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Superlattices and Microstructures
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Abstract. We report an experimental investigation on roomgerature synthesis of porous
metal - semiconductor plasmonic nanocomposites diygulaser deposition and annealing
with nanosecond pulses. Ag/ZnO nanostructures kfeomted by using Ag-doped ZnO
targets and the effects of silver concentration Esgér annealing on the morphology and
optical properties of the Ag/ZnO embedded nanosiras are studied. Ag-doped ZnO thin
films are deposited by pulsed laser deposition oartg substrates and subsequently laser
annealed. Homemade Ag/ZnO targets with a silveirdpponcentration of 2, 4 and 6 at.%,
prepared by ceramic technology, are exploited m fim deposition process. Then, the
influence of laser irradiation on the microstruet@nd plasmon resonance absorption of the
samples is investigated for three values of theberof laser pulses used for annealing. As
the number of laser annealing pulses increasesegmance absorption is magnified. The
net-like morphology of nanowires transforms to r@articles with increasing the silver
concentration at the fixed number of ten laser almg pulses. The composite systems show
interesting plasmonic properties, which can belg#asned by controlling the nanostructures
morphology from nanowires through nanochains tooparticles. The experimental optical
properties are in agreement with predictions ofotbical calculations showing that the
extinction efficiency of AgNPs in ZnO environmerdgks at about 490 nm.

Pe3rome. B Ta3u cratus goknazgBamMe eKCIIEPUMEHTAIHO M3CIIEIBAHE HA CHHTE3a Ha MOPECTH
METaJI-TIOJTYTIPOBOJJHUKOBH IIJIJA3MOHHU HAHOKOMITO3UTH TIpH CTallHA TeMIleparypa, upes
U3II0JI3BaHE HA METOJla Ha JIa3epHO OTJaraHe M IOCJEJBAIO OTrpsiBaHe C HAHOCEKYHIHH
ummyicu. Hanoctpykrypure ot AQ/Zn0O ca pa3paborern upe3 usnoiasBane Ha ZNO MUIIEHH,
JOTUPAaHU ChC cpebpo M ca u3cieaBaHU e(eKTUTe OT KOHIeHTpauusTa Ha cpedpoTo H
JIa3epHOTO OTIpsBaHE BBPXY MOP(OJIOTHsITa U ONTHYHKUTE CBOWCTBA Ha BrpaxeHute Ag/ZnO
HaHOCTPYKTYpH. ThHKUTE duamu oT ZnO, noTupaHu che cpedpo, ca OTIOKEHU Upe3 MeTo1a
Ha MIMITYJICHO JIa3e€pHO OTJIaraHe BHPXY KBAapIIOBH ITOJJIOKKH M BIOCIIEJCTBHE Ca OTTPSTH C
nazep. B mporeca Ha oTiiarane Ha guimMa ca U3MOJI3BaHU Ja0OPATOPHO MPUTOTBEHH MUILIECHH
or AgQ/ZNnO ¢ koHleHTpanuss Ha cpedbpoto oT 2, 4 u 6 ar.%, NpUroTBeHU IO KepamHdyHa
texHojorus. Ciell ToBa ca W3CIEABAHU BIUSHUETO HA JIA3€pPHOTO OOIBYBAHE BBHPXY
MHUKPOCTPYKTYpara ¥ IIa3MOHHOTO PE30HAHCHO IMOTJTBINaHe Ha MPOOUTE 3a TPU CTOWHOCTH
Ha Oposi Ha Na3epHUTE UMITYJICH, M3MOJ3BaHU 3a oTrpsBane. C yBennuyaBaHe Ha Opos Ha
UMITYJICUTE Ha JIa3epHOTO OTTpsIBAaHE, PE30HAHCHOTO TOTIIBIAHE ce yBelnyaBa. MpexoBara
MOp(OJIOTHST Ha HAHOMPOBOTHUIIMTE C€ TpaHCHOpPMHpA B HAHOUACTHIIM C yBEIMYaBaHE Ha



KOHI[EHTpaIUsATa Ha cpedpo mpu (ukcupaH Opoii OT JIeceT MMITyJIca Ha Ja3epHO OTrpsSIBaHE.
Kommo3uTHUTE CHCTEMU TIOKa3BaT WHTEPECHH IIJIa3MOHHH CBOMCTBA, KOMTO MOTAT JIECHO Jia
ObIaT yOpaBlsSBaHU Ype3 KOHTPOJIUpaHe Ha MOpQOJIOTUATA HA HAHOCTPYKTYpUTE OT
HAHOXXWYKH TIpe3 HAHOBEPHTH JI0 HAHOUYACTHIM. EKCIiepuMeHTaTHITE ONITUYHU CBOWCTBA ca B
ChIJIacHe ¢ MPOTHO3UTE HA TEOPETUUHHUTE MIYMCICHUS, TOKA3BAIlH, Ye TUKBHT Ha MOTIbIIaHe
Ha AgNPsB cpena va ZnOe npu oxoo 490 nm.
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Abstract. In this work, we report fabrication of highly pometal-oxide nanostructures by
pulsed laser deposition performed in air at atmesgptpressure. The attention was focused
on the structure, morphology, and composition 0®DZiiiO,, SnQ and MoQ metal oxides.
The technology applied leads to formation of nammstires composed by nanoparticles.
Additionally, a nanocomposite sample consisting wietal-oxide and noble-metal
nanoparticles was fabricated. The nanostructures pduced in view of applications as gas
sensors. Preliminary results on the gas-sensingepiies of the metal-oxide nanostructures
are reported.

Pesrome. B Tta3m pabora crobmaBame 3a MPOW3BOJCTBO HA CHITHO MTOPECTH METATOOKCHIHU
HAHOCTPYKTYPH Upe3 UMITYJICHO JIa3epHO OTJIaraHe, M3BLPIIEHO BB BB3AYX MPH aTMOCHEPHO
HajsiraHe. BHuMaHMeTo Oele HACOYEHO KBM CTPYKTypara, Mop(oJIOTHITa W ChCTaBa Ha
MetanauTe okcuau ZnO, TiQ,, SnQ u MoO;. IlpunoxeHarta TEXHOJIOTHS BOJU JIO
oOpa3zyBaHe Ha HAHOCTPYKTYPH, ChbCTaBEeHU OT HaHOYacTHIM. OCBEH TOoBa Oerre mpou3Be/ieHa
HAaHOKOMITO3UTHA MpP0o0a, CHCTOSINA C€ OT HAHOYACTUIIM OT METajieH OKCHJ U OJaropojeH
MeTan. HaHOCTPYKTypHTE ca MPOM3BEJACHH C OIJIe] Ha MPHUJIOKEHUS KAaTO T'a30BH CEH3OPH.
[IpencraBenn ca mpeaBapUTeTHH  pe3ylTaTd 3a Ta30CEeH30pPHUTE CBOWCTBA  Ha
HAaHOCTPYKTYPHTE OT METaJICH OKCHI.
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Abstract. This study is aimed at the development of intehligintegrated scheme for full
utilization of biomass for clean energy productiohhe proposed approach includes
production of activated carbon based catalystsniethanol decomposition as a source of
hydrogen, where both activated carbon and methaoold be produced from biomass. In
order to elucidate the impact of different activhtarbon characteristics on the formation of
the catalytic active phase, carbons with differéesture and surface functionality are
purposely obtained by changes in the activationptsature during the carbon preparation
and its post-synthetic treatment with nitric aditkach stones, widely available in Bulgaria
and Balkans region, are chosen as activated carpossursor. Iron, zinc and ferrite
modifications of thus obtained carbons are prepdrgdincipient wetness impregnation
technique and nitrogen physisorption, XRD, HRTEMV-Mis, FTIR, Moessbauer
spectroscopy, TPR with hydrogen and Boehm methedised for samples characterization.
It is established that the state and catalyticvagtiof the supported metal oxide particles
could be easily controlled by the procedure ofdbevated carbon preparation and this effect
strongly depends on the nature of the loaded noedde. In case of iron modifications, the
increase of the activation temperature during dmdan preparation promotes the formation
of more finely dispersed, accessible for the redstand active in methanol decomposition
magnetite particles. The dispersion and the adumégsiof the zinc oxide species in zinc
modifications are improved by the formation of dubsial amount of surface acidic groups
during the carbon pre-treatment with nitric acidheTcombination of lower temperature of
carbon activation with nitric acid pre-treatmenbmiotes the formation of highly active ferrite
nanoparticles in the binary modifications.

