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B — 4. [lokazaten 4: XaOunuTaumoHeH TPpyJ — HAyYHU MyOIMKaUWU B U3JaHUS,
KOUTO ca peheprupaHu U UHJIEKCUPAHHU B CBETOBHOM3BECTHU 0a3H JaHHU C HaAy4YHa
unpopmanus (Web of Science u Scopus)

1. Lazarova, K, Todorova, L, Christova, D, Vasileva, M, Georgiev, R, Madjarova, V,
Babeva, T. Thin films from hydrophilic poly(N,N-dimethyl acrylamide) copolymers as
optical indicators for humidity. Journal of Physics: Conference Series, 794, 2017,
012022.

Abstract. In the present paper we study thin films from poly(N,N-dimethyl acrylamide)-
poly(ethylene oxide) (PDMAA/PEO) copolymers of different composition and structure in
order to implement them as sensitive media for optical indicators for humidity. PDMAA/PEO
di- and triblock copolymers were synthesized via redox polymerization in agueous media. Thin
films were deposited on silicon substrates by spin coating method using polymers solutions
with appropriate concentrations. Refractive index, extinction coefficient and thickness of the
films are calculated from reflectance spectra of the films deposited on silicon substrates using
non-linear curve fitting method. Sensing properties of the films were tested by films exposure
to different humidity levels followed by in-situ monitoring of the changes in the optical
properties. The influence of the polymer structure and postdeposition annealing on the optical
and sensing properties of the films was investigated. The potential application of selected
polymers for optical sensing of humidity were demonstrated and discussed.

AbcTpakT. B HacTosmara cratus ca u3ciaeiBaHd ThHKH (GUIMH OT chroaumepu Ha moiu(N,N-
numetunakpuiaamun) u noiau(etmwienokcun) (IIIAMAA/ITEO) ¢ paznuyeH CbCTaB U CTPYKTYypa

C OCJI TAXHOTO M3MOJ3BHC KAaTO YyBCTBUTCIIHU CPEAN 3a OIITUYHU MHAUKATOPHU 3a BJIAKHOCT.



IMIMAA/TIEO au- u TpHOJOKOBH CBHIIOJUMEPH Ca CHHTE3MPAHH 4Ype3 PeayKIIHOHHO-
OKHCIUTENHA (PEIOKCH) MOJIUMEPHU3allis BbB BOJIHA CPe/Ia, CIe/l KOETO OT TAX Ca OTJIOKEHU
THHKH (PUIIMH BbPXY CHIIMLIMEBH TOJJIOKKH Ype3 METO/AA Ha IIEHTPO(DY>KHOTO HaHACSHE, KaToO
ca U3IOJI3BAaHU IMOJMMEPHU pPa3TBOPU C MOIAXOASIIM KOHIeHTpanuu. [lokazatenure Ha
npeuynBaHe, KoeUIIMEHTUTe Ha MOrTbLIaHe U AeOenrHaTa Ha (PUIMUTE ca M3YUCIEHU OT
HU3MCPCHUTC CIICKTPU Ha OTPAXXCHUC Ha (1)I/IJIMI/IT€ KaTo € MH3II0J3BaH MCETOABT Ha
MHUHUMHU3HUPAHC Ha pasjimkata MCKAY H3MCPCHU ©U H3YMUCICHU KpPHUBU HaA OTPAKCHHUC.
CeH3opHHTE CBOMCTBA Ha (PUIMHUTE ca TECTBAHU Ype3 M3JIAraHETO UM Ha pa3jIM4HU HUBA HA
BJIQXKHOCT U IMOCJIEBaII0 HAOII0eHHEe Ha TPOMEHUTE B ONTUYHUTE CBOMCTBA B €HA U ChIla
Touka. M3cienBaHo € BIMSHUETO HA OJIMMEpPHATA CTPYKTYpa U Ha TEMIIEPATyPHOTO TPETHPAHE
Ha o0pa3luTe Ciie]l OTJaraHe BbPXY ONTHYHUTE U CEH30PHUTE UM CBOMCTBA. [{uckytupano u
JEMOHCTPUPAHO € MOTEHIMATHOTO MPUJIOKEHHWE Ha H30paHUTE MOJMMEPH 33 ONTUYHO

JACTCKTUPAHC HA BJiara.

2. Lazarova, K, Vasileva, M, lvanova, S, Novakov, Ch, Christova, D, Babeva, T.
Influence of Macromolecular Architecture on the Optical and Humidity-Sensing
Properties of Poly(N,N-Dimethylacrylamide)-Based Block Copolymers. Polymers, 10,
769, 2018.

Abstract. The influence of the macromolecular architecture of block copolymers containing
poly(N,N-dimethyl acrylamide) (PDMA) on the optical characteristics and sensing properties
of corresponding thin films is discussed. Series of hydrophilic PDMA-based copolymers of
different chemical composition and chain architecture such as triblock, star-shaped, and
branched were synthesized. The copolymers were characterized using conventional
spectroscopic techniques as well as methods for characterization of copolymer macromolecular
characteristics in solution, namely size-exclusion chromatography and static light scattering.
Thin films of the copolymers of nanometer scale thickness were deposited on silicon substrates
by the spin-coating method. The refractive index and extinction coefficient of the copolymer
films were calculated from the reflectance spectra by using non-linear curve fitting methods
and the composition-structure-optical properties relationships were evaluated. Humidity-
sensing properties of the films were studied by measuring reflectance spectra of the films at a
relative humidity range from 5 to 95% RH. The implementation of the copolymer films as

optical sensors of humidity is justified and discussed.



AOcTpakT. B HacTosmara cratus ce 00ChXK/1a BIMSHUETO Ha MAKPOMOJICKYJTHATa apXUTEKTypa
Ha OyokoBU chnoauMepu, cpabpxaimy nonau(N,N-numermnakpunamun) (IIIMA) Bbpxy
ONTUYHUTE XapPAaKTCPUCTUKA U CEH30PHHUTE CBONCTBA HA CHOTBETHUTE TBHHKH (DUIMH.
CuHTe3upaHu ca cepus OT XuApOGWIHH chmojauMepu Ha Oazara Ha [IJIMA c¢ pasnuyeH
XUMHYEH ChCTaB U MAaKPOMOJIEKYJIHA apXUTEKTYpa - TPUOJIOKOBH, 3BE€3/10BUHH U PA3KIIOHEHH.
CprnonumepuTe ca OXapaKTepU3UpPAHH C TMOMOIITAa HA KOHBEHLUHUOHATHH CHEKTPOCKOICKU
TEXHUKH, KAKTO M C METOJM 3a M3CIe[BaHEe Ha MaKpPOMOJEKYITHUTE XapaKTEePUCTUKU Ha
CBIIOJIMMEPUTE B PAa3TBOP, & UMEHHO XpoMarorpadusi ¢ U3KIOYBAHE MO pa3Mep U CTAaTHUYHO
pa3ceiiBaHe Ha CBETJIMHATA. TbHKU QUIMH OT CHIIOJIMMEpPUTE C AeOenrHa OT MOpsAIbKa Ha
HAaHOMETpPHUCA OTJOKEHU BBPXY CWIHIHEBH TIOJUIOKKH 10 METoJa Ha IEHTPOQYKHOTO
HaHacsHe. [lokazaTensT Ha mpedynBaHe U KOCPUIIMEHTHT HA MOTJIBIIaHE HA CHIIOJIUMEPHUTE
¢buaMH ca M3YMCICHH OT CIEKTPUTE Ha OTpPaKEHHE Ype3 H3IO0J3BaHE Ha MeToAa Ha
MUHMMHM3UpAHE Ha pa3juKkara MEXIy HM3MEpPEHW U W3YUCIECHU KpPUBU Ha OTpa)KCHHE.
N3cnenBanu ca Bpb3KUTE ChCTaB — CTPYKTYpa - ONTHYHH CBOMCTBA. CEH30pHUTE CBOICTBA Ha
buaMHuTe ca M3CIEBAHU Ype3 M3MEPBAHE HA CIICKTPUTE HA OTPAKCHUE Ha (UIMHTE MPHU
pasMyHa OTHOCHUTEIHA BJIAKHOCT B auamnazoHa ot 5 g0 95 % RH. O6ocHoBaHo ¢ wu

AUCKYTHUPAHO MMPUIIATaHETO HA ChIIOJIMMCPHHUTC (1)I/IJ'IMI/I KaTO OIITUYHHU CCH30PH 34 BJiara.

3. Lazarova, K., Christova, D, Georgiev, R, Georgieva, B, Babeva, T. Optical Sensing
of Humidity Using Polymer Top-Covered Bragg Stacks and Polymer/Metal Thin Film
Structures. Nanomaterials, 9(6), 875, 2019.

Abstract. Thin films with nanometer thicknesses in the range 100-400 nm are prepared from
double hydrophilic copolymers of complex branched structures containing poly(N,N-
dimethylacrylamide) and poly(ethylene oxide) blocks and are used as humidity sensitive media.
Instead of using glass or opaque wafer for substrates, polymer thin films are deposited on Bragg
stacks andthin (30 nm) sputtered Au-Pd films thus bringing color for the colorless
polymer/glass system andenabling transmittance measurements for humidity sensing. All
samples are characterized by transmittance measurements at different humidity levels in the
range from 5 % to 90 % relative humidity. Additionally, the humidity induced color change is
studied by calculating the colorcoordinates at different relative humidity using measured
spectra of transmittance or reflectance. A special attention is paid to the selection of
wavelength(s) of measurements and discriminating between different humidity levels when

sensing is performed by measuring transmittance at fixed wavelengths. The influence of initial



film thickness, sensor architecture and measuring configuration on sensitivity is studied. The
potential and advantages of using top covered Bragg stacks and polymer/metal thin film
structures as humidity sensors with simple optical read-outsare demonstrated and discussed.

