O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMep: 0823U101374
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peecrtpamnii: 20-11-2023

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. BacunpkoBcbkuii Boiopumup CeprifioBuy

2. Vasylkovskyi Volodymyr Sergiyovych

KBasmigikaris: 105

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

IIIu¢p HayKOBOi CIENiaJIbHOCTI: 105

Ha3zBa HayKoBoi creniaJbHOCTI: [TpukiajgHa disvka Ta HaHOMaTepiany

Tany3p / rasy3i 3HaHb:

OcBiTHBO-HayKOBa IMporpama 3i crneniajabHOCTI: 105 [Ipuknagna ¢isnka Ta HaHOMaTepianyn
Jara 3axmcCTy: 22-12-2023

CrneniaJbHICTh 32 OCBITOIO: MikpO- Ta HAHOCHUCTEMHA TEXHIKA

Micue po60oTH 3400yBayva: [HCTUTYT CUMHTUIIALHKUX MaTepiani HanjonanbHoi akagemii Hayk Ykpainu
Kopg 3a €IPIIOY: 23756522

Micue3HaxoaKeHHs: npocnekt Hayku, 6y. 60, Xapkis, XapKiBcbkuil p-H., 61072, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil



I11. BizomMocTi mIpo aucepraiiiro
IIudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi Cleliaai30BaHOi BY€HOI pagu). 1O 3134

IToBHe HaﬁMCHyBaHHH Iopn,qnqﬂoi ocoou: [HCTUTYT CUMHTUIIALIMHUX MaTepianiB HanioHanbHOI akagemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 23756522

Micuesnaxo,szenna: npocnekT Haykuy, 6ya. 60, XapkiB, XapkiBcbkuil p-H., 61072, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IToBHe HaﬁMCHyBaHHH Iopn,zmqﬂoi ocoou: [HCTUTYT CUMHTUIALIMHUX MaTepianiB HanioHanbHOI akagemii

HayK YKpaiHu

Kopg 3a €IPIIOY: 23756522

Micuesnaxo,zm(eﬂnﬂ: npocnekTt Haykuy, 6ya. 60, Xapkis, XapkiBcbkuil p-H., 61072, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkagemivyHui1

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TemaTHYHHX PYOPHK: 29.41.01

Tema gucepranii:
1. MexaHizmu (OpMyBaHHs Ta BIIJIMBY HAHOKPUCTAJIiB [IEPOBCKITIB Ta J1a3ep-iHAYKOBAaHUX NEPiOAUYHUAX

INOBEPXHEBUX CTPYKTYP Ha BJIACTUBOCTI eJIeKTpOXiMi‘IHI/IX QHAJIITUYHUX CUCTEM

2. Mechanisms of formation and influence of perovskite nanocrystals and laser-induced periodic surface
structures on the properties of electrochemical analytical systems

Pedepar:

1. Incepranjiiina po60Ta IpUCBIY€Ha BCTAHOBJIEHHIO MeXaHi3MiB BIIJIMBY HaHOKpuUcTaiB (HK) 3i crpykrypoto
IIEPOBCKITY Ta JIa3e€P-iHIyKOBAHUX NEPIOIUIHNX NOBEPXHEBUX CTPYKTYP (JIIIIIIC) Ha eseKTpOXEMITIOMIHECLIEHTHI
(EXJI) Ta enexkTpoximMiuHi BIaCTUBOCTI €J1IeKTPOJiB eJIeKTPOXiMIYHMX aHAJITUYHUX cucTeM. [JoCiIkKeHO MeXaHi3Mu
(opMyBaHHSI METOLOM IMITyJIbCHOI J1a3epHOi abssLii 6araTokomnoneHTHUX HK, sKi MaloTh notexnjan ix

3aCTOCYBaHHS B €JIEKTPOXIMIYHUX aHAITUYHUX CUCTEMAX B IKOCTI MOAM(]IKaTOPiB IOBEPXHi pOO0OYUX €JIEKTPOIIB.