Pe3rome. ToBa npoydBaHe € HACOUYEHO KbM pa3pabOTBAHETO HAa MHTEJIMI€HTHA MHTErpUpaHa
cXeMa 3a IBIHO OIOJ30TBOPSBAaHE Ha OHoOMacara 3a IPOM3BOJICTBO HAa YUCTAa EHEPrusl.
IIpeuiosxeHUAT MOAXO BKIIIOYBA IPOU3BOJCTBO Ha KaTalM3aTopu Ha Oa3zaTa HA aKTHBHpaH
BBIVIEPO/] 32 pa3jaraHe Ha METAHOJI KaTO U3TOYHMK Ha BOJOPOJ, KbJIETO KAaKTO AKTUBUPAHUST
BBIJIEPOJI, TaKa M METAaHOJIBT MOIaT Ja Ce IPOM3BeXJaT OT Omomaca. 3a Ja ce M3SICHH
BIIMSIHUETO HA PA3JIMUYHUTE XapaKTEPUCTUKN HA aKTUBUPAHUS BBIJIEPOJ BHPXY 00pa3yBaHETO
Ha KaTaJUTHYHA aKTHBHA (Daza, BBIVIEPOAUTE C Pa3IMyHa TEKCTypa W (YHKIMOHATHOCT Ha
IIOBBPXHOCTTA CE€ I0Jy4aBaT IIeJIEHaCOUEHO 4pe3 IIPOMEHHU B TEMIlepaTypara Ha aKTUBUPAHE
II0 BpeMe Ha ITOJrOTOBKAaTa Ha BBIJIEPOJIa M HETOBOTO ITOCTCUHTETUYHO TPETHPAHE C a30THA
kucenuHa. Kato nmpekypcop 3a akTUBHpaH BBIVIEPO ca M30paHM KOCTHJIKMTE Ha IIPACKOBA,
MIMPOKO pa3npocTpaHeHd B beirapust u bankanckus pernon. JKene3nu, TMHKOBH U HhepuTHA
MOIU(pUKAUN Ha TakKa IIOJIy4eHUTEe BBIVIEPOAM C€ MPUTOTBAT Ype3 TeXHUKa Ha
MUMIIpETHUPAHE C HadalHa BIAXHOCT M (u3nocopOIus Ha a30T, 3a XapakTepH3WpaHe Ha
npobute ce m3nomBatr XRD, HRTEM, UV-Vis, FTIR, Moessbauemexrpockonus, TPRc
BOJIOpOJ 1 MeTo] Ha Boehm.YcranoBeHo e, 4e ChbCTOSHHETO M KaTaTUTHYHATA aKTUBHOCT Ha
HOJAbPKaHUTE YAaCTHLU METaJIeH OKCHJ MOTrar JIECHO Jia C€ KOHTPOJMpAT 4pe3 Impoleaypara
Ha TOATOTOBKA C AKTUBUPAH BBIVICPOJ M TO3H €(EeKT CHIHO 3aBHCH OT €CTECTBOTO Ha
HaTOBapeHus: MeTaseH okcua. Ilpm Momudukanmuu Ha IKeIsI30 TOBUIIABAHETO Ha
TeMIeparypaTa Ha aKTUBUpaHE IO BpeME€ Ha IOJArOTOBKaTa Ha BBIVIEPOJA HAChpYaBa
oOpazyBaHeTO Ha NO-(pUHO JAUCHEPrHpaHH, AOCTBIHH 3a pEareHTUTe W aKTUBHU MpU
pas3jaraHeTo Ha MeTaHOJa MarHeTUTHYU 4YacTuly. Jlucnepcusita 1 1OCTBIIHOCTTA HA BUJIOBETE



[IUHKOB OKCH/| B IIMHKOBH MOJIU(UKAIIMK c€ TIOJ00psIBaT Upe3 oOpa3yBaHe Ha JOMBIHUTETHO
KOJIMYECTBO MTOBBPXHOCTHU KHMCEJMHHU TPYIH MO0 BpeMe Ha IpeBapuTelHaTa o0padoTKa Ha
BBIVIEpOJa ¢ a30THA KucennmHa. KoMOMHaImsaTa OT MO-HUCKA TeMIeparypa Ha BBIJIEPOIHO
aKTHBUpaHE C TMpeJBapuTeaHa o0paboTka ¢ a30THA KHCEIMHA HachpyaBa oOpa3yBaHETO Ha
BHCOKOAKTUBHU ()ePUTHU HAHOUYACTHIIM B OMHAPHUTE MOIU(DUKAIINH.
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Abstract. This study is aimed at the development of inteliigapproach for clean energy
productionvia valorization of industrial waste by-products. Thegosed scheme is based on
the preparation of activated carbon based catalgstsiethanol decomposition as a source of
hydrogen. Peach stones from the canning industdy yproducts from low-rank coals
treatment, all of them widely available in the Balkregion, are used as activated carbon
precursors. The specific effect of carbon supporthe formation of the loaded activeRin;.
«Fe&0, (x=0; 0.2; 0.8; 1) ferrite phase are studied lyogen physisorption, XRD, HRTEM,
FTIR, Moessbauer spectroscopy, TPR with hydrogesh Bmehm method. To precise the
discussion, analogues KIT-6 silica modifications ased as reference samples. It was found
that the hosted in the activated carbon metal aantaphase represents a complex mixture of
Ni and/or Zn substituted magnetite, NiFe alloystatie Fe and ZnO. Its composition and
dispersion is controlled by the variation of théaxi ratio and the texture peculiarities of the
carbon support, the latter being easily tuned leywiaste precursor used. Thgdt; Fe&O,
modified activated carbons obtained from peach estoand coal treatment by-products
possess a significant potential for sustainablerenmental protection as cheap and effective
catalysts for hydrogen production.

Pesrome. ToBa mpoyuyBaHe € HAacCOYEHO KbM pa3pabOOTBAHETO HA MHTEIMIEHTEH IOIXOJ 3a
MIPOM3BOJICTBO HAa YHMCTAa €HEPrus 4pe3 OIOJ30TBOPSBAHE HAa CTPAHUYHUTE IMPOIYKTH OT
NpoMUlIUIeHH oTnaabiu. llpemnoxenara cxema ce OCHOBaBa Ha II0OJIy4aBaHETO Ha
KaTajau3aTopyu Ha 0a3aTa Ha akTUBHpaH BBIJIEPOJI 3a pa3jlaraHe Ha METaHOJI KaTO U3TOYHUK Ha
BoiopoJ. Karo npekypcopu Ha akTUBHpaH BBIVIEPO]] C€ M3I0JI3BAT KOCTHIIKUTE OT MPACKOBU
OT KOHCEpBHATa MPOMUIUIEHOCT ¢ CTPAaHUYHUTE NPOAYKTH OT oOpaboTkata Ha
HUCKOKAQUECTBEHH BBIJIMINA, BCHYKUA IOIUPOKO pPa3NpocTpaHeHH B ballkaHCKUSI pEruoH.
CrenupuunusaTt edekT Ha BBIIEpOJHATA TOJIOKKA BHPXY 0oOpa3yBaHETO Ha HaTOBapeHaTa
aktuBHa NiyZnxFe0O, (x=0; 0.2; 0.8; 1) deputHa ¢daza ce wu3cieaBa upe3 a3oTHA
¢mucopouus, XRD, HRTEM, FTIR, Moessbauetiekrpockonusi, TPRc¢ Bogopox u Mmetos
Ha Boehm .3a npernusupane Ha JAUCKYCHSTa Ce W3IOJ3BAT aHAJIO3W HAa MOAU(DHUKAIIMU Ha
cuwmnueB auokeus KIT-6 kato pedepentu mpodu. YcTaHOBEHO €, 4e ChIbpiKallara ce B
aKTHBHPAHUS BBIJIEPO MeTalHa (a3a mpezcTaBisaBa ciioxkHa cmec oT Ni u/umm Zn 3amecteH
maraetuT, NiFe crutaBu, metamno Feun ZnO. HeroBusT cbetaB U qucniepcus ce KOHTPOJIUPAT



OT M3MEHEHHETO Ha choTHOIIeHUEeTO Ni/ZN 1 0cOOCHOCTHTE HA TEKCTypara Ha BhIJICpOIHATA
MOJIJIOKKA, KaTo IMOCJeqHaTa ce€ HACTPOWBa JIECHO OT W3IOJI3BAHUSI OTHAJABUYEH IMPEKYpPCop.
NixZn;.xF&O, MomuduupaHuTe aKTHBHpPAHW BBIJICPOJH, IMOIYYEHH OT KOCTUJIKHTE Ha
IIpackoBa M CTPAaHUYHHUTE MPOJIYKTH OT 00paboTKaTra Ha BHIVIMING, IpUTEXKaBaT 3HAYUTENICH
MOTEHIIMA 3a YCTOMYMBO ONa3BaHe HA OKOJIHATA cCpelJa Karo eBTUHU U e(QEeKTUBHU
KaTaJnu3aTopy 3a IPOU3BOJICTBO Ha BOJIOPO.
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Abstract. This work is focused on the preparation of #M, sFe,0, mixed ferrites (M = Zn

or Cu), supported on nanoporous carbons matefi&ks.carbon supports are obtained from
various waste residues, such as peach stones fi@iganning industry and by-products from
the low rank coals pyrolysis. X-ray diffraction (KR nitrogen physisorption, high-resolution
transmission electron microscopy (HRTEM), Moessbasigectroscopy and temperature
programmed reduction (TPR) analyses as well as moesos silica with tridimensional
structure type KIT-6 silica based reference samatesused for detail characterization of the
obtained materials. It was established that thelddaon the carbon supports phase is a
complex mixture of finely dispersed ferrite, suhged magnetite, metal (Cu, Fe, FeNi alloy)
and ZnO patrticles. Their dispersion and compositiepend on the texture characteristics of
the carbon support, which could be easily contdoltyy the waste precursor used. The
existence of mesoporosity in the carbon host madrovokes the formation of more finely
dispersed and easily reducible spinel particleschvensures higher initial catalytic activity,
but fast deactivation of the catalysts. The fororatdf activated carbon mesoporosity is
facilitated by the presence of cellulose and helnicse in the biomass or the addition of
furfural to the coal tar pitch precursor. The) Ming sFe,04 modifications demonstrate higher
potential as catalysts for hydrogen productionm&thanol decomposition.

