosensitive organic/inorganic azopolymer based nanocomposite materials with enhanced
photoinduced birefringence.

Nedelchev L, Nazarova D, Dragostinova V.
Journal of photochemistry and photobiology A: Chemistry (JPPA), 261, Elsevier, 2013,
ISSN:1010-6030, DOI:d0i:10.1016/j.jphotochem.2013.04.006, 26-30.

Abstract: Different methods have been employed in order to increase the value of the
photoinduced anisotropy in azopolymers and to ensure more effective polarization recording.
As recently established, doping photopolymers with nanoparticles allows to achieve near 100%
net diffraction efficiency in case of conventional holographic recording. For this reason, we have
synthesized novel organic/inorganic composite materials by incorporating 50 nm sized ZnO
nanoparticles in series of side-chain azopolymers. We obtained a considerable improvement of
the photoresponse in these composite materials compared to the non-doped samples — more
than 40% increase of the saturated value of the birefringence (up to _n=0.08) and also reduction
of the recording time with about 30%. We also observed an increase of the photoinduced
anisotropy after the exposure has been stopped for one of the investigated polymers. The
stability of the photoinduced birefringence in all samples suggests applications of these materials
as media for polarization holographic data storage and recording of diffractive optical elements
with high efficiency and unique polarization properties.
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Pestome: M3non3BaHM ca pasnMYHM MeToAM, 33 [a Ce YBeAU4M CTOMHOCTTa Ha ¢oTto
MHAYUMpPAHATa aHM30TpOnNuMA B as3ononMmepuTe W Ja ce ocurypu no-edpektmseH
nonApusaumoHeH 3anuc. Kakto 6e ycTaHOBEHO HACKOPO, AOTUPAHETO Ha doTonoanmmepuTe C
HaHO4YacTULM NO3BOAABA ga ce nocturHe noytm 100% HeTHa ANdpPAKUMOHHA ePeKTUBHOCT B
CNy4ait Ha KOHBEHUMOHaneH xonorpadckm 3anuc. MNMopaam Tasm NpuUYMHA HUE CUHTE3Upaxme
HOBW OPraHNYHK / HEOPraHUYHM KOMNO3UTHU MaTepUanm Ypes BKAOYBaHe Ha ZnO HaHoYaCTULM
¢ pasmep 50 nm B cepuAa OT a3onoAMMEpPU CbC CTPaHU4YHa Bepura. [NocTUrHaxme 3HAaYUTENHO
nogobpeHne Ha GOTOOTKAMKA B T€3M KOMMO3UTHU MaTepUasm B CPAaBHEHME C HEAOTUPAHUTE
cnoese - noseye ot 40% yBennyeHne Ha HacuTeHaTa CTOMHOCT Ha AByabyenpedynsaHeTo (4o _n
=0,08), a CbLL0 M HaMansABaHe Ha BPEMETO 3a 3anuc ¢ okono 30%. Habnogasaxme v yBennyeHme
Ha poTOMHAYUMPAHATA aHU30TPONMUA Cnes CNMpaHe Ha eKCNO3ULMATA 33 e4MH OT U3ceaBaHuTe
nonnmepun. CtabunHoctta Ha GOTOMHAYUMPAHOTO ABY/Ay4YenpeyynBaHe BbB BCUYKM 0Opa3sum
npegnonara NpuMaaraHeToO Ha Te3U MaTepumann Kato cpega 3a NoNAPM3aLUMOHHO Xonorpadcko
CbXpaHEHWe Ha AaHHM M 3anNUC Ha ANPPAKLMOHHU ONTUYHWN eIeMEHTU C BUCOKA ePEeKTUBHOCT U
YHWKANHW NONAPU3ALMOHHN CBOMCTBA.

Time stability of photoinduced birefringence in amorphous and liquid-crystalline azopolymers.

Nedelchev L L, Nazarova D I.
Bulgarian Chemical Communications, 45, B, Bulgarian Academy of Sciences, Union of Chemists
in Bulgaria, 2013, ISSN:0324-1130, 141-144.

Abstract: One of the most important parameters for every optical data storage media is the
stability of the recorded information in time. When polarization holography is used for data
recording, the information is encoded via the photoinduced anisotropy (most often
birefringence) in the media. In this article we present a study on the stability of the photoinduced
birefringence (An) in amorphous (P1) and liquid-crystalline (LC) azobenzene polymer (P2) with
similar structures of the backbone and the chromophore unit, but different spacers between
them. As our experiments indicate, 72 % of the photoinduced birefringence is retained in the
polymer Py, and 104 % in the polymer P, one hour after the end of the recording process i.e. the
stability of the birefringence in the LC polymer is considerably higher than in the amorphous.