EnekTpoxiMiyHi METOAM JOCIIKEHD BilirpalOTh BAXKJIMBY POJIb Ta MAIOTh 3HAYHI NIEPCIIEKTUBY B aHAJIITUYHUX
IOCIIPKEHHSX 3aBASKY TAKMM BJIACTUBUM M IepeBaram, sIK 4yTJIUBiCTb, IPOCTOTAa BUKOPUCTAHHS, YHIBEPCAJIbHICTb
Ta IWBUIKICTb. E€KTpOXiMiuHI aHAMITUYHI cUCcTEMU OTPEOYIOTh He JIMIe TTOKPallleHHs BUILle3a3HaYeHUxX
napaMeTpiB, a i MiJIBULIEHHS] TOYHOCTI, CTabiIbHOCTI, BilTBOPIOBAHOCT] pe3y/IbTaTiB BUMIPIOBaHb, PEAKIiHO]
3[ATHOCTI €JIEKTPOIIB, a TAKOXK PO3LIMPEHHS IIEPEKY PEYOBUH AKi MOKIIUBO NETEKTYBATH, TOLIO. Y KJIACUYHUX
€JIEKTPOXEMITIIOMIHECLIEHTHUX aHATITUYHUX CUCTEMAX IIMPOKO BUKOPUCTOBYIOTLCS CKIJIOBYTJIELIEBI I10J1ipOBaHi
€JIEKTPOoIu y KoMmbiHawji 3 nriBKaMu sIKi MOXKyTbh MICTUTH OOMEKEHUH NepesliK JIIoMiHODOPIB. Y CBOIO 4EPry, Binomi
moMiHodopu e cTabinbHUMU He Y Beix EXJI cuctemax yepes Te, 1[0 BOHU MOXKYTb €rPalyBaTi BIPOJOBXK
6araTopa3oBUX BUMIpIOBaHb, 2 TAKOK MAIOTh OOMEKEHUN MePeJTiK aHAJIITIB 3 IKUMU BOHU B3aEMOMIIOTh.
dopmyBaHHS Ta AOCJIIPKEHHSI HOBUX MaTepiaiB 3 IOKpalleHMMHU BIaCTUBOCTSIMY, AJ1 Mogudikauii esekTpozis
€JIEKTPOXMIYHUX aHAJIITUYHUX CUCTEM, MOXKYTb 3a0€3[1€YUTHU PO3LIMPEHHS NEPeJliKy PEYOBUH, [0 MOXYTb OYTH
IeTeKTOBaHi, Ta MiABUIIUTY iHTEHCHUBHICTb €JIEKTPOXEMIIIOMiHECIIEHTHOI peakii 10613y oBepxHi po604Y0ro
€JIEKTPOJy. 3aCTOCYBaHHSI HAHOCTPYKTYP 1Jis1 Moaudikallii po60yux eeKTPOiB € TaKOX IePCIIeKTUBHUM
CII0COOOM BUPillIEHHS [TPo6JIeMU HeCTabiIbHOCTI JI0MiHOGOPIB y PiinHAaX Mif, YaC UUKIIYHOI BOJIbTAMIIEPOMETPIi.
3acTocyBaHHs MaTepiaiB 3i CTPYKTYPOIO [IEPOBCKITY BiIKPMBAa€ HOBI MOKJIMBOCTI B 33[1a4ax €JIEKTPOAHAJITUYHO]
ximii. HaHOKpUCTaIM 11epOBCKITiB 3HAXOASTh BCE OibII IMPOKE 3aCTOCYBaHHS Y cepax ONTOeIeKTPOHIKHY,
COHSIYHIl eHepreTulli, nepepo6Li MKiIJIMBUAX CIIOJNYK, pO3LIENIeHHs BOOY i MalOTh IIEPCIIEKTUBU BUKOPUCTAHHS Y
€JIEKTPOXIMIYHUX aHATITUUHUX CUCTEMAX 3aBISKH iX CUJIbHIN Ta CTiMKil JloMiHeCHeH1lii. 3aBAsSKY 0COOIMBOCTIM
KpucTaniyHoi cTpykTypu, HK 3i cTpyKTypOIO IepOBCKiTy MalOTh YHiKaJIbHi ONTUYHI Ta €J1eKTpOQi3nyHi BIaCTUBOCTI
gKi MO>KHA HaJIAIITYyBaTH IIJISIXOM 3MiHM CKJlany Marepiany. Hanvyacrime, HK nepoBCKiTiB CUHTE3YIOTh XIMiYHUMU