Pesrome. Tasm paborta ¢ ¢okycupana BHpxy monydaBaHeto Ha NigsgMosFeO, cMecenn
¢deputt (M = Zn wm Cu), moAIbpKaHU BBPXY HAHOIIOPECTH BBIJICPOTHH MaTEepPHAIIH.
BroriiepoauTe MOJUIOKKH € MOJIyd4aBaT OT Pa3jiMuHU OTIAIbUHU OCTATBIM, KATO KOCTUIIKU
OT MPAcCKOBU OT KOHCEpBHATa MPOMHUIIICHOCT W CTPAHUYHU MPOJIYKTH OT MHUPOJU3aTa Ha
HUCKOKAYECTBEHH BBIVIMINA. 3a MOJPOOHO OXapaKTepu3npaHe Ha MOIyYeHHUTE MaTepualu ca
u3nomsBanu PentrenoBa mudpaknus (XRD), ¢usmocopOiust Ha a30T, TPaHCMHUCHOHHA
eJIEKTPOHHA MHKPOCKOIHS ¢ BUCOKa paszzaenutenHa crocoonoct (HRTEM), mpocbayepoBa
CIIEKTPOCKOIUSI W aHAM3U ¢ mporpamupane mo temmeparypa (TPR) anammsu, kakto u
ME30ITOPeCT CHIIMIAEB JTUOKCHI ¢ Tpum3MepHa cTpyktypa tin KIT-6, karo pedepenTHa
mpoba. YcTaHOBEHO €, Ue HaToBapeHaTa BhPXY BBIJIEpOIHATA OMOpPHA (Da3a € cloKHA CMEC OT



¢uHO mucnieprupan deput, 3amecteH MarueTut, Metan (Cu, Fe, FeNemnas) u wactun ZnO.
Tsaxuara mucriepcus U ChCTaB 3aBHCAT OT XapaKTEePHUCTUKUTE Ha TEKCTypaTa Ha BBIVIEpOHATA
IIOJUIOKKA, KOSITO MOXKE JIECHO J]a C€ KOHTPOJIMPA OT U3IOJI3BaHUS IIPEKYPCOp HA OTHAIBIH.
Hanmamero Ha Me30mopy B MaTpuIiata Ha BBITIEPOJHHS TPUEMHHK ITPOBOKHAPA 00pa3yBaHETO
Ha 1Mo-(UHO IUCHEPTUpPaHU U JIECHO PeIyLUPYyeMH IIINHEIHN YacTUIH, KOETO OCUTYpSIBa I10-
BHCOKAa IbPBOHAUAJHA KAaTAIMTHYHA AaKTUBHOCT, HO OBp30 JIe3aKTHBHpaHE Ha
Karanu3aropute. OOpazyBaHETO Ha ME30IOPH OT aKTUBEH BBIJICH C€ YJECHsBA OT HAIUYUETO
Ha IIeTyJ103a U XeMHUIIeNly103a B Obnomacara uin gobaBsHeTo Ha Gypdypos KbM mpekypcopa
Ha KaMeHOBBIJIeH Katpan. Momudukammure Ha NigsZnosFeOs neMoHCTpUpaT Mo-BUCOK
HOTEHIIAJT KaTO KaTaIM3aTOPH 3a MIPOM3BOACTBO Ha BOJIOPO Upe3 pa3jiaraHe Ha METaHOII.
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Abstract. The aim of this investigation is to study the hdityi sensing properties of thin
polyimide layers at room temperature. The layeespaepared by two different techniques —
simultaneous deposition of the precursors on péagebdtating substrates and evaporation on
linearly moving substrates (layer-by-layer). Thdluence of the layer thickness on the
sensitivity to water vapour is also followed. Asnaasure of the sensitivity, the change in the
electrical resistance as a function of the relativenidity in air is used. The resistance
changes linearly in its semi-logarithmic graph, spag over 4 decades. For studying the
sensor response kinetics, the relative humiditghanged in a steplike manner, and the
electrical resistance is monitored as a functiotié. The fast response of the sensor could
be related to dominant physical adsorption. Thewvexy process requires more time because
it is not forced by heating or air flow through thessel.

Pesrome. llenta Ha ToBa HM3cieqBaHe € J]a ce U3ydaT CEH30PHUTE CBOWCTBA KbM BIIAKHOCTTA
Ha THHKH MOJMUMUTHU (UIMU Mpu cTaiiHa TemmepaTypa. ClioeBeTe ce MPUTOTBST IO JIBE
pa3IMYHU TEXHUKH — €THOBPEMEHHO OTJlaraHe Ha MpeKypcopuTe BhpXY INIaHETAPHO BHPTSIIH
ce TOJJIOKKA W W3MapsiBaHE BBPXY JIMHEHHO JBUXKEIIM C€ IOJJIOKKU (CIIOM MO CJIoW).
[IpocnensBa ce u BIMSHUETO Ha JeOeluMHATa HaA CIOSI BbPXY UYBCTBHTEIHOCTTa MY KBbM
BoaHHTE Mapu. Kato mMspka 3a 4yBCTBHUTEIHOCTTA C€ M3MOJ3Ba MPOMSIHATA B €IEKTPUUECKOTO
CBIIPOTUBJICHUE KaTo (DYHKIHSI HA OTHOCHUTEIHATA BIAXKHOCT Ha BB3Iyxa. ChIPOTHBICHHETO
ce MPOMEHsI TMHEIHO B JIOTapUTMUYHA CcKalla, oOXBalaria Haj 4 mopsabka. 3a u3cjeiBane Ha
KMHETHKaTa Ha peakiusiTa Ha CeH30pa OTHOCHUTEIHATA BIAXKHOCT C€ MPOMEHSI CTHIIAIOBUIHO
U eJIEKTPUUYECKOTO CHIIPOTHBIICHUE CE€ CJIeU KaTo GYHKIHS Ha BpeMeTo. bbp3usT oTroBop Ha
CeH30pa MOXe Ja ObJie CBBp3aH C JIOMHHHUpama ¢uzndecka aacopoums. llpomecht Ha
BB3CTAHOBSIBAHE W3HCKBa IOBEYE BpeMe, Thil Karo He ce ¢opcupa OT HarpsBaHe WU
BB3JIyIIIEH IOTOK IIpe3 Kamepara.
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7. Investigation of humidity sensors based on Sn-Qe films by impedance
spectroscopy

B. C. Georgieva, Z. P.Nenov3 I. L. PodoleshevalJ. T. Pirov, T. G. Neno¢
Yinstitute of Optical Materials and Technologies & J. Malinovski”, Bulgarian Academy of Sciencasad.
G.Bonchev Str., bl.109, 1113 Sofia, Bulgaria
“Technical University of Gabrovo, 4 H. Dimitar S8300 Gabrovo, Bulgaria
Abstract. Thin Sn-O-Te films with a thickness of 60 nm haveen deposited by co-
evaporation of Sn and TeOon alumina substrates with interdigitated silvatlgulium
electrodes. During the co-evaporation a chemicattren between the two substances takes

place, resulting in the formation of a Sn-oxide mxaand finely dispersed phases of Te, Sn,
TeO, or SnTe, depending on the atomic ratio of Sn tqR#®/r9. To study the morphology



and structure as well as to determine the atontic Ry Of the films, electron microscopy
techniques (TEM, SAED) and analytical methods (EDSSEM) have been applied. The
electrical properties of the sensors studied haen lnvestigated in the frequency range of 20
Hz — 5 MHz using a Precision Impedance Analyzere measurements have been taken on
samples placed in a controlled humidity and tenmtpeegachamber. The characteristics of the
resistancdR, capacitanc€, impedance and phas® as functions of relative humidifgH%,

the frequency dependences Rf C, z and O, the Nyquist plots and equivalent electrical
circuits of the sensors have been obtained. As@treéhe relation between the type of water
adsorption, impedance spectra and the propertietheffilms as humidity sensors are
presented in this paper.

Pe3rome. Toruku Sn-O-Te ¢punmu ¢ nebemmna 60 NM ca OTIIOKEHH 4Ype3 CHBMECTHO
m3napenne Ha Snu TeQ, Bopxy Al,O3 MOMTOKKKA ¢ UHTErpUpaHd CpeOBPHO-MATaTHCBH
enektpoau. [lo Bpeme Ha CHBMECTHOTO HM3MAapeHUE MPOTHYA XUMUYECKA PEaKIUS MEXKIY
JIBETE€ BEIEeCTBA, KOSTO BOJAM 10 o0Opa3yBaHEeTO Ha SN-OKCHIHA Marpuna W (QUHO
nucneprupanu ¢pazu Ha Te, Sn, Te@umu SnTeB 3aBUCUMOCT OT aTOMHOTO CHOTHOIIIEHUE HA
SnkeM Te (Rsn/te). 3a usciensane Ha MOp(HOJIOTHATA U CTPYKTypara, KaKTo U 3a ONpe/IeisiHe
Ha aTOMHOTO ChOTHOIIeHHE Rgsnre HA QuIMUTE, ca MPUIOKEHN TPAHCMHCHOHHA €JIEKTPOHHA
MHUKPOCKOIIHSI, eJeKTpoHHa audpakims ot uzdbpana obmact (TEM, SAED) u anamutuaHu
Metoau (EDSB SEM). EnekTpudeckuTte CBOWCTBA HA CEH30PHUTE Ca U3CJICIBAHU B YECTOTHUS
muanazon or 20 Hz — 5 MHz ¢ momomra Ha mpernu3eH WMIEAaHCEH aHAIM3aTop.
N3mepBanusTa ca HalpaBeHU BHPXY MPOOH, TOCTABEHU B KaMepa ¢ KOHTPOJIUPAHA BIAXKHOCT
u temneparypa. llomyuenn ca xapakTepucTHKHTEe Ha chlpoTuBieHHeTo R, kamanurtera C,
uMmIenanca Z U ¢asara O kato (QYHKIIMU Ha OTHOCHUTEIHATa BIaXHOCT RH%, yectoTHHTE
3apucuMocTd Ha R, C, zu O, rpadpukure Ha HallkyncT W eKBHBAJICHTHHUTE €JICKTPHUCCKU
BEpPHUTH Ha CeH30puTe. B pe3ynaTar Ha TOBa B Ta3W CTaTUs € MpeACcTaBeHa Bpb3KaTa MEXIY
BUJla HAa BOJHATa aicOpOIHs, MMIICJaHCHUTE CIEKTPH M CBOMCTBaTa Ha (UIMHTE Karo
CEH30pH 3a BIAYKHOCT.