AbctrpakT. OTIOXEHU ca ThbHKU GUIMH OT JBOMHO XUJIPO(UIHU CHIIOIMUMEPHU ChC CIOKHU
Pa3KIIOHEHH CTPYKTYpH, ChAbpKamm OsokoBe oT moau(N,N-TuMeTunakpuiaMua) Hu
nonu(eTusieHokeu1) ¢ aedenuna B auamnazona 100-400 HM M ca M3MON3BaHM KAaToO CpeEna,
YyBCTBUTEJIHA KbM Bjara. Bmecto na ce W3Moji3Ba CTHKIO WM HENpO3payHa IMOMAJIOXKKA,
NoJMMEpHUTE QUIIMHU Cca OTJIOXKEHH BbpPXY cTekoBe Ha bpar mokputu ¢ ThHkH (30 HM) Au-Pd
¢bunMu (HaHeCeHM Ype3 pasmpallBaHe), KaTo MO TO3W HAYMH C€ BHACS LBAT 3a Oe€3I[BETHATA
crcTeMa IMOJIMMEP/CTHKIIO, a TOBA MO3BOJISIBA H3MEPBAaHE HA CIIEKTPU B PEXKHUM Ha IPOITYCKaHE
MIpH pa3linyHa CTETEeH Ha BIAXHOCT. Benuku 00pasuu ca oxapakTepu3upaHy upe3 U3MepBaHe
Ha CIEKTpH Ha mpomnyckane T npu pa3nuyHu HUBA Ha OTHOCUTENHA BIQXKHOCT B IMAIa30Ha OT
5% 1o 90%. Unnynupanata oT BiaraTa nmpomsiHa Ha I[BETa Ha 00pa3IuTe € U3CleBaHa Ype3
M3YHCISBAaHE HA IBETHUTE KOOPAMHATH TPH pa3IMdHa OTHOCHUTEIHA BIIAXHOCT, KAaTro ca
W3MOJI3BaHN M3MEPEHHUTE CIEKTPU Ha MponyckaHe wiu oTpaxenue. [Ipu u3cnensanero Ha
CEH30pHHUTE CBOMCTBA Ha 0OpaslMTe Upe3 M3MEpPBAaHE B PEKUM Ha MPOIYCKaHE, CIEIUATHO
BHUMaHHE € OTJEJIECHO INpu M300pa Ha IbJDKMHA(M) HA BBJIHATA 3a HU3MEPBAHMSITA IpU
(bUKCUpaHU TBDKUHH HA BBIIHATA U HA TOYHOTO pa3rpaHHyYaBaHe MEXIy pa3IMdHUTE HUBA HA
BI@XHOCT. M3cienBaHo e M BIMSHMETO Ha MIbpBOHAYalHaTa JAelOennHa Ha ¢uiIMa,
apXUTEKTypaTa Ha CeH30pa M KOH(UTypalusTa Ha U3MEPBAHETO BHPXY UYBCTBHTEITHOCTTA.
[ToTeHIMaTbT ¥ MpEIUMCTBATa HA M3IIOJI3BAHETO HA CTPYKTYpH OT bpar cTexoBe, MOKPUTH C
MOJTUMEP W METAJIHW THHKOCIOWHU (PUIIMH, KaTO CEH30pH 32 BIAXKHOCT C IMPOCTO ONTHYHO

OTUUTAHE, Ca ACMOHCTPHUPAHU U JUCKYTHUPAHU.

4. Lazarova, K., Bozhilova, S., Christova, D., Babeva, T. Poly(vinyl alcohol)-based
thin films for optical humidity sensing. Journal of Physics: Conference Series, 1492,
012040, 2020.

Abstract. The optical and humidity-sensing properties are studied of hydrophobically modified
PVA, namely poly(vinyl alcohol-co-vinyl acetal)s of varied copolymer composition.
Copolymers are synthesized by reacting PVA with acetaldehyde in aqueous solution, thus
introducing cyclic acetal functionalities in the polymer chain. Thin polymer films are deposited

by spin-coating and their optical properties are studied as a function of the copolymer



composition, i.e., degree of acetalization. Reflectance measurements at different relative
humidities in the range 5 — 95 % RH are conducted in order to probe the sensing behavior. The
comparison with neat PVA thin films confirms the influence of the copolymer’s acetal fraction
on the optical and sensing properties and degree of hysteresis. The feasibility of applying
poly(vinyl alcohol-co-vinyl acetal) thin films for optical sensing of humidity is demonstrated

and discussed.

AbcTrpakT. V3cneaBanu ca ONTUYHUTE U CEH30PHU CBOMCTBA CIPSIMO Biara Ha Xuapo(oOHO
Moaupuumpan [1BA, a uMEeHHO Mo (BUHUIAIKOXOJI-Ch-BUHUIIALIETAN) C PA3JIMYEH ChCTaB Ha
chronuMepa. ChIoTUMEpHUTE ca CHHTE3UpPAaHH upe3 B3aumojericteue Ha [IBA ¢ anerangexun
BbB BOACH PAa3TBOP, KAaTO IO TO3W HAYMH Ca BbBCACHU HUKIIMYHHA allCTAJTHU q)YHKHI/IOHaJIHOCTI/I
B nosiuMepHara Bepura. OTIOXKeHH ca ThbHKUA (DUIMH OT CHIIOJIMMEPUTE Ype3 HEHTPODYKHO
HAaHACSHE W TEXHUTE ONTUYHU CBOMCTBA Ca M3CIEABAHU KaTo (YHKIMS OT ChCTaBa Ha
CBIIOJIMMEpA, T.€. OT CTENEHTa Ha aueranupane. C el 1a ce U3y4yu MOBEJEHUETO Ha CEH30pa
IIPY PA3JIMYHA BJIAXKHOCT €A U3MEPEHU CIIEKTPU HAa OTPaXKCHUE MPHU Pa3IU4HU CTOMHOCTH Ha
OTHOCUTEJIHATA BJIAKHOCT B 1nana3ona 5 — 95 % RH. HanpaBeHoTo cpaBHEeHUE Ha pe3yaTaTUTE
C Te3U Ha ThHKU QuiMu oT uucT [IBA moTBbpKaaBa BIMSHUETO Ha alleTalHaTa Qpakuus Ha
CBhIIOJIMMEpPAa BBPXY ONTUYHUTE W CEH30PHH CBOWMCTBA M CTENEHTA HAa XHUCTEPE3MC.
JlemoHCTpUpaHa € U 00CBHJIEHa BB3MOXKHOCTTA 3a W3MOJ3BAHETO HA THHKUTE (UiIMHU OT

HOJ'II/I(BI/IHI/IJ'IaJ'IKOXOJ'I'C’b'BI/IHI/IJ’IaHCTaJ'I) 3a OIITUYHO U3MCPBAHC HA BJIAXKHOCT.

5. Lazarova, K., Bozhilova, S., Novakov, Ch., Christova, D., Babeva, T. Amphiphilic
Poly(vinyl Alcohol) Copolymers Designed for Optical Sensor Applications—Synthesis
and Properties. Coatings, 10(5), 460, 2020.

Abstract. A possible approach for enhancement of Poly(vinyl alcohol) (PVA) humidity-
sensing performance using hydrophobically modified PVA copolymers is studied. Series of
poly(vinylalcohol-co-vinylacetal)s (PVA-AC) of acetal content in the range 18 % — 28 % are
synthesized by partial acetalization of hydroxyl groups of PVA with acetaldehyde and thin films
are deposited by spin-coating using silicon substrates and glass substrates covered with Au—Pd
thin film with thickness of 30 nm. Sensing properties are probed through reflectance
measurements at relative humidity (RH) in the range 5 % — 95 % RH. The influence of film
thickness, post-deposition annealing temperature, and substrate type/configuration on

hysteresis, sensitivity, and accuracy/resolution of humidity sensing is studied for partially



acetalized PVA copolymer films, and comparison with neat PVA is made. Enhancement of
sensing behavior through preparation of polymer—silica hybrids is demonstrated. The
possibility of color sensing is discussed.

