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Pedepar:

1. Incepraniiina po60oTa IpUCBIY€Ha BCTAHOBJIEHHIO MeXaHi3MiB BIIJIMBY HaHOKpucTasiB (HK) 3i cTpykrypoto
IIEPOBCKITY Ta JIa3€P-iHAyKOBaHUX NepioguyHuX noBepxHeBUx cTpyKTyp (JIIIIIC) Ha esekTpoxeMintoMiHeCLIEHTHI
(EXJI) Ta es1eKTpOXiMiuHi BJIaCTUBOCTI €JIEKTPOLiB €J1€KTPOXiMIYHMX aHAJIITUYHUX CUCTEM. JJOCTIIKEHO MEXaHi3MU
dhopMyBaHHS METOZOM IMITyJIbCHOI J1a3epHOi abssiii 6araTokomrnoneHTHUX HK, ki MaroTh norexmnjian ix
3aCTOCYBAHHS B €JIEKTPOXIMIYHMX aHAJITUYHUX CUCTEMAaX B SIKOCTI MOI1(]iKaTOpiB IOBEPXHi poO0YUX €JIEKTPOIiB.
EnekTpoxiMiyHi METOAM HOCIIIKEHD BilirpalOTh BAXKJIMBY POJIb Ta MAlIOTh 3HAYHI IIEPCIIEKTUBY B aHAJIITUYHUX
IOCIIIKEHHAX 3aBASKYU TaKVM BJIACTUBUM iM IepeBaram, sIK 4yTJIMBiCTh, IPOCTOTA BUKOPUCTAHHS, YHIBEPCAJIbHICTD

Ta WBUIKICTh. EeKTpoXiMiuHi aHAMITUYHI cucTeMU TOTPEOYIOTh He JIMIe TIOKPallleHHs BULlle3a3HaYeHNnx