Journal of Physics: Conference Series

8. Preparation and characterization of mesoporous bbOs films for sensing
applications

K Lazarova, B Georgieva, M Spasova and T Babeva

Institute of Optical Materials and Technologies &c J. Malinowski”, Bulgarian Academy of Sciencasad.
G. Bonchev str., bl. 109, 1113 Sofia, Bulgaria

Abstract. The possibility of combining sol-gel synthesighmmolecular self-assembly and
phase separation is explored to produceydilms with tailored pore structures at the
nanometer scale. Thin BDs film are fabricated by spin coating of a Nb soégared by
sonocatalytic method using NGind ethanol mixed with structure directing agentdhic

PE 6800 in different concentrations which acts asupra molecular pore template. Post
deposition treatment is applied for film consolidat and pore formation. Surface
morphology and structure of the films are studigdlbansmission Electron Microscopy and
Selected Area Electron Diffraction. The optical pedies (refractive index and extinction
coefficient) along with the thickness of the fillaee determined from reflectance spectra of
films deposited on silicon substrates. The ovepaliosity of the films and the amount of
adsorbed acetone vapors are quantified by meandrofgeman effective medium
approximation using already determined optical tamts. The sensing properties of the
samples are studied by measuring reflectance sppdtr to and after exposure to acetone
vapors with controlled concentrations. Furthermaitee potential of using the studied



mesoporous Ni®s films for chemical sensing with optical read-ost demonstrated and
discussed.

Pestome. [IpoyueHa e BB3MOKHOCTTA 3a KOMOMHHpAHE Ha 30JI-Te]l CHHTE3 C METO/a Ha
MOJIEKYJIHA caMOOpraHu3anus u pasjensHe Ha (dasute, 3a ga ce noiaydar Nb,Os dpuimu cbe
crenupUYHE CTPYKTYpU HaA MOpHUTE B HaHOMeTpuyHarta ckaima. TwhHKHAT NDOs duam ce
npou3Bexia upe3 rnenrpodyrupane Ha Nb 3011, mosrydeH 1o COHOKaTaTUTHYEH METO/I, KaTo ce
u3noma NbCls u eranon, cmecenu ¢ Hacousal crpykrypara areHt Pluronic PE 680G
pa3UYHU  KOHIICHTpAIlMM, KOWTO JeiicTBa Karo HaJMOJICKYJCH MIa0JIOH 3a TOpH.
O6paboTkata cieJ; OTJiaraHe ce Mmpuiara 3a KOHCOJMHIMpaHe Ha ¢uiMa u oOpasyBaHe Ha
nopu. IloBbpxHOCTHATa MOPQOIOTHS W CTPYKTypa Ha (UIMHTE ce Hu3Cie[BaT dYpe3
TPAaHCMHCHOHHA €JIEKTPOHHA MHKDPOCKONHS M €JIeKTpOHHA Judpaxims oT u3bpaHa o61acT.
OnrtuvHuTe CBOWCTBA (IOKa3aTes Ha MpedyylnBaHe W KOSPUIMEHT HA CKCTUHKIIHS) 3aeIHO C
nebenuHara Ha (PUIMHUTE ce ONMpEAesSAT OT CIEKTPUTE Ha OTpakeHHe Ha (MMM, OTIOKEHH
BBPXY CHJIHMIIMEBH cyOcTpatr. OOImmara mMOphO3HOCT Ha (UIMHTE W KOJMYECTBOTO Ha
ancopOUpaHnTe AaleTOHOBH MApH C€ ONPEACNAT KOJIMYECTBEHO 4Ype3 IMPHOIIKCHHEe Ha
epekTHBHATa cpefa Ha Bruggeman,kaTo ce H3MON3BAT BeYe OINPEICICHUTE ONTHYHU
KOHCTaHTH. UyBCTBHUTETHHMTE CBOMCTBA Ha MPOOMTE ce H3CIEABAT Ype3 HM3MEpBaHE Ha
CIIEKTPUTE HA OTPAXEHHE TpPEeJU W CJIe]] W3JaraHe Ha alleTOHOBH Maph C KOHTPOJIUpPAHU
KoHIeHTpanuu. OCBEH TOBa € JEMOHCTPHPAH W OOCHKIaH MOTCHIHAIBT 3a M3MOJI3BaHEe Ha
uscieBanute mesonopectd ND,Os GpuaMu kaTo XUMHUYIECKH CEH30PH C ONTHYEH OTTOBOP.

Journal of Physics: Conf. Series

9. Triblock copolymer micelles as templates for pnearation of mesoporous niobia thin
films

R Georgiev, D Christova, L Todorova, B Georgievayhkileva, Ch Novakov and T Babeva

'Acad. J. Malinowski Institute of Optical Materiaad Technologies, Bulgarian Academy of SciencesdAG.
Bonchev Str., Bl. 109, 1113 Sofia, Bulgaria

?|nstitute of Polymers, Bulgarian Academy of Sciexokcad. G. Bonchev Str., Bl. 103-A, 1113 Sofialdauia

Abstract. The micelle formation of commercially availableuRIinic PE 6800 (PEO-PPO-
PEO triblock copolymer) was studied by means ofya dolubilization method, and the
solubility of 1,6-diphenyl-1,3,5-hexatriene in aque solutions of the copolymer with
concentrations ranging from 0.05 to 20 % w/v wasligtd by recording the transmission and
emission spectra of the solutions using UV-VIS gplibtoluminescence spectroscopy,
respectively. Further, mesoporous -8 films using PE 6800 micelles templates were
obtained through sol-gel using spin-coating; th@irphology, structure and optical properties
were studied by TEM, SAED and nonlinear fittingreflectance measurements. The possible
application of the films in optical sensing of vapavas demonstrated and discussed.

Pe3rome. OOpa3zyBaHeTO Ha MHIENU OT HAIWYHUS B ThproBckara mpexa Pluronic PE 6800
(PEO-PPO-PEQ@pu610K chitomMep) Oelrie u3ciaeBaHo ¢ MOMOINTA Ha METOJ 3a pa3TBapsHe
Ha OarpuioTo M pa3TBopuMoctTa Ha 1,6-1ndenun-1,3,5xekcarprer BbB BOJHU Pa3TBOPH Ha
ChIIONIUMEDP ¢ KOHIeHTpanuu B auanasona ot 0,05 mo 20 % w/v Gerre m3cienBaHa ypes
3allMCBaHe Ha CIIEKTPHUTE Ha MPOITyCKaHE W M3JIbUYBAHE HA Pa3TBOPHUTE C MOMOIITa ChOTBETHO
Ha UV-VIS u dororymuHecieHTHa criekTpockonus. OCBEH TOBa, ca MOJIyYeHH ME30IOPECTH
Nb,Os ¢dunamu, wsnomspam PEG6800 mwuienoBu miabioHW, dpe3 MeToaa  30J-Tel,
U3M0JI3BAiKKA MeTO/Ia Ha SPin-coating;rsaxuara MopQoIIorusi, CTpyKTypa ¥ ONTHYHU CBOMCTBA
ca m3cnenBanu upe3 TEM, SAED wu nHenwHeitHo HamacBaHe Ha W3MEpBaHHATA Ha



OTPAKCHUCTO. I[eMOHCTpI/IpaHa n O6C’[>,Z[€Ha € BB3MOXKHOCTTA 3a NPHUJIOKCHUC Ha (I)I/IJ'IMI/ITG
KaToO OIITUYCH CCH30PCH CJIICMCHT 34 OpraHu4HU I1apu.

Optics and Quantum Electronics (2018) 50: 156

10. Generating porosity in metal oxides thin filmghrough introduction of polymer
micelles

R. GeorgieV, D. Christov4, L. Todorovd, B. Georgievg M. Vasilevd, T. Babeva

! Institute of Optical Materials and Technologiedcademician Jordan Malinowski”, Bulgarian Acadewiy
Sciences, Acad. G. Bonchev Str., Bl. 109, 11135 &iulgaria

2 Institute of Polymers, Bulgarian Academy of SciesicAcad. G. Bonchev Str. bl. 103-A, 1113 SofialgBria

Abstract. The generation of porosity in MBs sol—gel films through introduction of polymer
micelles of commercially available copolymer PIUmREG6800 [poly(ethylene glycol)-block-
poly(propylene glycol)-block-poly(ethylene glycolas studied using direct observation of
film morphology by Transmission Electron Microscopynd indirect calculations of free
volume fraction by optical means. Mesoporous®ifilms were deposited by the sol-gel
and spin-coating methods and templated with aqueolgions of Pluronic PE6800 with
concentrations below and above critical micellecsortration determined by the modified dye
solubilization method. The influence of the duratmf the postdeposition annealing on total
pore volumes was investigated by reflectance measemts and consequent calculation of
optical properties and free volume fraction by Ryepan effective medium theory. The
possible application of the films in optical semsof vapors has been demonstrated through
reflectance measurements prior to and after acetapears exposure.