AbcTpakTt. M3cnensaH € BB3MOXKEH IIOJXOJ] 33 TOAO0OpsSBaHE Ha XapaKTEPUCTHKUTE Ha
YYBCTBUTEIHOCTTA KBbM BIAXHOCT Ha moju(BUHUIOB ankoxoi) ([IBA), kato ce u3smons3sar
xunapopodHo moaupummpanun IIBA cemnomumepu. Cepus 0T HOMH(BUHHIAIKOXOJ-Ch-
Bununaneran)u (IIBA-An) cbe chabpxkaHue Ha alieTallHu ITpynu B nuamnazona 18 % - 28 % ca
CHHTE3MPAHU Ype3 YaCTUYHO alleTallipaHe Ha XuApoKcuiIHuTe Tpynu Ha [IBA ¢ anerangexua
U OT TSIX 4Ype3 HEHTPOPYKHO HAHACSHE Ca OTJIOKEHU THHKU (UIMH BBPXY CHIHUIIMEBA
MIOJIJIOKKA U BBPXY CTHKIIO, TOKPUTO ¢ ThHBK punm ot Au-Pd ¢ nebenmna 30 M. CeHzopHHTE
CBOWCTBA Ha 0Opa3IUTe Ca W3CJICJBAHH YpE3 M3MEPBAHE Ha CICKTPUTE HA OTPAKEHHUE MpPH
otHocutenHa BinaxHocT (RH) B aumanazona 5 % — 95 % RH. U3cnenBano e BIMSHUETO Ha
nebenmHara Ha GUIMa, TEMIIEpaTypaTa Ha OTIPsABAHE CJIe] OTIaraHe U THITa/KOH(PUTyparusaTa
Ha TIOJUIOKKATa BBPXY XHCTEPE3UCa, YYBCTBHTEITHOCTTA M TOYHOCTTA/PE30JIIONMITA Ha
M3MEPBAHETO 3a YaCTHYHO areranusupanure [IBA cbmonuMepHu GuiiMu, KaTo € HallpaBeHO
cpaBHeHHe ¢ pe3ynratute Ha ¢puim ot uuct [1BA. Tloka3ano e mogoOpsiBaHe Ha CEH30PHUTE
CBOMCTBAa 4pe3 W3IOJI3BAHETO HA XUOPHUIHU (WIMH OT IMOJIMMEPH C BKIIOYCH CHITUITUCB

JHUOKCH/I. O6C"I)JleHa € Bb3MOXXHOCTTA 3a JCTCKIUA Ha BJiara 4Ype3 NMpoOMsAaHa Ha IBETA.

6. Lazarova, K., Bozhilova, S., Ivanova, S., Christova, D., Babeva, T. Flexible and
Transparent Polymer-Based Optical Humidity Sensor. Sensors, 21(11), 36742021,
2021.

Abstract. Thin spin-coated polymer films of amphiphilic copolymer obtained by partial
acetalization of poly (vinyl alcohol) are used as humidity-sensitive media. They are deposited
on polymer substrate (PET) in order to obtain a flexible humidity sensor. Premetallization of
substrate is implemented for increasing the optical contrast of the sensor, thus improving the
sensitivity. The morphology of the sensors is studied by surface profiling, while the
transparency of the sensor is controlled by transmittance measurements. The sensing behavior
is evaluated through monitoring of transmittance values at different levels of relative humidity
gradually changing in the range 5 % — 95 % and the influence of up to 1000 bending

deformations is estimated by determining the hysteresis and sensitivity of the flexible sensor



after each set of deformations. The successful development of a flexible sensor for optical

monitoring of humidity in a wide humidity range is demonstrated and discussed.

AodcTpakTt. OTIOXeHH upe3 IeHTPOPYKHO HaHAcsHE THHKM GuiaMu ot ampuduaeH
CBIIOJMMeEp, OJyUeH Ype3 YaCTUYHO alleTalupaHe Ha MOJIU(BUHIIIOB aJIKOXO0JT), Ca U3MOI3BaHU
KAaTo YYBCTBUTEIHA KBM BJIAKHOCT cpefa. Te ca OTIIOKEHH BBpPXY MOJMMEpHA TMOJUIOKKA
(ITET), c uen monydaBaHe Ha I'bBKAB CEH30p 3a Bjara. Y BeJIM4yaBaHe Ha ONTUYHUS KOHTPACT Ha
CeH30pa, KaTo M MOJ0OpsiBaHE HAa YYBCTBUTEIHOCTTA Ca MOCTUTHATH 4Ype3 MpelBapUTEIIHO
MeTalM3upaHe Ha MOJJIOKKaTa. Mopdosorusita Ha MOBLPXHOCTTa Ha OOpa3LUTe € U3ydeHa
ype3 3D ontuyeH mpoduiomep, a CTENeHTa Ha MPO3PAaYHOCT HA CEH30pa € CieleHa upes3
M3MEpBaHE Ha CIEKTPUTE Ha mpomyckaHe. [loBejaeHMETO Ha CEH30pa € OIIGHEHO Ype3
HaOto/IeHue Ha CTOWHOCTUTE Ha Koe(ullMeHTa Ha MpONycKaHe MpU pa3jMyHd HUBAa Ha
OTHOCHUTEIIHATa BIAYKHOCT, TpOMeHsIIa ce B AuanazoHa 5 % — 95 %. Brnusuuero Ha 1o 1000
neopManuu Ha OrbBaHE BBPXY paboTaTa Ha CEH30pa € M3CIEABAHO Ype3 OINpeNeNsHe Ha
XHCTEpe3nca W YyBCTBUTEIHOCTTA HA T'bBKABHS CEH30p CIIE/ BCSKa cepus OT JaedopMaiuu.
JlemoHCTpUpaHO € U OOCHACHO YCHEIIHOTO pa3pabOTBaHE HAa I'bBKAB CEH30p 32 ONTHYEH

MOHUTOPHUHI' HAa HUBOTO Ha BJIAJKHOCT B HIUPOK AHUAIIA30H.

I'-7. Tlokazaren 7: Hayunu myOnukaivs B W3JaHMs, KOUTO ca pedepupaHu u
WHJIEKCUPaHU B CBETOBHOM3BECTHMOA3M JTaHHU ¢ HayuyHa uH(opmanus (Web of

Science u Scopus), U3BbH XaOUITUTAUOHHUS TPYA.

7. Babeva, T, Awala, H, Vasileva, M, Fallah, J. El, Lazarova, K, Mintova, S. Pure silica
MFI zeolite films as antireflection coatings. Bulgarian Chemical Communications, 45,
B, 18-22, 2013.

Abstract. Densely packed thin films of pure silica MFI (Mordenite Framework Inverted) type
zeolites nanocrystals (35 nm) are deposited by spin coating method. The influence of coating
suspension and spin-on rotation conditions on films thickness is investigated. The optical
constant and thickness of the films are defined from the reflection spectra using nonlinear curve
fitting method. It is demonstrated that the MFI thin films with appropriate thickness deposited
on both sides of glass substrate operate as an antireflection coating in the visible spectral range.

An increase of transmission with 6 % and decrease of reflection with 7.5 % are observed.



A6ctpakr. [InrbTHH THHKH GHiIMU ¢ AeGennuHa 35 HM OT 3€0JIMTHH HAHOKPUCTAIU OT YHUCT
cunuiueB auokcun tun MFI (Mordenite Framework Inverted) ca ornoxenu mo merona Ha
LHEeHTpo(yKHOTO HaHacsiHe. M3cnenBaHo € BIMSHHETO Ha W3NOJI3BAaHUTE 3a OTJIAraHeTo Ha
MOKPUTHETO CYCIIEH3MH M CKOPOCTTA Ha POTALMA Ha OUI0KKATa BbpXY JeOenrHaTa Ha puiama.
OntryHaTa KOHCTAaHTA U IeOeTMHaTa Ha GUIMUTE ca OTPEICTICHU OT CIIEKTPHUTE HA OTPasKEHHE,
KaTo € U3I0JI3BaH METOJ Ha MUHHMMHU3HMpAHE Ha pa3jiiKaTa MEXIy M3MEPEHU U M3UMCIICHU
KpuBU Ha oTpaxeHue. Iloka3aHo e, 4e THHKM 3€0JIMTHM QWIMH C NoJaXozsua jaebennHa,
HAHECEHU OT JIBETE CTPAHU Ha CTHKIJIEHA MOJIOKKA, IeHCTBAT KaTO aHTUPE(PIIEKCHO TOKPUTHE
BbB BUIMMHS CIIEKTpajieH auana3oH. HaOnromaBaHo e yBennueHWe Ha KoepHUIMEHTa Ha

npomnyckane ¢ 6 % u HaMansiBaHe Ha Koe(UIMeHTa Ha OTpaskeHue ¢be 7.5 %.

8. Lazarova, K, Vasileva, M, Marinov, G, Babeva, T. Sol-gel derived Nb2Os thin films
for photonic applications. Bulgarian Chemical Communications, 45, B, 23-27, 2013.

Abstract. The fabrication and optical characterization of thin Nb2Os films, obtained by spin
coating of Nb sol on silicon substrate are presented. The Nb sol is prepared by sonocatalytic
method using niobium chloride as a source for Nb and ethanol for solvent. The structure and
morphology of the films are inspected through XRD and SEM measurements. Refractive index,
extinction coefficient and thickness of the films are determined from measured reflectance
spectra using non-linear curve fitting method. The impacts of ageing of the Nb sol, the duration
of sonocatalytic treatment and post deposition annealing on the optical properties and thickness
of the films are investigated. The possibility for fabrication of one dimensional photonic crystals

using Nb2Os and SiO: as high and low refractive index materials is discussed.