rapameTpiB, a 1 MifBUILIIEHHS] TOYHOCTI, CTabiJIbHOCTI, BiITBOPIOBAHOCTI PE3yJIbTaTiB BUMiPIOBaHb, peaKLifHOi
3[,ATHOCTI €JIEKTPOIiB, @ TAKOXK PO3LIMPEHHS NIEPENIKY PEYOBUH 5IKi MOXKJIUBO JETEKTYBATH, TOIIO. Y KIACUYHUX
€JIEKTPOXEMITIIOMIHECLIEHTHMX aHATITUYHUX CUCTEMAX IIMPOKO BUKOPUCTOBYIOTLCS CKIJIOBYTJIELIEBI I10J1ipOBaHi
€JIeKTpoau y KoMmbiHawii 3 nriBKaMu sIKi MOXKYTb MiCTUTH OOMEKEHUH NepPeliK JIIOMiHODOPIB. Y CBOIO 4EPTy, Bifomi
moMiHodopu e cTabinbHUMU He Y Beix EXJI cuctemax yepes Te, 1[0 BOHU MOXKYTb €rpalyBaTi BIPOJOBXK
6araTopa3oBUX BUMipIOBaHb, a TAKOK MAaIOTh OOMEKEHUI MepeJTik aHaJIITIB 3 IKUMU BOHU B3aEMOIIOTh.
dopmyBaHHS Ta AOCJIIPKEHHSI HOBUX MaTepiaiB 3 IOKpalleHMMHU BJIAaCTUBOCTSIMY, AJ11 Mogu@ikauii enekrpozis
€JIEKTPOXMIYHUX aHAJIITUYHUX CUCTEM, MOXKYTb 3a0€3M1€YUTH PO3IIMPEHHS I1ePeJliKy PEUOBUH, 110 MOXYTb OyTU
IleTeKTOBaHi, Ta MiABUIMTY IHTEHCUBHICTb €JIEKTPOXEMIIIOMiIHECIIEHTHOI peakii 10613y oBepxHi po604yoro
€JIEKTPOJy. 3aCTOCyBaHHS HAHOCTPYKTYP 111 Moaudikallii po60yux eJeKTPOiB € TaKOX IePCIIeKTUBHUM
CII0COOOM BUPIillIEHHS TPO6JIeMU HECTabiIbHOCTI JIOMiHOGOPIB y PiiMHAX Mif, YaC UUKJIIYHOI BOJIbTAMIIEPOMETPIi.
3acTocyBaHHs MaTepiaiB 3i CTPYKTYPOIO [IEPOBCKITY BiIKPMBAa€ HOBI MOKJIMBOCTI B 33[1a4ax €JIEKTPOAHAJITUYHO]
ximii. HaHOKpUCTaM epoBCKiTiB 3HAXOSTh BCE OibII IMPOKE 3aCTOCYBaHHS Y cepax ONTOeIeKTPOHIKY,
COHSIYHIl eHepreTulli, nepepooLi MKiJJIMBUAX CIIOJNYK, PO3LIEIJIEHHS BOOY i MalOTh [IEPCIIEKTUBU BUKOPUCTAHHS Y
€JIEKTPOXiMIYHMX aHATITUYHUX CUCTEMAax 3aBJIsKU iX CUJIbHIN Ta CTiHKiN JoMiHecLeHii. 3aBsSKi 0COOGINBOCTIM
KpUCTaIigYHOi CTPYKTYpH, HK 3i CTpYKTYpOIO IEpOBCKITY MalOTh YHiKaJIbHI ONITUYHI Ta eJ1eKTPOodi3uiHi BIaCTUBOCTI
gKi MO>KHA HaJIAITYyBaTH IIJIIXOM 3MiHU CKJlany Marepiany. Hanvacrime, HK 1epoBCKiTiB CUHTE3YIOTh XIMIYHUMU
METOJaMU, HallpuKJjam, Mmetogamu hot-injection (ykp. rapsidoi inxekuii) Ta ligand assisted reprecipitation (yxp.
nepeocayykeHHs 3a JornomMorolo jiranais, LARP). HK nepoBcKiTiB gKi oTpuMaHi XiMiYHUMU METOZAMU, AJ1S1
€JIEKTPOXIMIYHUX [OCIIiI)KEeHb PiiyH, TPUTAaMaHHI HeJO/IiKU: HeCTabiIbHICTD Y MOJIIPHUX PO3YMHAX, SIKi MalOTh
HIMpoKe 3acTocyBaHHs 1151 EXJI mocifskeHb 6i0/10rYHMX 3pa3KiB; a TaKOXX HeraTuBHUMN BIIUB Ha EXJI
BMMIipIOBAaHHS 3 OOKY JIiraHiB, s1Ki popmytoTs HK, Ha pe4yoBUHU $SIKi IPUIMAIOTh YYaCThb €JIEKTPOXIMIUHIN peaKuii.
BuiesasnaveHi Heposiku HK 1epoBCKiTiB MOKIMBO YCYHYTH BUKOPUCTAHHSIM HACTYIIHUX MiAXOMIB: IIJIIXOM
MigBUIIEHHS PeaKiiiiHOI 30aTHOCTI XiMiyHO-cruHTe30BaHuX HK Y®-onpomineHHSIM 3 Mofanbuio iX crtabinisaiieto
3a JOIIOMOTOI0 NoJIiMePiB; WsixoM popmyBaHHsI HK nepoBcKiTiB METOOM iMIy/IbCHOI J1a3epHOi abssuii. [
IOCJIiIPKEHHS CTabiNbHOCTI Ta es1eKTpoxiMivyHuX BiactuBocTell HK nepoBckitiB 6ys10 BUKopucTaHo HeopraHiuHi HK
CsPbBr3 3i cTpyKTypoo IepOBCKiTY, CHTe30BaHi MmeToioM LARP. 3 meToi0 oTpuMaHHs iHdopmauii npo
CTabiNIbHICTh, CTPYKTYPHI Ta onTu4Hi Xapakrepuctuku HK CsPbBr3 nin Brnuom Y®-onpomiHeHHs, 6y10
BUKOPUCTAHO HACTYIIHI METOJU: IPOCBivylova eseKTpoHHa Mikpockorist (TTEM), YO-Bug cniekrpockomnis, LIBAM,
EXJI BumiproBaHHs1. [lepen mopudikanieo pobounx enekTpofis, noepxHio HK CsPbBr3 6yso «akTnBoBaHO»
KOpOTKOTpUBaIUM YO ONpOMiHIOBaHHSIM Ta CTabi/i30BaHO MIJISIXOM iX iHKOpIiopalii B nosyimep
nosnimetinmerakpesnat (TIMMA). Cra6inizoBani HK CsPbBr3 B nogansuomy 6ysu 3acToCOBaHi 1151 Mogudikarii
0JIiPOBAHUX CKJIOBYTJIELIEBUX POOOUYMX €JIEKTPOLIB Y BUIJISI/Ii TOHKUX TUIiBOK 3a JOIIOMOT'0I0 METO/IiB spin-coating
Ta drop-casting. BctaHOBJIEHO ITIepeBaru MeToy spin-coating 1yt GopMyBaHHS QYHKI[iOHAIBHUX I1J1iBOK 3
TOBILMHOIO SIKa He IlepeuKoKae npoxomkeHHo EXJI peakiiii Ta 3 piBHOMipHAM pO3IOLiJI€HHSIM HAHOYACTUHOK I10
[IOBEPXHi eJIeKTpoAy. EnexTpoximiuHi B1aCTUBOCTI pOOOUNX €JIeKTPOLiB, MOAU(DIKOBAHNX (PYHKLIOHAJIbHUMU
niBkamu 3 HK CsPbBr3, 6ysio nocnimxeno merogamu LIBAM y docdatHomy bypepHomy pozunHi. [TpoBeneni EXJI
BUMIpIOBaHHS 3 BUKOPUCTAHHSIM MOIU(DIKOBaHUX €JIeKTPOiB J03BOJIUIN BCTAHOBUTH, 1110 edeKT «akTupaiii» HK
CsPbBr3 3a 10nomMorom KopoTkoTpusanoro YO BUIIPOMiHIOBaHHS 3a0e31edye OTPMMaHHS cTabinbHoro EXJI