Pesrome. I'enepupanero Ha mopu B Nb,Os 3071-renn ¢punmu Gerre mpoydeHo upe3 BbBEKIAHE
Ha IMOJIMMEPHU MHIENIM Ha HaJMYHHS B ThProBckaTa Mmpexa cbmnoimmMep Pluronic PE6800
[momu(eTriteHTIHKOM) — OJI0K - MoK (TIPONUICHTIIMKOI) - OJOK-TIOJIH(ETHICHTINKOM)] upes
JMPEeKTHO HaOIIoJeHHe Ha Mopdoorusrta Ha (uiMa IMOCPEACTBOM TPaHCMHCHOHHA
€JIEKTPOHHA MUKPOCKOIIUS U MHIMPEKTHA U3YHCIICHHS Ha CBOOOIHATA 00eMHa (pakius upe3
ontuvHu cpezacTBa. Mesonopectute NIb,Os dunmu ce oTiioxkenu upe3 MeToAuTe Ha 30J-Tel U
spin-coatinga ce mabmonupar ¢ BoaHu pa3tBopu Ha Pluronic PE680@ xoHmeHnTpanuu moa u
HaJl KpUTHYHATA KOHIICHTpAIIUs HA MHUIIEI000pa3yBaHe, ompeseieHa upe3 MOAU(UIIHPAHUS
METOJI 3a Pa3TBOPUMOCT Ha OarpwiioTo. BiMsHUETO HA MPOIBIDKATETHOCTTA HA OTTpsSBaHE
cliell OoTiiaraHe BbpXy oOmmTe 00eMH Ha MOpuTe Oellle H3CICIBAHO 4Ype3 H3MEpBaHe Ha
OTPaXCHUETO U IOCIEBAIO M3YUCIIABAaHE HAa ONTHYHHTE CBOWCTBA M CBOOOJHATA OOEMHA
¢paxuus ot TeopusnTa 3a edexTrBHATA cpeaa Ha Bruggeman/lemoHcTprUpaHo € Bh3MOKHOTO
NPUIOKEHNE Ha (PUIMHUTE KaTO ONTUYEH CEH30p 3a Mapy Ype3 U3MEPBAHUS HA OTPAKECHHUETO
HpeU U CJIe]l U3JIaraHe Ha alleTOHOBH Mapu.

PROCEEDINGS OF SPIE

11. Organic framework engineering in mesoporous Ni®s thin films used as an active
medium for organic vapors sensing

R. Georgiev?, D. Christovd, B. Georgiev3 T. Babeva

4nstitute of Optical Materials and Technologies)dauian Academy of Sciences, Acad. G. Bonchev sr.,
109, 1113 Sofia, Bulgaria.

PInstitute of Polymers, Bulgarian Academy of Sciemokcad. G. Bonchev str., bl. 103-A, 1113 Sofialgaia



Abstract. In the current study triblock copolymers (Plur@)icconsisting of central
poly(propylene oxide) (PPO) block flanked by twolygethylene oxide) (PEO) chains are
used as organic templates for generating mesopprsithin Nb205 films. In order to
optimize the polymer framework within the Nb205nf8, two copolymers with different
chemical compositions and properties are used, lyateronic PE 6200 and PE 9400. The
copolymers’ micelle formation is studied by Dynaniight Scattering (DLS) measurements
of the copolymer aqueous solutions at different geratures and concentrations and by
Transmission Electron Microscopy (TEM). Thin filnd mesoporous Ni®Os films are
deposited by sol-gel and spin-coating methods ahdracterized by TEM, UV-VIS
reflectance spectroscopy and non-linear fitting émtical properties determination. The
porosity of the films is calculated using effectivedium approach on the basis of dispersion
curves of the calculated refractive indices. Theetltgoment of porosity in the films is studied
as a function of the duration of the annealing. iBes the sensing properties of
mesostructured films are tested with vapors of ametas a probe molecule of VOC's
(Volatile Organic Compounds) by reflectance meas@r@s prior to and after exposure to
vapors. The films optical response is demonstrated possible application as optical
indicator for VOC'’s is discussed.

Pesrome. B HacTosImoTO H3Cle[BaHe ca HW3MOJ3BaHU TpHOJIOK chmoaumepu (Pluronics),
CBCTOSIM ce OT IeHTpalieH Ojok oT mnosu(npormmieHokeua) (PPO), sarpagen ot jaBe
nosu(etmnenokcuaan) (PEQO) Bepurw, Kato oOpraHWyHHM IIa0JIOHM 3a TeHepHpaHe Ha
Mme3onopu B ThHKH NID,Os dumu. 3a 1a ce onTuMHU3Upa MOJMMEpPHATa paMKa BB (DUIIMUTE
Nb,Os, ce u3mos3BaT JiBa ChIOIMMEpPA C Pa3inYeH XUMHYEH ChCTaB M CBOMCTBA, @ HMEHHO
Pluronic PE 620@ PE 9400 00pa3yBaHeTo Ha MUIIENIX Ha CHIIOJIMMEPUTE CEe M3CIICBA UPEe3
HU3MEPBaHUs Ha JUHAMHYHO pa3ceiiBaHe Ha cBeTyinHaTa (DLS) Ha BOAHHS CHIOJUMED IMPH
pa3IUYHU TeMIepaTypy U KOHIICHTPAIIMU U Ype3 TPAaHCMUCHUOHHA €IeKTPOHHA MUKPOCKOIIHS
(TEM). Twakute pummu ot Mezomopectd Nb,Os ¢husimu ce oTinarat 4pe3 METOAMTE 30J1-Tel U
spin-coatingu ce oxapakrepusupatr ¢ TEM, UV-VIS cnekrpockonus Ha OTpaXeHUE WU
HEJIMHEIHO TIPUCTIOCOOsIBaHEe 3a OIpe/essiHe Ha ONTHYHU cBoiicTBa. llopmcroctra Ha
¢uIMHUTEe ce W3YNCIABA, KaTO C€ M3MO0JI3Ba MOJAXOJ] 3a epeKTHBHA cpela Ha OazaTa Ha
JICTIEPCHOHHH KPUBH Ha W3YMCICHUTE IOKa3aTelW Ha IpedynBaHe. Pa3BuTmeTro Ha
MOPUCTOCT BHB (PUIMHTE Ce M3Cclie[Ba KaTo (QYHKIUS OT MPOABKUTETHOCTTA Ha OTIPSIBAHE.
OcBeH TOBa, CEH30pHUTE CBOIMCTBA HA ME30CTPYKTYpHUpaHUTE (QUIMHU Ce TECTBAT C IMapH Ha
arterod kato JIOC (eTMBH OpraHUYHU CHEIUHCHHUS) Ype3 U3MEPBaHUS HA OTPAKCHHETO
Iper W Ciie]] W3Jlarane Ha napu. J[eMOHCTpHpaH € ONTHYHHUSAT OTrOBOp Ha (QUIMHTE H €
00CBHJIEHO BB3MOXKHOTO MPHIIOKEHUE KaTo onThuueH uHaukarop 3a JIOC.

Advances in Condensed Matter Physics
12. Optical Properties of Sol-Gel NkOs Films with Tunable
Porosity for Sensing Applications
Rosen Georgiev, Biliana Georgieva, Marina Vasil®etar lvanov, and Tsvetanka Babeva

Institute of Optical Materials and Technologies &c J. Malinowski”, Bulgarian Academy of Sciencasad.
G. Bonchev Street, Block 109, 1113 Sofia, Bulgaria

Abstract. Thin Nk,Os films with tunable porosity are deposited by thel-gel and
evaporation induced self-assembly methods usingnicgtemplate Pluronic PE6100 with
different molar fractions with respect to NQised as a precursor for synthesis of Nb sol.
Surface morphology and structure of the films atedied by Transmission Electron
Microscopy and Selected Area Electron Diffractidhe optical characterization of the films



is carried out through reflectance spectra measemésnof the films deposited on silicon
substrates and theoretical modeling in order taiokiefractive index, extinction coefficient,
and thickness of the films.The overall porositytbé films and the amount of adsorbed
acetone vapors in the pores are quantified by mednBruggeman effective medium
approximation using already determined optical tamts.Thesensing properties of the
samples are studied by measuring both the refleetagspectra and room-temperature
photoluminescence spectra prior to and after expoda acetone vapors and liquid,
respectively. The potential of using the studiedsoperous NEOs films for chemooptical
sensing is demonstrated and discussed.

Pesrome. Traku Nb,Os Gpuimu ¢ perymupyemMa MOPUCTOCT ¢a OTIOXKEHH Ype3 METOIUTE 30J1-
reJ ¥ caMOOpraHW3WpaHe 4pe3 M3MapeHue, KaTo ce M3MoJ3Ba opraHmyeH mabion Pluronic
PE6100c pa3iuunu Monapuu ¢pakiuu o otaommerue Ha NbCls, u3mossBan kato mpexypcop
3a cuHTe3 Ha Nb 301 IloBbpxHOCTHata MopdoJorus W CTPyKTypa Ha (uUIMHUTE ca
M3CJIeIBaHN Ype3 TPAHCMUCHOHHA €JIeKTPOHHA MUKPOCKONHS M €JIeKTPOHHA TU(PPAKIUs OT
n3bpana obnact. OnNTUYHATA XapaKTEPUCTUKA Ce W3BBPINBA Ype3 U3MEpPBAaHUS HA CIEKTPUTE
Ha OTpaXeHHWe Ha QWIMHTE, OTJIOXKECHH BBPXY CHIIMIUEBH CYOCTpaTH M TEOPETHIHO
MOJIeJIpane, 3a Jla ce M3YMCIAT IMOKazaresl Ha MpevyylnBaHe, Koe()UIMEeHT Ha eKCTUHKIUS U
nebenmuHa Ha QruumvuTe. OOmMaTa MOPUCTOCT Ha (PUIMHTE W KOJIHYECTBOTO aJCOPOUpaHH
alleTOHOBUTE TMapy B TOPUTE C€ OMNpPEeNAT KOJIWYECTBEHO upe3 MNpHOJMKEeHHe Ha
epexTHBHAaTa cpena Ha Bruggeman, kato ce W3MoN3BAaT Bede OINPEACICHH ONTHYHH
KoHcTaHTH. CBOWCTBaTa Ha CEH30pHUTE HA IMPOOUTE ce M3CcIe/IBaT Ype3 M3MEepBaHe KaKTO Ha
CIEKTpUTE Ha OTpaKeHHWEe, Taka W Ha (POTOIYMHHECICHTHHTE CIEKTPH TIpU cTaifHa
TeMmIeparypa, ChOTBETHO MpeId M CleJ] H3JlaraHe Ha aleTOHOBM Napd M TEYHOCT.
JleMOHCTpHpaH U JUCKYTUPaH € MOTEHIINATBT 3a U3I0JI3BaHe HA W3CIICIBAHUTE ME30IIOPECTH
Nb,Os puimu 3a XUMUYEH OTITUYEH CEH30D.