AOcTpakT. B HacTosimara paboTa e mpeicraBeHa n3padoTkaTta 1 ONTHYHOTO XapaKTepU3UpaHe
Ha ThHKU (uimu ot Nb2Os, monydenn ype3 neHTpodyKHO HaHacsHe Ha Nb 3011 BBPXY
CHJIMIIMEBA MOAI0%KKa. Nb 301 € moydeH upe3 U3MoI3BaHe Ha HIOOHEB XJIOPU KaTO U3TOUHUK
Ha Nb u eTaHOJ 3a pa3TBOPUTEN U YITpa3ByKoBo Tpetupane. CTpykTypaTta u Mopdosorusra
Ha Quinmure e uzcnensana upe3 XRD u SEM u3mepanus. [lokazarenar Ha mpedynBaHe,
KOe(PUITMEHTHT Ha TOTJIBINAaHEe W nelenrHaTa Ha (UIMHUTE ca ONpEeIeNieHH OT U3MEpPEHUTE
CHEKTPU Ha OTpakeHHE H3IOJI3BAallki MeETOoJa Ha MUHUMHU3MpaHE Ha pas3liuKara MeExXIy
M3MEPEHU M U3YHCICHU KPUBH Ha oTpakeHue. M3cienBaHo e BIUSHUETO Ha cTapeeHeTo Ha Nb

30JI, IMPOABJDKUTCIIHOCTTA HaA YJITPA3BYKOBOTO TPETHPAHC U TOCICABAILIOTO OTIPsABAHC Ha



(dbunmMuTe caen oTiaaraHe BbpXy ONTUYHUTE CBOKMCTBA M neOennHaTa Ha ¢punmute. OOChaAcHa €
BB3MOXHOCTTA 3a U3paboTKaTa Ha eJHOMEpHH (POTOHHM KpUCTAIU 4Ype3 uinon3Bane Ha NbyOs

u Si02 KaTo MaTepualii C BUCOK M HUCHK ITOKa3aTell Ha MPpeYyIBaHe.

9. Lazarova, K, Awala, H, Fallah, J El, Vasileva, M, Mintova, S, Babeva, T. Optimization
of optical and sensing properties of sol-gel oxides through zeolite doping. Bulgarian
Chemical Communications, 49, 88-94, 2017.

Abstract. The modification of the optical and sensing properties of Nb2Os and SiO> oxides thin
films through doping with nanosized zeolite crystals with MFI and EMT- types framework was
studied. Thin films of pure oxides and oxo-zeolite composites consisting of oxide matrix
embedded with zeolites were deposited by spin-coating method using presynthesized metal sols
and colloidal stable zeolite suspension mixed at the desired ratios and subjected to
postdeposition annealing. The surface morphology of the films and their optical properties were
investigated by SEM and UV-VIS-NIR spectroscopy, respectively. The sensing behavior was
studied by measuring the reflectance spectra before and after exposure to probe molecule
(acetone vapors) and successive calculation of the changes in effective refractive index due to
vapor condensation in the porous films. The potential of the developed materials for optical
sensing applications is discussed.

AbcTpakr. U3cnensana e MoauduKanusaTa Ha ONTUYHUTE U CEH30PHUTE CBOICTBAa Ha THHKH
¢umu ot Nb2Os u SiO; upe3 notupane ¢ HaHOpa3MEPHHU 3€0JUTHU Kpuctanu ot Tun MFI u
EMT. TepHkHUTE QUIMH OT YUCTU OKCHJM U OKCO-3€0JINTHU KOMIIO3UTH, CHCTOSIIU CE OT
OKCHJTHa MaTpHIIa ChC 3€0JIUTH, Ca OTJIOKEHH Ype3 METo/1a Ha IEHTPO(yKHOTO HaHACSHE, KaTo
ce M3IO0J3BaT MPEIBAPUTEIIHO CHHTE3MPAHUTE METAJHHM 30JI0B€ M KOJOMIHO CTaOMIIHA
3€0JIMTHA CYCIIEH3Usl, CMECEHH B JKEJIAHUTE CHOTHOILLIEHHUS W ITOJUIOKEHU Ha OTTPSIBAHE CIIEH
ornarane. I[loBbpxHocTHaTa Mopdonorus Ha (UIMUTE M TEXHUTE ONTUYHH CBOWCTBA ca
uscneaBanu cboTBeTHO upe3 SEM u UV-VIS-NIR cnektpockonus. CeH30pHHUTE CBOWCTBA ca
M3CJIEIBAHY YpEe3 U3MEPBAHE HA CIIEKTPUTE HA OTPAXKEHUE IIPEAU U CIIE U3JIaraHe Ha TeCTOBATa
MoJieKyJia (AlleTOHOBM Mapu) M MOCJIE/BAIlO0 HM3YMUCISIBAHE Ha MPOMEHHUTE B E(PEKTHBHHS
MOKa3ares Ha MpevynBaHe Mopaay KOHAECH3alMITa Ha Tapy B opecTuTe punmu. Juckytupan

€ IOTCHIUAJIbT Ha p33pa60TeHI/ITe MaTCpHraJIn 3a IPUITOKCHUCKATO OIITUYHU CCH30PU.



10. Babeva, T, Awala, H, Grand, J, Lazarova, K, Vasileva, M, Mintova, S. Optical and
sensing properties of sol-gel derived vanadium pentaoxide thin films and structures.
Journal of Physics: Conf. Series, 992,012038 (IOP Conf. Series), 2018.

Abstract. The sol-gel and spin-coating methods were used for deposition of thin transparent
V205 films on optical glass substrates and silicon wafers. Different synthesis and deposition
conditions, including synthesis temperatures and post-deposition annealing, were used aiming
at obtaining transparent films with high refractive index and good optical quality. The surface
morphology and structure of the films were studied by SEM and XRD. The optical properties
(refractive index, extinction coefficient and optical band gap) and thickness of the V20Os films
were determined from their transmittance and reflectance spectra. The potential application of
the films as building blocks of optical sensors was demonstrated by preparation of multilayered
structures comprising both V205 and BEA-type zeolite films and testing their response towards

acetone vapors.

AbcTpakT. Metoaure 305-Tel U LEHTPOPYKHO HAHACSHE Ca W3IOJI3BAHU 3a OTJaraHeTo Ha
TBHHKH 1po3padnu V205 GpuiamMu BbpXy NOUI0KKA OT ONTUYHO CTHKJIO M CHIMLIKEBA maiida. 3a
Ja ce TMOoJydyaT Mpo3padyHu (PUIMH C BHCOK IIOKa3aTell Ha MpedylBaHe U JAOOPO ONTHYHO
Ka4eCTBO Ca M3IOJI3BAHU PA3JIMYHM YCIOBHS HAa CUHTE3 M OTJIaraHe, BKIIOUYNUTEIHO Pa3IMYHU
TEeMIIepaTypd Ha CHHTE3 M OTrpsiBaHe ciej oriaraHe. IloBepxHocTHara mopdonorus u
CTpYyKTypa Ha puiamure ca uscineasanu upe3 SEM u XRD. Ontuunute cBoicTBa (1oKa3aTeln
Ha MpedynBaHe, Koe(UIMEHT Ha NOMTbIIaHe U IIMpHUHA Ha 3a0paHeHara 30Ha) U AeOenrHara
Ha V205 ¢unmure ca ompeneneHW OT TEXHHUTE CHEKTPU Ha MPONMYCKaHE U OTpaKeHHeE.
[ToTeHamHOTO MpUIIOKEHUE HA (PUIMHUTE KaTO I'PaJIiBHU €JIEMEHTH Ha ONTUYHH CEH30pH €
JI€MOHCTPHPAHO Upe3 U3rpakJaHe Ha MHOTOCIIOWHU CTPYKTYpPH, BKIFOUBaIIM KakTo V20s, Taka

n BEA-tun 3eommtHN (1)I/IJ'IMI/I 1 TCCTBAHC HaA TAXHATAa PCaKHd KbM allCTOHOBH I1apu.

11. Dimitrov, O, Stambolova, I, Lazarova, K, Babeva, T, Vasilev, S, Shipochka, M. The
effect of different acid stabilizers on the morphology and optical properties of ZrO: sol-

gel films. Bulgarian Chemical Communications, 50, F, 167-172, 2018.

Abstract. Transparent and homogeneous ZrO> films were obtained by sol-gel technique using
different acids as stabilizing agents. Tetragonal ZrO> phase with small nanosized crystallites is

characteristic for the studied films. The surface morphology of the samples is smooth and



continuous without visible cracks. An average transmittance of about 80 % was observed for
the samples in the visible range. The refractive indexes of the films prepared using CH3COOH
and HNOs are 1.672 and 1.602, respectively. The chemical composition of the films as revealed
by XPS analysis showthe presence of oxygen defects. Photoluminescence (PL) properties were
also studied in the range of 300-550 nm. The PL spectra of the samples obtained from solutions
with CH3COOH and HNO3 exhibit broad emission band with maximum at 401 and 415 nm,
respectively. The later PL peak has stronger intensity, due to the larger size of crystallites of
the HNOs films, as opposed to the CH;COOH samples.