Pe3stome: EauH OT Hal-BaXKHUTE MapameTpu Ha BCAKA cpeaa 3a ONTUYeH 3anunc Ha MHdopmauma
e cTabunHocTTa Ha 3anuMcaHaTa MHpopmauma BbB BpemeTo. Korato 3anuca ce M3BbpLUBa Ypes
nonspusaumoHHa xonorpadusa, nHbopmaumsaTa ce Koampa Ypes poTomHayLMpaHaTa B cpeaaTa
aHu3oTponua (Hail-yecTo ABy/nbuyenpedyynsaHe). B HacTosAwarta cTatMa e npeactaBeHo
nscneasaHe Ha GOTOMHAYLMPAHOTO AByAbyenpeyynsaHe ( An) B ABa a3ononnmepa — amopdeH
P1 1 TeYHOKpUCTaneH P, c eaHaKBM CTPYKTYPU Ha rnaBHaTa Bepura U xpomodopa, HO PasNYHU
ABKMHU Ha CTPAHUYHUTE Bepuri. KakTo NOKa3BaT eKCnepuMeHTaNHUTE AaHHW, e4MH Yac Cnes
NpeKkpaTABaHeTO Ha 3anuca B noaumep Pi1 ce 3anmasBat 72 % oT GOTOMHAYLMPAHOTO
ABynbuyenpeyynsaHe, a B nonmmep P, — 104 % T1.e. cTabUAHOCTTA Ha ABY/NbYENpPEYYNBAHETO B
TEYHOKPUCTANHUA NOIMMEP € 3HAYMTENIHO MO-BMCOKA OTKONIKOTO B aMOPPHMUS.

Large photoinduced birefringence observed over a wide spectral range in an amorphous
azopolymer.

Nedelchev L L, Nazarova D |, Petrova P K.
Bulgarian Chemical Communications, 45, B, Bulgarian Academy of Sciences, Union of Chemists
in Bulgaria, 2013, ISSN:0324-1130, 133-136.
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Abstract: The birefringence spectrum An(A) for an amorphous azopolymer synthesized in the
Institute of Optical Materials and Technologies is measured in a wide wavelength region — from
390 to 700 nm. High values of An are established — from 0.02 at the longer wavelengths up to
0.05 close to 400 nm. Hence, the polymer could be used in applications such as polarization
holographic gratings and diffractive optical elements with unique polarization properties usable
in the entire visible range.

Pestome: B cTatMATa ca nNpeacTaBeHM EKCNepuMMEHTAZIHM [AaHHW 3@ CNeKTbpa Ha
ApynbyenpedynsaHe An(A) 3a amopdeH nonummep, cuHTesnpaH B UHcTUTyTa no OnTUYecku
Matepunanu u TexHonorum Kbm BAH. M3mepBaHeTo e B WMPOK cnekTpaneH agnanasoH — ot 390
Ao 700 nm. YcTaHOBEHM ca BMCOKM CTOMHOCT Ha An: oT 0,02 3a AbAroBb/IHOBATa 4acT Ha
cneKktbpa, Ao 0,05 B 6amsoct go 400 nm. OT ToBa cneaBa, Ye NOAMMEPHT € noaxoAddll 3a
NMPUIOKEHUA OT TUNA Ha NOJIAPMU3ALNOHHN XONorpadCcKku peweTkn u andpakLUMOHHN ONTUYHMU
enemeHTu ¢ paboTHa obnacT, 06xBallalla Leans BUAUM CNeKTbP.

UV and NIR optical functions of very thin (< A / 50) Hf, Al or Ti doped tantalum pentoxide films,
deposited on Si [100] substrate.

Sharlandjiev P S, Nazarova D I.
Bulgarian Chemical Communications, 45, B, Bulgarian Academy of Sciences, Union of Chemists
in Bulgaria, 2013, ISSN:0324-1130, 51-54.