Photonics
13. Optical Detection of VOC Vapors Using NEOs Bragg Stack in Transmission Mode

Rosen Georgiev*, Yoana Chorbadzhiyska, Venelin ®#gBiliana Georgieva and Tsvetanka
Babeva

Institute of Optical Materials and Technologies &&ic J. Malinowski”, Bulgarian Academy of Scienc&kad.
G. Bonchev str., bl. 109, 1113 Sofia, Bulgaria

Abstract. In this study, an emphasis is put on vapor-semsiivagg stacks as an important
class of optical sensors. All-niobia Bragg staclerevdeposited by spin-coating of sol-gel
Nb,Os thin films alternated with mesoporous layers afteper design through optimization
of operating wavelength and number of layers in dtaek. Mesoporous NOs films with
different morphology and identical structure webtéatned using organic templates (Pluronics
PE6200 and PE6800) and subsequent annealing. Tittarete measurements were
performed as a detection method that offers tedgncdl simplicity and accuracy. It was
demonstrated that stacks including PE6200 templabed exhibit higher sensitivity than
stacks templated with PE6800. It was assumed anfiedeby computer-aided modelling of
experimental data that mesoporous films prepardd addition of PE6200, although less
porous, were more stable compared to those tendplsithn PE6800, and did not collapse
during the thermal treatment of the stacks. Funtoee, the reproducibility of optical
response was studied by sorption and desorptiole<yd acetone vapors. The suitability of
all-niobia Bragg stacks for optical sensing of VO&ss discussed.



Pe3rome. B ToBa mpoyuBaHe aKIEHTHT € MOCTaBEH BbPXY UYBCTBUTEIHHTE Ha mapa Bragg
CTEKOBe KaTo BakeH kiac ontudHu ceH3zopu. Ctexosere ot All-niobia Braggosixa oTimoxeHu
4pe3 HeHTpodyrupane Ha ThHKH puimu ot 3om-rent ND,Os, peyBaHu ¢ Me30IOpecTy ClIoeBe
CJIe]] TTOIXOJIAIN AU3alfH Ype3 ONTHMHU3HpaHe Ha padoTHATa TBJDKWHA HAa BBJIHATA U Opos Ha
cioeBete B creka. Mesomopectn Nbp,Os ¢uiamu ¢ pasznmmyna mopdosoruss u upeHTHYHA
CTpYKTypa Osixa MOJy4eHH ¢ momolnra Ha opranwudu mabaonu (Pluronics PE6200a
PE6800)u mocnenBamo otrpsiBaHe. V3mepBaHusATa Ha MPOMYCKIMBOCTTA OsIXa MU3BBPIICHH
KaTo METOJ 3a OTKpHBaHe, KOWTO Ipeliara TEXHOJOTMYHAa TPOCTOTa W TOYHOCT. berre
JIEeMOHCTPUPAHO, Ye cTekoBe, BKIouBamu PEG6200mabionan Gpuimu, mokaspar 1mo-BUCOKa
YyBCTBUTEITHOCT OT cTekoBe, mmadmorupann ¢ PE6800.IIpennonara ce u e mpoBepeHo upe3
KOMIIIOTBPHO MOJIEJIUpaHe Ha eKCIepUMEHTAJIHM JaHHM, Y€ Me30oIopecTuTe (HIMH,
noy4deHu ¢ nobassine Ha PE6200Makap 1 mo-mMaako MopecTH, ca Mo-CTa0UITHU B CpaBHEHHUE
¢ te3u, madnonupann ¢ PE6800,u He ce cBMBaT Mo Bpeme Ha TepMUYHATa 0OpaboTKa Ha
ctekoBeTe. OCBEH TOBa, BBH3IMPOM3BOIMMOCTTA Ha ONTHYHUS OTTOBOP Oele m3cienBaHa upes3
LUKJIM Ha copOIus U aecopOuus Ha aneTroHoBH napu. OOcpieHa Oelle IPUrOJHOCTTA Ha
crekoBe Braggor Nb,Os 3a ontruHo HaOJIrOIeHUE HA JIETIIMBA OPTaHUYHU ChEIMHEHUS.

Bulgarian Chemical Communications

14. Influence of PEO, PDMAA and corresponding di- ad triblock copolymers on the
optical properties of niobia thin films

R. GeorgieV, L. Todorova, D. Christov4, B. Georgievi M. Vasilevd and T. Babeva

! Institute of Optical Materials and Technologiesc4d. J. Malinowski”, Bulgarian Academy of Sciencisad.
G. Bonchev Str., Bl. 109, 1113 Sofia, Bulgaria &titate of Polymers, Bulgarian Academy of Scienéead.
G. Bonchev Str., Bl. 103-A, 1113 Sofia, Bulgaria

Abstract. The present study aims at investigation of théuarfce of poly(ethylene oxide)
(PEO), poly(N,N-dimethylacrylamide) (PDMAA) and cesponding block copolymers
(PEOb-PDMAA and PDMAAD-PEObH-PDMAA) on the formation of porosity in thin
Nb,Os films using evaporation induced self-assembly &ISnethod. The addition of
copolymer solution to Nb sol provoked phase semaradnd after appropriate annealing a
system of pores was generated in the spin-on ihn The annealing regimes providing
complete removal of the polymer from the pores wgemized through Thermogravimetric
Analysis (TGA). The morphology and structure of fiilms were studied by Transmission
Electron Microscopy (TEM) and Selected Area Elattidiffraction (SAED). The optical
parameters of the films, along with their thickresswere determined from reflectance spectra
and nonlinear curve fitting. The influence of copokr structure and composition on the
optical properties of thin Nb205 films was estdiid and the tuning of refractive index in
wide range was demonstrated.

Pe3rome. HacrosmoTo mpoyyBaHe mMa 3a Il Jla W3CiIeBa BIUSHUETO Ha TOJH(CTUICHOB
okcun) (PEO),momu(N,N-qumernnakpunamua) (PDMAA) 1 choTBETHHTE OJIOK CHIOTHMEPH
(PEO-b-PDMAA 1 PDMAA-b-PEO-b-PDMAA)) BbpXy 00pa3zyBaHeTO Ha MOPH B THHKHU
Nb,Os punmu, u3noas3Baiiku MeToa 3a camoopranmsupane (EISA). JlobaBsiHeTO HaA pa3TBOP
Ha cbrnomumep kKbM ND-3011 mpoBoKkupa paszessiHe Ha Ga3ute u cie] MOIXOASII0 OTIPsSBaHe
ce reHepupa CHUCTeMa OT IMOpPH BBHB BBPTAIIUS ce THHBK QWM. PeXMMUTEe Ha OTrpsBaHe,
OCUTYpsIBAaIll ITBJIHO OTCTpaHsSBaHE Ha TOJKMMepa OT IMOpHTe, OsfXa ONTHMHU3UPAHH Upe3
tepmorpaBumerpuueH ananm3 (TGA). Mopdonorusarta u cTpykrypara Ha ¢(uiMuTe ca
U3CJIeIBaHN dYpe3 TPAHCMUCHOHHA ejleKTpoHHa Mukpockonus (TEM) wum emextponHa
mudpaknus ot u3bpana obnact (SAED). Ontuunute mapamerpu Ha (GUIMHTE, 3a€HO C
TEeXHUTE Je0eMHM, Osxa ONpeNeieHn OT CIEKTPUTEe Ha OTpaKeHWE M HEeJMHEHHaTa KpuBa.



VYcTaHOBEHO € BIMSIHUETO Ha CTPYKTypaTa M ChCTaBa Ha CHIIOJUMEpA BBPXY ONTUYHUTE
cBoiicTBa Ha ThHKHTE NIL,Os pumu 1 e TeMoHCTpUpaHO HACTPOMBAHETO Ha KoedHIIMeHTa Ha
MpevylBaHe B MHUPOK JUANA30H.

Optical and Quantum Electronics (2020) 52:437

15. Sol—-gel tantalum pentoxide thin films with tunale refractive index for optical
sensing applications

R. Georgiev B. GeorgievaK. Lazarova M. Vasileva T. Babeva
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Abstract. Present study aims at development of thin filmsalf-gel Ta205 with tunable
refractive index that could be used as an activeliune for volatile organic compound
(VOCs) optical detection. In order to tune the aefive index, mesoporosity is introduced
through soft templating approach where series epalgmers (Pluronics) are utilized as
structure directing agents. Thin films are prepaedpin-coating method using tantalum sol
synthesized from TaCl5 as a precursor and ethanalsmlvent. The temperature annealing at
320 °C finalizes the tantalum oxide lattice formatiand decomposes the template being
used. The morphology and elemental compositiorheffims are studied by transmission
electron microscopy (TEM) and energy dispersivea}(gpectroscopy in STEM, respectively,
and the amorphous status of the films is confirimgdelected area electron diffraction. Non-
linear curve fitting method and non-destructive WANs-reflectance measurements are used
for determination of optical parameters of the &ilnThe free volume fraction in the films is
estimated through modeling of refractive index byudeman effective medium
approximation. The films are exposed to acetonergaps a commonly studied VOC. The
reaction of the film due to vapors’ exposure iorded as a change in the reflection spectra of
the film and the adsorbed acetone quantity is edtch The influence of template
composition on optical and sensing properties @J%films is revealed and discussed.