A6ctpakr. [lonydenu ca mpo3paunu u xomoreHHH ZrQOz ¢uiaMu upe3 305-T€l METojaa ¢
M3II0JI3BaHE Ha Pa3IMYHH KHCEIMHU KaTo CTaOMIM3HMpAIly areHTH. 3a u3cienBaHuTe Gpuamu e
xapakTepHa TeTparoHainHa ZrOz ¢a3a ¢ MajIKi HaHOpa3MEepHU KpUCTaIUTU. Mopdoorusta Ha
MOBBPXHOCTTA HA MIPOOUTE € I1aJKa U HellpeKkbcHaTa 0e3 BuauMu nykHatuHu. Habmonasa ce
CpeIHa CTOMHOCT Ha Koe(HuIMeHTa Ha MpoITyckaHe oT 0kojio 80 % 3a 00pa3uTe BEB BUTUMUS
nuarnasoH. [lokasarenure Ha npevynBane Ha puiamMuTe, norydeHu ¢ nsnomsBane Ha CH3COOH
u HNOs, ca crorBetHO 1.672 1 1.602. XuMUYHUAT chCTaB Ha puamuTte, nomydeH upe3 XPS
aHaAIIN3, I0Ka3Ba HATMYKETO Ha KUCIOpOoaAHU aedekt. PoTonymunecueHTHITE cBoiicTBa (DJI)
ChIIO ca n3cuenBanu B quamnazoHa ot 300-550 am. DJI ciektpu Ha 00pa3uUTE, MOITYIEHH OT
paztBopu ¢ CH3COOH n HNOg3, noka3Bar mUpOK Juana3oH Ha U3TbUBAHE C MAKCUMYMH
cboTBeTHO 1Ipu 401 1 415 HM. Bropuar nuk nMa 1o-cujIeH HHTEH3UTET, NOPaAH IO-TOJIEMUS

pa3Mep Ha kpuctanutute Ha Gunmute ot HNOg, 3a pa3nuka ot te3u or CH3COOH.

12. Lazarova, K., Boycheva S. V., Vasileva, M., Zgureva, D., Georgieva, B., Babeva, T.
Zeolites from fly ash embedded in a thin niobium oxide matrix for optical and sensing
applications. Journal of Physics Conference Series, 1186:012024, IOP, 2019.

Abstract. Thin films consisting of a sol-gel Nb>Os matrix doped with fly ash zeolites in
different volume fractions were deposited by the method of spin-coating. Zeolites of Na-X
phase were prepared by long-term alkaline atmospheric conversion of coal ash collected from
the electrostatic precipitators in TPP "AES Galabovo™ supplied by lignite coal from the
"Maritza East" basin using two different molarities of alkaline activator (NaOH). The surface
morphology and structure of zeolite powders and films were studied by scanning electron
microscopy and X-ray diffraction, respectively. Optical constants (refractive index and

extinction coefficient) along with thickness of the films were calculated using a previously



developed procedure comprising two steps of nonlinear minimization of the discrepancies
between the measured and calculated reflectance spectra of films deposited on silicon
substrates. The liquid adsorption and vapor sensing ability of fly ash zeolites were tested by
measuring the reflectance spectra of the films prior to and after exposure to probe acetone
molecules. The application of zeolites from fly ash for optical sensing is demonstrated and

discussed.

Abctrpakrt. TeHkH hunmu, ceeTosmu ce oT Nb2Os maTpulia, J0TUpaHa CbC 3€OTUTH OT Tenel
B pa3iau4HU 00eMHU (pakuuu, ca OTIOKEHH IO METO/Ja Ha LEHTPOQYKHOTO HaHACSHE.
3eomut or Na-X ¢asa ca TOTy4eHH dYpe3 NPOABDKUTEIHO AJIKaTHO aTMOC(EpHO
npeoOpasyBaHe Ha BBIUIMIIHA METeN, ChOpaHa oT eekrpocrarnaaute yrautenu B TELL ,,AES
I'brb00BO*, MurHUTEH OaceitH "Mapunia M3Tok", ¢ 1Be pa3IMuyHA MOJAPHOCTH Ha aJKaJTHUS
aktuBarop (NaOH) . IToppxHOCTHaTa MOP(OIOTHS U CTPYKTYypa Ha 3€OJUTHUTE MPaxoBe U
THHKHATE (DUIMHU Ca W3CJICIBAHM CHOTBETHO Ype3 CKaHUpAIa CICKTPOHHA MHUKPOCKOIHUS U
peHTreHoBa nudpaxiusa. ONTUYHUTE KOHCTAHTH (TIOKa3aTell Ha MpedyImBaHe u KOS(UITMEHT Ha
MOTJTbIIAHE) KAKTO U JebenuHaTa Ha (UIMUTE OTJIOXKEHH BbPXY CHUIIUIIMEBH IMOIJIOKKH ca
W3UYUCIICHH C TIOMOIITA Ha MPeBapUTEIHO pa3paboTeHa MpoLeaypa, BKIOYBAIIA IBE CTHIKU
Ha HEJIMHEWHO MHUHUMHU3HMpPAHE Ha pas3iuKara MEXAy HU3MEpPEHH W HM3YUCICHH KpPUBH Ha
oTpaxkeHue. TeuHara afgcopOLMs U CEH30PHUTE CBOMCTBA HA 3€0JINTUTE OT JIETAIIa Menen ca
TECTBaHH 4Ype3 M3MEpPBaHE Ha CIIEKTPUTE Ha OTpaKEHUE Ha (PUIMUTE MPEAU U CJe] U3jaraHe
Ha MOJIEKYJIUTE Ha aneToHa. JIeMOHCTpUpaHO € MPUIIOKEHUETO Ha 3€OJUTUTE OT JIETSIIA

BBIJIMIIHA IICIICII 3a OIITHYHA JCTCKIIUA.

13. Georgiev, R., Lazarova, K., Vasileva, M., Babeva, T. All niobia Bragg stacks for
optical sensing of vapors. Springer, Optical and Quantum Electronics, 52, 114, 2020.

Abstract. Vapor responsive all Nb2Os Bragg stacks were prepared using spin-coating of
alternating dense and porous films with quarter-wavelength thickness. The required porosity in
the films was achieved by soft-templating method using micellar solution of Pluronic
copolymer as an organic template. The surface morphology and structure of the films were
studied by transmission electron microscopy and selected area electron diffraction,
respectively, while optical characterization was performed by combination of ellipsometric
andreflectance measurements. Vapor sensing response of the films was tested by reflectance

measurements of the samples prior to and after exposure to acetone vapors selected as probe



molecules. Incorporation of “defect” layer in the multilayered structures was firstly simulated
theoretically and then realized experimentally aiming at improvement of theoptical response to
volatile organic compounds. Furthermore, the potential of all niobia stacks consisting of
alternating dense and porous sol—gel Nb.Os films as chemical sensors with optical read-out is

demonstrated and discussed.

Aocrpakt. UyscrBurennun Ha mapa bpar crekoe m3ipsumo ot Nb2Os ca m3pagenu upes
LEHTPO(]y>KHO HAHACSHE Ha PeAYBAIlHY Ce IUTBTHHU U IOpecTH (pUIIMU ¢ ieOenrHa paBHa Ha eJHa
4eTBBPT OT IbJDKMHA Ha BhiIHaTa. HeoOxoauMaTa mopbo3HOCT BbB (PUIIMUTE € IIOCTUTHATA Upe3
T.Hap. soft-templating method, u3non3Baiiku MunenapeH pa3tBop Ha cbroiumep Pluronic karo
opranvueH 1mabnoH. IloBbpxHOcTHaTa MopQosjoruss U CTpyKTypaTa Ha QWIMHUTE ca
U3CJEBaHU CBOTBETHO Ype3 TPAHCMUCHOHHA €NEeKTPOHHA MMKPOCKOIHUS M eJIEKTPOHHA
audpakius Ha n30paHa VIO, @ ONTUYHOTO XapaKTepU3UpaHe € U3BbPIICHO Ype3 KOMOUHAIMS
OT EJMIICOMETPUYHHN U3MEPBAHUS U U3MEPBAHMS Ha CIIEKTPUTE HA OTpakeHue. Peakiusra Ha
THHKUTE (UIMH KbM TApU € TEeCTBaHAa 4Ype3 M3MEPBAaHE Ha CIEKTPUTE HAa OTPaKEHUE Ha
o0pa3uuTe Ipeau U ciell u3jaraHe Ha aleTOHOBU napu. Brpaxnanero Ha “nedexten” cioi B
MHOTOCJIOHHHUTE CTPYKTYPH IIbPBO € CUMYJIMPAHO TEOPETUYHO, a ClIeJ] TOBA € Peau3upaHo
EKCIIEpUMEHTATHO C IeJl TOJ00psBaHE HAa ONTHYHUS OTKIMK KbM JICTIMBH OpPTaHUYHU
cbenuHeHns. OCBEH TOBa € IEMOHCTPUPAH U 00CHCH MOTCHIIMAIBT HAa CTEKOBETE, N3TPATICHA
U3IUI0 OT HUOOUIA M ChCTOSIIM Ce OT peyBally ce mIbTHU U nopectu dunmu ot Nb20s, kato

XUMHYCCKHU CCH30PU C OIITUYHO ACTCKTUPAHC.

14. Georgiev, R, Georgieva, B, Lazarova, K, Vasileva, M, Babeva, T. Sol-gel tantalum
pentoxide thin films with tunable refractive index for optical sensing applications.
Springer, Optical and Quantum Electronics, 52, 437, 1-12. 2020.