Abstract: We study the optical characteristics of tantalum pentoxide films, deposited on Si [100]
substrate by reactive sputtering. These films are investigated as high-kappa materials for the
needs of nano-electronics, i.e. design of DRAM. Metal oxides are thermodynamically unstable
with Si and an interfacial layer is formed between the oxide film and the silicon substrate during
the deposition process. The physical situation gets more complicated when the Ta205 layer is
doped — the overall structure becomes non-homogeneous. Herein, we study the optical
properties of Ta205 layer deposited on Si substrate and doped with Hf, Al or Ti. The evaluation
of the optical parameters of the structure is fulfilled with the genetic algorithm approach from
spectral photometric measurements. The overall physical thickness of the structure, assumed to
be equivalent to 3 homogeneous layers and the equivalent refractive indices of each layer are
estimated from 240 to 750 nm.

Pe3slome: V3cnenBann cme ONTUYECKUTE XapPaKTEPUCTUKM Ha CNOeBe OT TaHTaN0B MEHTOOKWUC,
oTnoxeHn Bbpxy Si (100) nognoxku. Ta0s e npeactaButen Ha xan-kana (high-kappa)
MaTepuannTe, KOUTO Ca HaW-NepecnekTMBHW 33 pPa3BUTMETO HA HAHO-e/NeKTPOHMKATA.
CbwecTtBeH npobaem npu Au3anMHa M NPOU3BOACTBOTO MM €, Ye MEeTaNHUTE OKCUCKU ca
TepMOgMHAMUYHO HecTabunHu KbMm Si. ToBa BOAM A0 NO/yYaBaHe No BPeme Ha TeXHMA CUHTe3
Ha HeXeslaH cion 1 — 2 HM Ha rpaHuuaTa MeXKay NognoXKaTa U xal-kana ¢mama. Ako Taz0s
cnoeBeTe ce AOTMPAT, CTPYKTypaTa KaTo UANO CTaBa HEXOMOreHHa, HO e/IeKTUYECKOTO U
nosesgeHne ce nopobpasa. TyK pasrnexgame ONTUYECKUTe CBOMCTBA Ha Ta0s cnoese,
OTNOXeHU BbPXYy Si noanokm u potupanHn c Hf, Al u Ti. CnhoeseTe ca wu3cneaBaHu
cnekTpodoTomeTpuyHo B obnacta 240 — 750 HM, a M3MepBaHMATA Ca UHTEPNpPETUPAHN Ypes
pelaBaHe Ha obpaTHaTa ONTUYeCcKa 3a4a4a € nomow,a Ha FeHeTUYHUA ANrOPUTBM.

Photoinduced anisotropy in azodyes Alizarin Yellow R and Mordant Pure Yellow in a gelatin
matrix.



llieva D P, Nedelchev L L, Nazarova D I.
Bulgarian Chemical Communications, 45, B, BAS, Union of Chemists in Bulgaria, 2013,
ISSN:0324-1130, 137-140,

Abstract: We present a study of the photoinduced changes in the absorbance spectra D(A) on
illumination with linearly polarized light for two azo dyes — Alizarin Yellow R (AYR) and Mordant
Pure Yellow (MPY) in gelatine matrix. The spectra of the photoinduced dichroism AD are
measured in the UV-visible range. We give an experimental evidence that the cis-form of the bis-
azo dye Mordant Pure Yellow is anisotropic and reorients into direction perpendicular to the
exciting light polarization. It is also shown that the photoinduced dichroism is stable for one
month after the illumination.

Pestome: B HactoAwata pabota ca npeactaBeHuM pesynTaTute OT  M3CnenBaHe Ha
dbOTONHAYUMPAHUTE NMPOMEHWU B CNEeKTpuTe Ha norabliadHe D(A) npu obabyuBaHe C JIMHEMHO
nonspusMpaHa CBeTAMHA 3a ABe a3obarpuna — AnmsapuH HKuato P (AXKP) n MpoTpasHo Yucro
Honto (MYXK) B maTpuua oT KenatnH. Cnektpute Ha dotoamxpounsbvm AD = Dort — Dpar ca
namepeHu B YB 1 Buamnmarta obnact. MNpencraBeHo € eKCnepuMeHTaNHO A0KA3aTeNCTBO, Ye LNC
NM3oMepbT Ha bucasobarpuaoTto MpoTpaBHO YNCTO HKbATO € aHM3OTPONEH U Cce NPeopueHTUpa
nepneHaANKYNAPHO Ha NOCOKaTa Ha NonspuM3auma Ha Bb3AeNCcTBaWaTa cBeTAMHa. [oKasaHo e
CbLlo, Ye GOTOMHAYLMPAHMA ANXPOM3BM e cTabuneH eanH meceu, cnes o61bUYBaHETO.
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Anpwnn, 2020r.
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