Pesrome. HacrosmoTo m3cneaBaHe wMMa 3a Iejl pa3pad0TBaHETO Ha THHKH GuiMH OT T&0s
ype3 30J-Tell METOJ], C PEryJupyeM HHIEKC Ha MpedylnBaHe, KOUTO MOTaT Jia ce M3IOJ3BaT
KaToO aKTHBHA CpeJia 3a ONTUYHO OTKpHBaHE Ha JICTIMBU oprannduu cheauHenus (JIOC). 3a
Jla ce HaCTpOM IMoKa3aTessAT Ha MpedylnBaHe, Me30IOPUCTOCTTa ce BHACS Upe3 MeK Ia0jIoHEeH
MOJX0/d, Ipu KoiTo cepust or chmomumepu (Pluronics) ce m3mossBaT Karo areHTH 3a
HAcOYBaHE Ha CTPYKTypaTa. T'bHKUTE (PUIMH Ce MPUTOTBAT Ype3 METOJ] Ha IIeHTpo(dyrupaHe,
KaTo ce W3I0JI3Ba TAHTAJOB 30J, cMHTe3upaH oT 1aCk karo mpeKkypcop M eTaHoJ Karo
pastBoputen. TemneparypHoto otrpsBane npu 320 °C ¢unanmusupa oOpazyBaHeTO Ha
TAHTAJIOB OKCHJI M pa3jiara M3MoJi3BaHus mabiaoH. MopdoorusaTa 1 e1eMeHTHUAT ChCTaB Ha
¢dumuTe ce M3caeaBaT ChOTBETHO Upe3 TPAaHCMUCHOHHA eneKTpoHHa Mukpockonus (TEM) u
E€HEPruiiHO JAWCIIEPCHOHHA peHTTeHOBa criekTpockonus B STEM, katro aMmoppHHSAT cTaTyc Ha
¢unIMuTe ce MOTBBPKAABA Upe3 eIeKTpoHHA Tudpakius oT u3dpaHna odiact. 3a onpejaessHe
Ha ONITUYHUTE IapaMeTpH Ha QUIMHTE ce M3II0JI3BAaT HEJIMHEEH METO]] 3a HallacBaHe Ha KPHUBa
U HepazpymmTenHu udMepBanus Ha UV-Vis orpaxenune. CBoOogHaTa oOeMHa (pakiusi BbB
¢duIMHTE ce OIeHsBa Upe3 MOJICIMpaHe Ha IToKa3aTels Ha MpedynBaHe upe3 NpuOImKeHne Ha
epexTHBHATa cpena Ha Bruggeman®uiamure ca W3I0KEHW Ha alleTOHOBH MapH KaTo YeCTO
m3cienBany JIOC. Peaknusra Ha ¢uiima mopaay M3jIarade Ha IMapy ce 3alrucBa KaTo MPOMsHA
B CIIEKTPUTE HA OTpakeHUE Ha (hUIMa U ce OIEHsIBA KOJMUECTBOTO Ha a/IcOpOUpaHUs alleTOH.



PaskpuBa ce um ce oOChXkHa BIUSHUETO HA ChCTaBa Ha IAbJIOHA BBPXY ONTUYHHUTE U
ceH3opHHTE cBo¥cTBa Ha T&0Os pummuTe.

Sensors and Actuators B

16. Optical fiber—-Ta,Os waveguide coupler covered with hydrophobiczeolitélm for
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Abstract. Coupler comprising side-polished optical fiber aadtalum pentoxide (Ta205)
waveguide coated with330 nm hydrophobic MFI-typelite films was utilized as chemical
sensor for acetone vapors. The thick-ness of thitedilms was selected through theoretical
modeling of the resonant wavelength shift in ortdeachieve the highest possible sensitivity.
The spectral positions of the resonances were -ddtexd through solving of the
characteristics equations for the coupled waveguidad finding their mode effective
refractive indices. The optical quality of the ctarpsurface, that is responsible for the proper
operation of the device, was controlled through @ftical imaging prior to and after
deposition of the zeolite films. The applicationsade-polished optical fiber—}@swaveguide
coupler covered with hydrophobic zeolite film fazedone vapor sensing was demonstrated
and discussed.

Pe3rome. M3non3BaH e onTuyeH pa3KJIOHUTEN, BKIIOYBAI CTPAHUYHO MOJHUPAHO ONTHYHO
BJAKHO W BBJIHOBOJ OT TaHTanoB meHTaokcua (T&Os), mokpur ¢ 330 nm xuapodoben
3eonuteH ¢uiam oT tuna MFI, kaTo xuMuueH ceH3op 3a aneToHoBU napu. JlebenmnHarta Ha
3e0MTHATE QUIMH € M30paHa 4pe3 TEOPETHYHO MOJCITUpaHe HAa Pe30HAHCHOTO U3MECTBaHE
Ha Jb/DKMHATAa Ha BBIHATA, 32 Jla Ce MOCTUTHE BB3MOXKHO Hal-BHCOKA UyBCTBHUTEIHOCT.
CriekTpaJTHATE TIO3HMIIMHA Ha PE30HAHCUTE ca OINpeNIeICHH Ype3 pellaBaHe Ha YpaBHCHHATA Ha
XapaKTepUCTUKUTE HA CBbP3aHUTE BHIHOBOJIU W HAMHpPAHE HA TEXHUS PEKUM Ha eeKTUBHU
MoKasare/M Ha nmpedynBaHe. ONTHYHOTO Ka4eCTBO HAa MOBBPXHOCTTA Ha CHEIMHUTENS, KOSTO
€ OTTOBOPHO 3a MpaBHJIHATA padoTa Ha YCTPOHCTBOTO, ce KoHTpoiupa dpe3 3D onTudHO
HN300paKeHHE MPEIN U CJIe] OTJIAraHEeTO Ha 3€0JUTHUTE GriMHA. JIeMOHCTpHUpaHO U 00CHIACHO
€ TPUIOKEHUETO Ha CTPAaHUYHO TMOJHpPaHU ONTUYHH BirakHa — 1&0Os BBIHOBOJEH
CBhEIMHUTEJT, TOKPHT ¢ XHJIPO(HOOCH 3e0uTeH (PHUIM 3a OTYMTAHE HA alleTOHOBUTE ITAPH.

Opt Quant Electron (2016) 48:310

17. One-dimensional PMMA-\40Os photonic crystals used as color indicators of
chloroform vapors
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Abstract. The fabrication and characterization of one-dimemai photonic crystals (1DPC),
in the form of quarter-wavelength multilayered &téiBragg stack) are presented. The 1D-PC
comprises alternatively deposited spin-coated pelyPMMA (Poly(methyl methacrylate))
films as low-refractive index material that chartheckness upon exposure to chloroform
vapors, and both dense and porous V205 films pnoyithoth high optical contrast. The
possibility of using PMMA-YOs structure as an omnidirectional reflector in bo#ses is
confirmed experimentally. Besides, the prospectitdizing the studiedstructures as optical
indicators of chloroform vapors is demonstrated disdussed.

Pe3rome. [lpencraBenn ca m3paOOTBAHETO M XapaKTEPU3MPAHETO HA €THOMEPHU (HOTOHHH
kpuctamu (1D-PC), mox ¢opmara Ha MHOTOCIIOEH CTE€K C YETBHPT ABDKHHA Ha BhIIHATA
(Bragg stack)Ennomepnust ¢otonen kpucran 1D-PC BkitoduBa alTepHATHBHO OTJIOXKCHU
nomumeparn PMMA (Iomu(metrimeTakpuiar)) Guimu dpe3 Spin-coatingkaro maTtepuan ¢
HUCBHK TIOKa3aTell Ha TMpedylnBaHe, KOWTO TMpoMeHsl JebenuHaTa MpU H3JIaraHe Ha
XJOpOQOPMHHU TIapH, W ILTBTHHU, WK 1opectd VoOs GUIMH, OCHTYpsIBAIld BHCOK ONTHYEH
KOHTpacT. Be3aMoxkHOCTTa 3a m3momsBaHe Ha cTpykrypara PMMA—-V,0s kato BcemocoueH
pediekTop ¥ B [BaTa CiIydas € IOTBbPACHA eKcriepuMeHTaHO. OCBEH TOBa € JeMOHCTpHpaHa
W JUCKYTHpaHa TepCleKTUBaTa 3a W3MOJI3BaHe Ha M3CJICIBAHUTE CTPYKTYpH KaTo ONTHYHU
WHMKATOPHU Ha MMapuTe Ha XJIOPOohOpM.