CUTHAJIy 3i ClliBpeareHTOM TPUIPOIiNaMiHOM, SIKA BUCTYIIA€ B SIKOCTi 6i0JIOTiYHO] PEYOBMHMU SIKA 1€ TEKTY€EThCSL.

2. The dissertation is devoted to establishing the mechanisms of influence of nanocrystals (NCs) with perovskite
structure and laser-induced periodic surface structures (LIPSS) on electrochemiluminescent (ECL) and
electrochemical properties of electrodes of electrochemical analytical systems. The mechanisms of formation of
multicomponent NCs by pulsed laser ablation, which have the potential for their use in electrochemical analytical
systems as modifiers of the surface of working electrodes, are studied. Electrochemical research methods play an
important role and have significant prospects in analytical research due to their inherent advantages such as
sensitivity, ease of use, versatility and speed. Electrochemical analytical systems need not only improvement of the
above parameters but also increase of accuracy, stability, reproducibility of measurement results, reactivity of



electrodes, as well as expansion of the list of substances that can be detected, etc. In classic
electrochemiluminescent analytical systems, glassy carbon polished electrodes are widely used in combination
with films that can contain a limited list of luminophores. In turn, known luminophores are not stable in all ECL
systems due to the fact that they can degrade during repeated measurements, and also have a limited list of
analytes with which they interact. The formation and research of new materials with improved properties for
modification of electrodes of electrochemical analytical systems can provide an expansion of the list of substances
that can be detected and increase the intensity of the electrochemiluminescence reaction near the surface of the
working electrode. The use of nanostructures to modify working electrodes is also a promising way to solve the
problem of the instability of luminophores in liquids during cyclic voltammetry. The use of materials with a
perovskite structure opens up new possibilities in the tasks of electroanalytical chemistry. Perovskite nanocrystals
are increasingly used in the fields of optoelectronics, solar energy, processing of harmful compounds, water
splitting applications and have prospects for use in electrochemical analytical systems due to their strong and
stable luminescence. Due to the peculiarities of the crystal structure, NCs with a perovskite structure have unique
optical and electrophysical properties that can be adjusted by changing the material composition. Most often,
perovskite NCs are synthesized by chemical methods, for example, hot-injection and ligand-assisted
reprecipitation (LARP). Perovskite NCs synthesized by chemical methods for electrochemical studies of liquids
have inherent disadvantages: instability in polar solutions, which are widely used for ECL studies of biological
samples; as well as the influence on the ECL measurement from the ligands that form NCs, on the substances that
participate in the electrochemical reactions. The above-mentioned disadvantages of perovskite NCs can be
eliminated using the following approaches: by increasing the reactivity of chemically synthesized NCs with UV
irradiation followed by their stabilization with the help of polymers; by forming perovskite NCs by pulse laser
ablation technique. To study the stability and electrochemical properties of perovskite NCs, inorganic CsPbBr3
NCs with a perovskite structure, synthesized by the LARP method, were used. In order to obtain information about
the stability, structural and optical characteristics of CsPbBr3 NCs under the influence of UV irradiation, the
following methods were used: transmission electron microscopy (TEM), UV-Vis spectroscopy, cyclic voltammetry,
ECL measurements. Before the modification of the working electrodes, the surface of the CsPbBr3 NPs was
"activated" by short-term UV irradiation and stabilized by their incorporation into the polymethyl methacrylate
(PMMA) polymer. Stabilized CsPbBr3 NPs were subsequently used to modify polished glassy carbon working
electrodes in the form of thin films using spin-coating and drop-casting methods. The advantages of the spin-
coating method for the formation of functional films with a thickness that does not prevent the passage of the ECL
reaction and with a uniform distribution of nanoparticles on the electrode surface have been established. The
electrochemical properties of the working electrodes modified with functional films of CsPbBr3 NCs were
investigated by the CVAM method in a phosphate buffer solution. ECL measurements using modified electrodes
made it possible to establish that the effect of "activation" of CsPbBr3 NCs with the help of short-term UV
irradiation provides a stable ECL signal with the co-reagent tripropylamine, which acts as a biological substance
that is detected. In order to obtain stable NCs with a perovskite structure by the method of pulsed laser ablation,
the conditions for the synthesis of multicomponent crystalline nanostructures were investigated and formed.
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