Abstract. Present study aims at development of thin films of sol-gel Ta-Os with tunable
refractive index that could be used as an active medium for volatile organic compound (VOCs)
optical detection. In order to tune the refractive index, mesoporosity is introduced through soft
templating approach where series of copolymers (Pluronics) are utilized as structure-directing
agents. Thin films are prepared by spin-coating method using tantalum sol synthesized from
TaCls as a precursor and ethanol as a solvent. The temperature annealing at 320°C finalizes the
tantalum oxide lattice formation and decomposes the template being used. The morphology and

elemental composition of the films are studied by transmissionelectron microscopy (TEM) and



energy dispersive X-ray spectroscopy in STEM, respectively, and the amorphous status of the
films is confirmed by selected area electron diffraction. Non-linear curve fitting method and
non-destructive UV-VIS reflectance measurements are used for determination of optical
parameters of the films. The free volumefraction in the films is estimated through modeling of
refractive index by Bruggeman effective medium approximation. The films are exposed to
acetone vapors as a commonly studied VOC. The reaction of the film due to vapors’ exposure
is recorded as a change in thereflection spectra of the film and the adsorbed acetone quantity is
estimated. The influence of template composition on optical and sensing properties of Ta>Os

films is revealed and discussed.

A6cTpakT. HacTosmoTo u3cieaBane uma 3a 1el pa3paboTBaHeTo Ha THHKU (PHIMH MTOTydeHH
ype3 307-ren Merona ot 1a;0s ¢ mpoOMEHJIMB MOKa3aTes Ha MpeduynBaHe, KOUTO MOrar ja ce
M3MOI3BAT KaTo aKTHBHA CPe/ia 32 ONTHYHO ACTEKTUPAHE Ha JICTIMBU OPraHUYHU CheIUHEHUS
(JIOC). 3a na ce koHTpoOJIMpa MOKa3aTess Ha MpeuynBaHe, ME30MOPhO3HOCTTA CE TIOCTHUTa Ype3
T.Hap. Soft templating approach, npu koiito cepust ot cwrnoaumepu (Pluronics) ce u3nona3sat
KaTo CTYPKTYypO-HAacOUBAaIllM areHTU. ThHKUTE (PUIMU ca NPUTOTBEHHM dYpe3 METoAa Ha
HEeHTPO(Y)KHOTO HaHACsIHEe, KaTo ce WM3I0JI3Ba TaHTanoB 301, cuHTe3upaH oT TaCls kato
MPEeKypcop M €TaHONI KaTo pa3TBopuTeln. llocieaBamoro TeMmepaTypHOTO TpEeTHpaHe Ha
¢unmure npu 320°C ¢punanusupa oOpa3yBaHETO Ha PELIETKA OT TAaHTAJIOB OKCUJ M pazjara
U3I0JI3BaHUs CchIlonuMep. Mop(hoorusaTa u eeMeHTHUSAT ChCTaB Ha (PUIMHTE ca U3CIIeIBaHU
CbOTBETHO 4Ype3 TPAHCMHUCHOHHa enekTpoHHa Mukpockonuss (TEM) wu  enepruitHo
JUCIEpCUOHHA peHTreHoBa crekrpockonust B STEM, a amopHuaT cratyc Ha QuiIMure €
MOTBBP/ICHA upe3 Mudpakius Ha eJIeKTPOHHU Ha U30paHa TUIoI]. 3a ONpeIesisTiHEe Ha ONITUYHUTE
napamMeTpud Ha (UIMHTE € M3MOJI3BaH METOJ HAaHEIMHEHHO MHUHUMH3UpAHE Ha pas3jiuKaTa
MEX]y U3MEPEHU U U3UUCIIEHU KPUBH Ha oTpaxkeHue. CBoOo1HUS 00eM BbB (PUIMUTE € OLIEHEH
Yype3 MoJIeIMpaHe Ha TI0Ka3aTels Ha TpevylBaHe upe3 Mojena Ha bpyreman 3a edexkruBHaTa
cpena. PUIMHUTE ca U3JIOKEHW HA alleTOHOBU mapu kKaTto yecto uscienasano JIOC. Peakuusita
Ha (uIIMa Mopau U3JIaraHeTo Ha MApUTE € OTYETEHO KaTo MPOMSIHA B CIIEKTPUTE HAa OTPAKEHUE
Ha ¢uiIMa U Taka € MPecMeTHATO KOJIMYECTBOTO Ha afcopOupanus anetoH. OTKpHUTa € Bpb3Ka
MEX]y ChCTaBa Ha I1A0JIOHA, U3MOI3BaH NPH GOPMHUPAHETO HA CIOEBETE, BbPXY ONTUYHUTE U

cenzopHuTe cBoicTBa Ha Tax0s punmmure.



15. P Boycheva, S., Zgureva, D., Lazarova, K., Babeva, T., Popov, C., Lazarova, H.,
Popova, M. Progress in the Utilization of Coal Fly Ash by Conversion to Zeolites with
Green Energy Applications. Materials, MDPI, 13, 9, 2020.

Abstract. Fly ash (FA) from lignite coal combusted in different Thermal Power Plants (TPPs)
was used for the synthesis of zeolites (FAZs) of the Na-X type by alkaline activation via three
laboratory procedures. FAZs were characterized with respect to their morphology, phase
composition and surface properties, which predetermine their suitability for applications as
catalysts and adsorbents. FAZs were subsequently modified with metal oxides (CuO) to
improve their catalytic properties. The catalytic activity of non-modified and CuO-modified
FAZs in the total oxidation of volatile organic compounds was investigated. FAZs were studied
for their potential to retain CO>, as their favorable surface characteristics and the presence of
iron oxides make them suitable for carbon capture technologies. Thin films of FAZs were
deposited by in-situ crystallization, and investigated for their morphology and optical
sensitivity when exposed to pollutants in the gas phase, e.g., acetone. This study contributes to
the development of novel technological solutions for the smart and valuable utilization of FA

in the context of the circular economy and green energy production.

Abcrpakr. Jlersma mnenen (JIII) oT JAMTHUTHM BbIVIMIIA, U3rapsHU B pa3iIMyYHU
toroenekrpuuecku nentpanu (TELL), e u3non3sana 3a cunresa Ha 3eonuth (FAZs) ot Na-X
THUII Upe3 allkaJTHO aKTUBUPAHE Ype3 Tpu 1abopaTopHu npouenypu. FAZs ca xapakTepusupaHu
10 OTHOIICHWE Ha TsSXHaTa MOpQosorus, Ga3oB ChCTaB M MOBBPXHOCTHU CBOWCTBA, KOWTO
MPEIONPEISIIAT TSIXHATA TPUTOTHOCT 3a MPHIIOKEHUST KaTO KaTalu3aTopu U ajacopOeHTH. B
nocneactsue FAZ ca moaudunmpanu ¢ metanau okcuau (CuO) 3a mogoOpsBaHe Ha TEXHUTE
KaTaJTUTHYHU CBOMCTBa. V3cnenBaHa e KaraquTHYHATa aKTUBHOCT HAa HeMoAU(HUIIMpaHU U
CuO-momudurupanu FAZSs npu TOTATHOTO OKHCIICHHE HA JICTJIUBUTE OPTAHUYHU ChETMHCHUS.
FAZ ca uzcnenBanu 3a TexHust moteHnuan na 3aabpkat CO2, Thil KaTO TEXHUTE OJIarONPUSTHU
XapaKTePUCTHKU HA TIOBbPXHOCTTA U HAJTMYMETO HA KEIE3HU OKCHUIM T'H MPABST MOIXOISIIN
3a TEXHOJOTHUU 3a ylaBsHe Ha Bbryepold. TvHKU ¢unmu oT FAZ ca oTioxkeHU upes
KpUCTAIM3AIMS U ca U3CJIeIBaHA TEXHUTE MOP(OJIOTHS U ONITUYHA YYBCTBUTEITHOCT, KOTaTo ca
M3JI0KEHN Ha 3aMBPCHTENH B Ta30Bata (a3a, HalpuMep areToH. ToBa H3clieIBaHe JOMPUHACS
3a pa3pabOTBAHETO HA HOBHM TEXHOJIOTMYHHU PEIICHHS 32 WHTEIMICHTHO W IIEHHO M3II0JI3BaHe

Ha JIII B KOHTEKCTa Ha KpbroBaTa MKOHOMHKA U MTPOU3BOACTBOTO Ha 3CJICHA CHCPIUs.



16. Boycheva, S., Zgureva, D., Lazarova, H., Lazarova, K., Popov, C., Babeva, T., Popova,
M. Processing of high-grade zeolite nanocomposites from solid fuel combustion by-
products as critical raw materials substitutes. Manufacturing Review, 7, 22, 2020.

Abstract. High-grade zeolite nanocomposites are synthesized utilizing solid by-products from
combustion of coal for energy production in Thermal Power Plants applying alkaline aging,
hydrothermal and fusion-hydrothermal activation procedures. The obtained coal ash zeolites
were studied with respect to their chemical and phase composition, morphology, surface
parameters and thermal properties. It was found that they are distinguished in nanocrystalline
morphology and significant content of iron oxide nanoparticles (y-Fe203, a-Fe20s, y-Fes0s)
and doping elements (Cu, Co, Mn, V, W, etc.) transferred from the raw coal ash, and therefore
they are assumed as nanocomposites. Coal fly ash zeolite nanocomposites are characterized by
a mixed micro-mesoporous texture, significant concentration of acidic Brensted centers due to
their high surface insaturation, high chemical and thermal stabilty. This unique combination of
compositional and textural properties predetermines the application of these materials as
catalysts for thermal oxidation processes, anticorrosion barrier coatings, carbon capture
adsorbents, matrices for hosting functional groups, detergents etc. Examples for coal fly ash

zeolite applications for substitution of critical raw materials in practice are provided.