Materials Chemistry and Physics
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and application for an electrochemical sensing ofydrogenperoxide and vanillin
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Abstract. Silver nanoparticles (AgNPs) were synthesized &guction of Ag with four
extracts ofRosa Damascena waste: post-distillation water (PW), water extr@ste), 30% (30
EE) and 70% (70 EE) ethanol extracts. The ethamitacts were rich in polyphenols and
particularly catechin and epicatechin (1388.01+ZA8d@ 677.47+2.03 gmL 1 , respectively)
while the water extracts were rich in reducing ssgproteins and pectic substances (for WE
254.21+1.26, 296.89+2.01 and 242.14+1,@nL", and for PW 185.72+1.47, 298.30+1.57
and 181.78+1.3ugmL™, respectively). The morphology of AgNPs was chemmed by
transmission electron microscopy and the calculatextage size of the AgNPs synthesized
using WE and PW was 25.8+11.5 nm and 11.5+8.4 espectively. The X-ray diffraction
analysis suggested presence of silver phase whystatlized in a face centered cubic space
group Fm-3m with unit cell parameter 4.085 (2) Adamean coherent domain size 10.9
(3)nm. Biosynthesized AgNPs were deposited ontpeztsoscopic graphite electrode (GE),
applying two different procedures, and stabilizethg chitosan to build modified electrodes-
catalysts. The electrochemical performances of rtiaified electrodes AgNPs/GE and
AgNPs/CS/GE were studied by means of cyclic voltatmyn (CV), differential pulse



voltammetry (DPV) and chronoamperometry at pH 7:/d aheir applicability for
amperometric detection of H 2 O 2 and vanillin iagestigated. The developed electrodes
exhibited a sensitive and reproducible responseqt@ntitative determination of ;B, at
applied potentials of 0.2, 0.25 and 0.3 V (vs. AgA 3 M KCI). Constant potential
amperometry studies with AQNPs/CS/GE showed s&esigsponse to H 2 O 2 (1152
mM™cm? ) up to 6.6 mM at 0.3 V, and to vanillin (56u® uM™*cm?) up to 0.5 mM with
detection limit of 8.4uM at 0.58 V. The results obtained from the quattiéa
electrochemical measurements ofCx and vanillin offer potential applications of the
graphite electrodes modified with the biosynthesizZ&gNPs in electrochemical sensor
devices for monitoring of these analytes.

Pe3ome. CpeObpaute Hanouactuid (AgNPS)ca cuHTe3upanu upes peaykius Ha AQ-oHHU ¢
YeTHPH eKCTpakTa OT oTHaxbii or Rosa damascenapecosa Boga (PW), BojeHn ekcTpakT
(WE), 30% (30 EE)u 70% (70 EE)ertanonoBu ekcTpakTu. ETaHOJIOBUTE €KCTpakTh ca
Ooratu Ha MOMU(EHOIM B OCOOCHO Ha KaTeXWH M enukarexuH (choTBeTHO 1388,01+2,271
677,47+2,03 pugmt ), mokaro BomHHTE EeKCTpakTH ca Ooratu Ha peaylupaiiy 3axapw,
POTEMHHU U NMEeKTUHOBHM BerectBa (3a WE 254.21+1.26, 296.89+2.01.242.14+1.38.gm LY,
u 3a PW 185.72+1.47, 298.30+1.57 181.78+1.3%ugmL" crotetHO). Mopdomorusita Ha
AgNPSs e oxapakTepu3upaHa C TPAaHCMHUCHOHHA €JIEKTPOHHA MHKPOCKOMHS W W3YHCICHUST
cpeneH pazmep Ha AgNPS,cuntesupann ¢ momomra Ha WE u PW, e crotBeTHO 25,8+11,5
nm u 11,5+8,4 nm.PenTreHoBuar nupaklMOHEH aHAIW3 IMpeArnojara HaJIHYueTo Ha
cpeObpHa (aza, KOSITO KpHCTATU3Wpa B CTEHOIGHTpHpaHa KyOMYHA MPOCTPAHCTBEHA Tpylia
Fm-3mc mapameTsp Ha eneMentapHa kietka 4.085 (2) Au cpenen pasmep Ha KOXepeHTHHS
nomen 10.9 (3) nm.buocunrtesupanure AGNPS Osixa 0TJI0Ke€HH BBPXY CIIEKTPOCKOIUYEH
rpaduten enekrpoa (GE), kaTo ce mpmiarat JBe pa3lUYHU MPOLEAYPH U Ce CTaOMIM3HMpa C
MOMOIITa Ha XWUTO3aH 3a W3rpaXIAaHe HAa MOJUPUIUPAHUA EIEKTPOI-KaTaIu3aToOPH.
EnextpoxuMuynnTe XapakTepucTHKH Ha Moaupuiupanute enekrpoan AgNPS/GE u
AgNPs/CS/GE 6sixa wu3cienBanu ¢ momolnra Ha nukianuHa BosrMmerpust  (CV),
qudepeniurania ummnysicaa BoatMmerpust (DPV) u xponoammepomerpust npu PH 7,0u taxunara
MPWJIOKUMOCT 3a amIepoMeTpudyHo oTkpuBaHe Ha H»O, u BanunmmH. Pa3paboTenute
€JIEKTPOM MOKa3BaT UyBCTBUTENIEH U BB3IPOU3BOIUM OTTOBOP 3a KOJIMYECTBEHO OIpeeIsiHe
Ha HyO; npu npunoxenn norennmamu ot 0,2, 0,25u 0,3 V (pemry Ag/AgCIl, 3 M KCI).
AmnepoMeTpuyHnTe H3ciaeaBaHus ¢ mocrosiHeH moteHnuan ¢ AgNPS/CS/GE nokassar
qyBCTBUTENICH OTroBop KbM HpO, (115,2 pA mM-1cm-2) no 6,6 mM opu 0,3 V u kM
BanmmmH (56,8 uA uM-1cm-2) no 0,5 mMc rpanuia Ha otkpuBane ot 8,4 uM mpu 0,58 V.
Pesynrarure, monydeHHM OT KOJMYECTBEHUTE ENEKTPOXUMUYHHM u3MepBanus Ha HO, u
BaHWIVH, TpeyiaraT NOTSHITMATHY TPUIOKEHUS Ha TpaQUTHUTE eNEKTPOIN, MOIUPHUITPAHH
¢ O6mocuntesupann AgNPS, B eneKTpOXMMUYHHA CEH30pPHH yCTPOWCTBA 3a MOHHTOPHHI Ha
T€3W aHAJIUTH.
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Abstract. In this research, a fast, simple, “green” methmdsiynthesis of silver nanopatrticles
(AgNPs) using flower water extracts éichillea millefolium and Lavandula angustifolia
wastes as reducing agents was demonstrated. Thghabogy and phase composition of the
biosynthesized AgNPs were determined TrgnsmissionElectron Microscopy (TEM) and
Selected Area Electron Diffraction (SAED). AgNPsrevaleposited onto a spectroscopic
graphite surface, applying two different procedumsd stabilized using chitosan to build
modified electrodes-catalysts for reduction of logimn peroxide (bD,). The electrochemical
performance of the modified electrodes was studigdneans of cyclic voltammetry and
chronoamperometry at pH 7.0 and their applicabfbtyamperometric detection of,8, was
demonstrated. The modified electrodes exhibiteapédr sensitive and reproducible response
for quantitative determination of H202 at appliedtgmtials of —0.2 V and -0.3 Wg
Ag/AgCl, 3M KCI). It was established that the electtalytic activity of the electrodes
modified with biosynthesized AgNPs significantlyp@ads on the nature of the used plant
extract. In the target reaction (electroreductidnHgO;) the electrode based on AgNPs,
synthesized usingchillea millefolium waste possesses significantly higher catalytic activity
in comparison with the modified electrode basedAgiNPs, synthesized usingavandula
angustifolia waste

Pe3rome. B ToBa m3cienBaHe € JeMOHCTpUpaH OBP3 ,3€JIeH” METOJ 3a CHHTE3 Ha CpeObpHU
Hanovactuiy (AgNPS),karo ca u3non3BaHu BOJHH €KCTPAKTH OT OTHAIBIM HA IIBETOBETE OT
Achillea millefolium u Lavandula angustifolia kato pexyuupamu areatu. Mopdosorusra u
¢dazoBuaAT chctaB Ha OuocumHTesmpanute AGNPS ce ompenmensit dype3 TpaHCMHCHOHHA
enektponHa mukpockomnus (TEM) u enekrponna mudpaknus ot u3dpana odmact (SAED).
CpeObpHUTE HAHOYACTHIIM CE OTJaraT BbpXY CHEKTPOCKONUYHA TpadUTHA MOBBPXHOCT, KATO
ce TpWjarar JBe Pa3IMYHH IPOIEIypH, M C€ CTAOWIM3MpaAT C IOMOINTAa Ha XHWTO3aH 3a
U3rpakaaHe Ha MOJUMDUIUPAHU eNEKTPOIN-KATaTU3aTOpu 3a pPEIyKIus Ha BOJOPOJEH
nepokcua (Hz0,). EnekTpoXuMUYHUTE XapaKTEPUCTHKH HAa MOIU(PHUIIMPAHUTE €ICKTPOIN ca
W3CIeIBAaHN C TIOMOIITA Ha ITUKIMYHA BOJITMETPHUS U XpoHoammepomeTpus mpu PH 7.0u e
JIEMOHCTPHpAHA TSIXHATa MPIIOKHEMOCT 3a aMIepoMeTpu4yHO oTkpuBaHe Ha HyOs.
Monudunupanure eneKTpoau Mmoka3Bar Obp3, YyBCTBUTEICH U BB3MPOU3BOJAUM OTTOBOD 3a
KoJmyecTBeHO omnpenensHe Ha HpyOp mpu npunoxxenn nortennuanua or —0,2 Vu -0,3 V
(cipsimo  Ag/AQCIl, 3M KCI). YcranoBeHO €, Ye elleKTpOKaTAIMTHYHATA AKTUBHOCT Ha
enekTpoaute, Moaudumupanu ¢ omocuaTesnpanr AGNPS,3HaunTETHO 3aBUCH OT €CTECTBOTO
Ha M3IOJI3BAHUS PACTHTENICH eKcTpakT. [Ipu 1neneBata peaknus (enekTpopenykius Ha HoOy)
enekTpoabT Ha Oazara Ha AQNPS, cunTesupan ¢ ortmamein ot Achillea millefolium,
MPUTEKaBa 3HAYUTETTHO MO-BUCOKA KAaTaIUTHYHA aKTUBHOCT B CPaBHEHHUE C MOAUQPUIPAHUS
enekTpon Ha Oasata Ha AQNPS, cuHTe3wpaH ¢ momolnTa Ha oTmaapiud ot Lavandula
angustifolia.