AGcTpakT. BuCOKOKaYeCTBEHH 3€0JIMTHH HAHOKOMITO3UTH Ca CHHTE3UPaHU 4Ype3 M3MOJI3BaHEe
Ha TBBPJUTE CTPAHUYHU MTPOAYKTH OT U3TapSHETO Ha BBIJIMINA 32 TPOU3BOJICTBO HA CHEPTHS B
TOILUIOCNICKTPUUCCKUTE IICHTPAIM, KaTo C€ MpWiIaraT TMpOLEAYypH 3a ajKalHO CTapeeHe,
XUAPOTEPMAIIHM W TEPMOSAPEHO-XUAPOTEPMAIIHM aKTUBHpauy mpouenypu. llomydenure
3€0JIMTH OT BBIVIMIIHA TICTIEN Ca W3CJIECIBAHHM MO OTHOIICHWE Ha TEXHHS XUMHUYEH U (a30B
cbcTaB, MOP(OIIOTHS, TOBBPXHOCTHH MapaMeTPU U TEPMHYHH CBOMCTBA. Y CTaHOBEHO €, Y€ Te
ce OTJIMYaBaT M0 HAHOKPUCTaTHA MOP(OJIOTHS U 3HAYUTEITHO ChAbPIKaHUE HA HAHOYACTHIIN OT
xeneseH okcuy (yY-Fe20s, a-Fex03z, y-Fe304) u nerupamm enementu (Cu, Co, Mn, V, W u 11p.),
MIPEHECCHH OT CYPOBa BBIIMIIHA TIETIC U CJICOBATEIIHO TE CE IPUEMAT KaTO HAHOKOMITO3UTH.
3C0JIMTHUTE HAHOKOMITO3UTH OT JICTJIMBA TETEN CE€ XapaKTepPH3HpaT ChC CMECCHAa MHKPO-
ME301opecTa TeKCTypa, 3HAYMTE]IHA KOHIIEHTpAIMsS Ha KUCEIWHHM IIEeHTpoBe Ha Brensted
mopaiu BHCOKAaTa WM HACHUTCHOCT Ha IOBBPXHOCTTA, BHCOKAa XHMMHUYCCKAa M TCPMHUYHA
crabunHocT. Ta3u yHUKamHAa KOMOHMHAIMS OT KOMIIO3UIIMOHHM U TEKCTYpHU CBOMCTBA
MpeoNpeeiss MPUIOKCHUETO Ha TE3M MaTephalld KaTo KAaTalu3aTopu 3a TPOIECH Ha

TCPMUYIHO OKHUCJICHUC, aHTHKOPO3MOHHU 6apI/IepH1/1 TIOKpHUTHUA, a,Z[COp6eHTI/I 3a YyJIaBSIHC Ha



BBIJIEPOJ], MATPUIIH 32 MTpHEeMaHe Ha (QyHKIMOHAIHYU Ipynu, neTepre’tu u ap. [IpenocraBenu
ca MpUMEpHU 3a MPUIAraHe Ha 3€0JUT OT JIETJIMBA IENel OT BBIVIMILA 3a 3aMECTBAHE Ha

KPUTUYHU CYpPOBUHHU HA IIPAKTHKA.

17. Dimitrov, O., Stambolova, I., Vassilev, S., Lazarova, K., Babeva, T. Morphological
features and optical properties of nanosized ZrO> films prepared by sol-gel spin coating.
Journal of Physics Conference Series, 1492, 012024, 2020.

Abstract. Homogeneous thin ZrO> films were prepared by spin coating. The X-ray diffraction
(XRD) analysis revealed the presence of a mixture of monoclinic and tetragonal ZrO:
polycrystalline phases with nanosized crystallites. The samples were smooth and crack-free
with a ganglia-like microstructure and had transmittance of about 80 % in the UV-visible range.
We established that adding polyethylene glycol (PEG) to the precursor affects the phase
composition, morphology and optical properties of the films. The photoluminescence (PL)
spectra of the samples revealed a broad violet emission. Some of the PEG-modified films
exhibited about twice as intense PL emission as the non-modified films. Their emission bands

were more complex, consisting of several additional peaks after deconvolution.

Ab6cTpakT. XoMOoreHHH ThHKH (huimu oT ZrO2 ca mosrydeHu upe3 MeTojia Ha EHTPOY>KHOTO
HaHacsHe. AHaMU3bBT ¢ peHTreHoBa aAudpakius (XRD) paskpuBa Halnu4yMeTo Ha CMeC OT
MOHOKJIMHHU M TeTparoHagHu ZrOz MOJIMKPUCTATHH a3y ¢ HaHOpa3MEpHU KPUCTAIUTH.
OObpasuure ca rmaaku U 0e3 MyKHaATHHH C MUKPOCTPYKTYypa, M0JI00HAa Ha TaHIJIMM, U UMaT
Koe(uUueHT Ha mnpomyckaHe oT okoio 80 % B UV-Bunumus nuana3oH. YCTaHOBEHO €, ue
nob6asstHero Ha nonueTtuieH riukon (IIED) xbM mpekypcopa Biusie BbpXy (a3oBHs ChCTaB,
MOp(}OJIOTUsTa M ONTUYHKTE CBOWCTBA Ha (hunmute. CriekTpute Ha poTonymunecueHus (DJT)
Ha TpoOuTe pa3KpuUBaT IIMPOKA HBHIIA Ha BHUOJETOBO wu3nbuyBaHe. Hskoum ot IIEI-
MoaupuuMpanuTe (GUIMU TOKa3BaT OKOJO JBa MbTH No-uHTeH3uBHa @DJI emucus or
Hemoauduuupanute GuaMu. TeXHUTe eMUCHOHHU MBUIM Ca MO-CI0KHU U CHCTOSIIHU CE OT

HAKOJIKO AOIIBJIHUTCIIHU ITHKa CJIC ACKOHBOJIIOI .

18. Lazarova, K., Boycheva, S., Vasileva, M., Zgureva, D., Georgieva, B., Babeva, T.
Acetone-sensitive thin films comprising coal fly ash Na-X zeolites and sol-gel Nb2Os
matrix. Nanomaterials (MDPI), 11(9), 2399, 2021.



Abstract.In this study, thin composite films of a sol-gel Nb.Os matrix doped with coal fly ash
Na-X zeolites were deposited by the spin-coating method. Fly ash of lignite coal collected from
the electrostatic precipitators of one of the biggest TPPs in Bulgaria was used as a raw material
for obtaining zeolites. Zeolite Na-X was synthesized by ultrasonic-assisted double stage fusion-
hydrothermal alkaline conversion of coal fly ash. In order to improve the optical quality and
sensing properties of the deposited thin films, synthesized zeolites were wet-milled for 60, 120,
and 540 s prior to film deposition. The surface morphology of zeolite powders was studied both
by scanning electron microscopy and transmission electron microscopy, while their porosity
was investigated by N2-physisorption. Refractive index, extinction coefficient, and thickness of
the films were determined through fitting of their reflectance spectra. The sensing ability of thin
films towards acetone vapors was tested by measuring the reflectance spectra prior to and
during exposure to the analyte, and the change in the reflection coefficient AR of the films was
calculated. The influence of milling time of zeolites on the sensing and optical properties of the

films was assumed and confirmed.

AbcTpakT. B TOBa M3ciieiBaHe ca OTI0KEHU THHKM KOMIO3UTHHU (PUIIMU OT 30JI-Te€ll MaTpUlla
ot Nb2Os, motupana ¢ Na-X 3e0auTH OT JeTAIla BBIVIMIIHA I[EMel, Ype3 MeToaa Ha
neHTpodyxnoro HanacsiHe. Karo cypoBuHa 3a mMmoilydyaBaHe Ha 3€OJUTHUTE € H3IOJI3BaHA
JIeTsIIA MeTes OT JIMTHUTHHU BBIVINIIA, ChbOpaHa OT el1eKTpOo(UITPUTE Ha €HA OT Hall-TOJIEMHTE
TELL B bbarapus. 3eonut Na-X e cuHTe3MpaH 4ype3 MOANOMOTHATO OT YATPa3BYK JBYETAITHO
CHHTE3-XUPOTEPMAITHO AJIKAJTHO peoOpa3yBaHe Ha MemneliTa OT BbIIMIIA. 3a Jia ce MOoJ00pAT
ONTUYHOTO KAYECTBO M CEH30PHUTE CBOMCTBA HA OTJIOXKEHUTE ThHKU (UIMU, CHHTE3UPAHUTE
3€0JIUTU ca CMEJIEHH upe3 MOKbp Merosn 3a 60, 120 u 540 cex npeau otinaraHero Ha ¢uiama.
[ToBbpXxHOCTHaTa MOP(HOJIOTUS Ha 3€OJUTHUTE MPaxoBe € U3CIe/IBaHa KaKTO Ype3 CKaHMpalla
€JIEKTPOHHA MMKPOCKOIIMS, TaKa M Ype3 TPAHCMUCHUOHHA €JIEKTPOHHA MUKPOCKOIHUS, JOKATO
MOPbO3HOCTTa UM € u3cieaBaHa upe3 Na-¢puszuocopbuus. [lokazarensT Ha mnpeuynBaHe,
Koe(UUMEeHTHT Ha MOTJbIlaHe U AeOenrHaTa Ha (GUIMHUTE ca ONpPENETIeHH Ype3 MEeToJa Ha
HEJTMHENHO MUHHUMM3MpaHE Ha pa3liuKaTa MEeXAy H3MEpPEeHM M M3YUCICHH KpUBH Ha
orpaxkeHre. CeH30pHUTE CBOWMCTBA HAa THHKUTE (PMJIMU KbM allETOHOBHUTE Napu ca TECTBAHU
4ype3 U3MEPBAHE Ha CIEKTPUTE Ha OTPAaXEHHUE MPEIN U 110 BPEME Ha M3JIaraHe Ha aHaJuTa U €
M3UYHUCIIeHa TpoMsiHaTa B KoeduiueHTa Ha oTpaxkeHue AR Ha ¢unmwure. Ilpeanonaraemoro
BJIUSIHUE HA BPEMETO 32 CMUJIAHE Ha 3€0JINTUTE BHPXY CEH30PHUTE U ONTUYHUTE CBOMCTBA Ha

(bI/IJ'IMI/ITe € IMOTBBPACHO.



19. Dimitrov, O., Stambolova, |., Babeva, T., Lazarova, K., Avdeev, G., Shipochka, M.,
Mladenova, R., Simeonova, S. High intensity orange-red emission of chemically
deposited Sm**-doped ZrO- thin films - beneficial effects of host and dopant. Journal of
Materials Research and Technology (Elsevier), 18, 3026-3034, 2022.

Abstract. Samarium doped (0.5-5 at.%) ZrO> films with high surface and optical quality were
obtained by sol-gel method using inorganic zirconium precursor. The morphology and
roughness of the samples were investigated by scanning electron microscopy (SEM) and atomic
force microscopy (AFM). A phase transition following the doping with Sm3* ions was
registered by the X-ray diffraction (XRD) method, leading to stabilization of the tetragonal
ZrO, phase. Optical parameters such as refractive index and extinction coefficient were
determined for each sample. X-ray photoelectron spectroscopy (XPS) revealed the presence of
carbon impurities as well as a shift of the valence band (VB) edge to lower binding energies
with the increase of the dopant level. The electron paramagnetic resonance (EPR) proved the
presence of oxygen vacancies and other defects (Zr**, T-centers) in the structure of the films
which prompted photoluminescence (PL) in the material. The emission spectra of the pure ZrO>
and Sm-doped samples revealed the beneficial effect of the host matrix, capable of boosting the
characteristic orange-red emission of the Sm** ions. The obtained films have very high ratio of
acceptor/donor emission intensity (la/ld=25) making them promising candidates for

applications in the field of photonics, including in the development of white LEDs.

Aoctpakr. Jlerupanu cbe camapuii (0.5-5 at.%) ZrO2 ¢puiMu ¢ BUCOKO MOBBPXHOCTHO U
ONTUYHO KAdyecTBO OsiXa MOJY4YEHHM upe3 30J-Tel METOJ C HU3MO0JI3BaHE Ha HEOpraHUueH
LUPKOHHUEB NpeKypcop. Mopdonorusara u rpanaBocTTa Ha oOpa3LUTe ca M3CIEIBAHU Upe3
CKaHMpalla eaekTpoHHa Mukpockomnus (SEM) u aromHo-cunoBa mukpockonus (AFM). Upes
MeTtoza Ha peHTreHoBa audpakuus (XRD) ce peructpupa dha3oB nmpexo ciies JIerupane ¢ HOHU
Sm**, xoeTo Boau 10 crabunusmpane Ha TerparonanHara ZrO: ¢asa. 3a Bceku obpaser ca
OTlpesieNieHd ONTHYHUTE MapaMeTpu Karo IOKa3aTel Ha MpedyylnBaHe W KOEPHUIIMEHT Ha
noribiiane. PentreHoBara ¢otoenekTpoHHa criekrpockonus (XPS) pazkpuBa HaIMuueTo Ha
BBIJICPOJIHU NIPUMECH, KAKTO U M3MECTBaHe Ha pb0a Ha BajieHTHaTa JeHTa (VB) KbM mo-HUCKH
€HEpruyM Ha CBBP3BAHE C I[IOBHUINIABAHE HA KOJIMYECTBOTO HAJONAHTA. EJIEKTpOHHUAT
napamarauTeH pe3onadc (EPR) moka3sa HanmnumeTo Ha KHUCIOPOIHU CBOOOIHU MECTa U JPYTH
nepextn (Zr**, T-ueHTpoBe) B CTPYKTypaTa Ha GHIMHTE, KOUTO MPEIAU3BHKBAT

dboronmymunectennus (OJI) B marepuana. Emucuonnute criektpu Ha yuctute ZrOz2 m Sm-



JerupaHnuTePUIMHI pa3KpUBaT OIaronpusaTHUS €EeKT Ha MaTpullaTa Ha IPUEMHHUKA, CITOCOOHA
J1a 3aCHJIM XapaKTepHaTa OpaHKeBO-4yepBeHa eMucHs Ha Houn Sm**. [Tonydenute Gpuamu umar
MHOTO BUCOKO CHOTHOIIICHHE HA HHTCH3UTETa Ha M3IIb4BaHe akienTop/aonop (Ia/Id=25), xoeto
T'Yl TIpaBH OOEIIaBaIy KaHIUJATH 32 MPUIOKECHHSI B 00JacTTa Ha ()OTOHUKATA, BKIIFOUUTEITHO

pH pazpaboTBaHETO HA OEIN CBETOANOIH.

20. Lazarova, K, Todorova, L, Christova, D, Babeva, T. Color Sensing of Humidity Using
Thin Films of Hydrophilic Cationic Copolymers. Proceedings of the International
Spring Seminar on Electronics Technology (40thISSE), 1-6, 2017.

Abstract. The possibility for color sensing of humidity at room temperature using thin films
from hydrophilic cationic block copolymers of different compositions and thickness is
demonstrated. Diblock copolymers of composition poly [(ethylene oxide)-b-(N, N-dimethyl
acrylamide)] (PEO-b-PDMAA), the PDMAA block being modified with different amounts of
quaternary ammonium groups, are synthesized via redox copolymerization in aqueous media.
Silicon wafers and Bragg stacks are used as substrates for spin-coating of thin polymers films
with thickness in the range 50-200 nm. The color change is quantified through calculation of
CIE tristimulus color coordinates using reflectance spectra of the films measured at relative
humidity (RH) of 5 % and 97 %. The influence of film thickness, substrate type and chemical
modification on the humidity sensitivity and color change of the films is demonstrated and
discussed.

AbcTpakT. [leMOHCTpHpaHa € BB3MOXHOCTTA 32 LIBETHO JETEKTHpaHE Ha BIAXKHOCT IPH
CTallHa TemmepaTypa C IOMOULITa Ha TBHKU GWIMH OT XUAPOPHIHM KAaTHOHHU OJOK
CBIIOJIMMEPU C pa3iuyeH CcbcTaB W JebOenuHa. [IMOJIOKOBM CHIIOIMMEPH CBC CHCTaB
nos[(etuner okeun)-60k-(N,N-mumernn akpunamun)] (ITEO-b-TIZIMAA), karo ITJIMAA
ONOKBT € MOIMGUIMpaH C Ppa3IMYHU KOJIMYECTBA KBAaTEPHEPHUM AaMOHHMEBM TpyIH, ca
CHHTE3MPAHW 4Ype3 PpPeAyKIIMOHHO-OKOCIHUTEIHA ChHIIOJIMMEPU3allusi BHB BOJHA Cpeja.
Cununuesu mailon u ctekoBe Ha bpar ca M3Mmoi3BaHM KaTo MOJIOKKH 32 OTJIaraHe Ha ThHKH
nonuMmepHu ¢unamu ¢ aebenuHa B auanazoHa 50-200 HM upe3 HEHTPOYNKHO HAHACSHE.
KonnyectBeHo e onpezeneHa mpoMsiHaTa Ha 1BeTta upe3 uzuucisisade Ha CIE TpuctumynHu
CTOMHOCTH Ha 1IBeTHUTE KoopauHatute (XYZ CTOHMHOCTH), KaTO ca U3MOJI3BaHU CIIEKTPUTE Ha
OTpakeHHe Ha PUIMHUTE, U3MEpPEHU Npu oTHOocuTenHa BiaxxHocT (RH) cvorBeTHO 5 % 1 97 %.

I[eMOHCTpI/IpaHO € U JUCKYTUPAHO BJIMAHHUCTO HA ,I[C6CJ'II/IHaTa Ha (bI/I.HMa, BH 4 Ha IIOAJIOXKKAaTa



1 XUMHYECKaTa MOI[I/Iq)I/IKaHI/IH BBpPXY UYBCTBUTCIIHOCTTA KbM BJIara v rmpoMsHaTa Ha IBETA HA

¢bunmuTe.