METOJaMU, HalpuKiaz, Mmetogamu hot-injection (ykp. rapsidoi imxekuii) Ta ligand assisted reprecipitation (yxp.
[epeocaKeHHs 3a 1onomoro yiranfis, LARP). HK nepoBcCKiTiB siKi OTpMMaHi XiMiYHUMU METOIAMU, [AJIS
€JIEKTPOXIMIYHUX [OCIIiI)KeHb PiyH, TPUTAMaHHI HeJO/IiKU: HeCTabiIbHICTD Y IOJIIPHUX PO3YMHAX, SIKi MalOTh
HIMpoKe 3acTocyBaHHs 1151 EXJI mocifskeHb 6i0710riyHMX 3pa3KiB; a TaKoXK HeraTuBHUM BIIUB Ha EXJI
BMMIpIOBAaHHS 3 OOKY JliraHiB, ki popmytoTs HK, Ha peyoBUHU SIKi IPUIMAIOTh YYaCThb €JIEKTPOXIMIUHIN peakuii.
BumesasnaveHi Henosikyu HK 11epoBCKiTiB MOXKIMBO YCYHYTH BUKOPUCTAHHSAM HACTYITHUX MiAXOMIB: IJIIXOM
MigBUIIEHHS PeaKIiiiHOI 30aTHOCTI XiMiYHO-cuHTe30BaHuX HK Y®-onpoMiHeHHSIM 3 MMOoJanbuion iX crtabinizanieto
3a JOIIOMOTOI0 NoJIiMePiB; msixoM popmyBaHHsI HK nepoBcKiTiB METOOM iMITy/IbCHOI J1a3epHOi abssuii. [
IOCJIiIPKEHHS CTabiNIbHOCTI Ta es1eKTpoxiMiuyHMX BiacTuBocTell HK nepoBckiTiB 6ys10 BUKOpucTaHO HeopraHiuyHi HK
CsPbBr3 3i cTpyKTypoIo IepoBCKiTy, cuHTe30BaHi MmeTogoM LARP. 3 meToo oTpumaHHs iHdopmanii mpo
CTabiNIbHICTD, CTPYKTYPHI Ta onTu4Hi Xapaktepuctuku HK CsPbBr3 nin BrinmuBom Y®-onpomineHHs, 6y10
BMKOPHCTAHO HACTYIIHi METOAM: IIPOCBiuy0Ya eIeKTPOHHA Mikpockorlis ([IEM), YO-Bun criektpockomnis, IIBAM,
EXJI BumiproBanHs. [lepen mogudikaliiero pobounx enekTpois, nopepxHio HK CsPbBr3 6yso «akTuBOBaHO»
KOpPOTKOTpUBaIUM YO OIpOMiHIOBAaHHSIM Ta CTabii30BaHO MIJISIXOM iX iHKOpIiopalii B nojyimep
nosnimetinmerakpesnat (TIMMA). Cra6inizoBani HK CsPbBr3 B nogansuomy 6yau 3acTocoBaHi 1151 mogudikarii
[OJIipPOBAaHUX CKJIOBYTJIELIEBUX POOOUNX €JIEKTPOIiB Y BUIJISZ] TOHKMX ILTIBOK 3a OIIOMOTOI0 METOIB Spin-coating
ta drop-casting. BctaHOBJIEHO TIepeBaru MeToy spin-coating njis GopmyBaHHS QyHKI[IOHAIBHYX I1JIiBOK 3
TOBIIMHOIO 5IKa He NepeIKoaKae npoxomkeHHo EXJI peakuii Ta 3 piBHOMipHUM PO3IOJiJIEHHIM HAHOYaCTUHOK I10
[IOBEPXHIi eJIeKTpoAy. EnexTpoximiuHi B1aCTUBOCTI pOO0OUMX €/1eKTPOLiB, MOAU(DIKOBAHUX (PYHKLIOHAJIBHUMU
nziBkamu 3 HK CsPbBr3, 6yso nocnimxkeno merogamu LIBAM y docdatHomy 6ypepHomy pozunHi. [TpoBeneni EXJI
BUMIpPIOBaHHS 3 BUKOPUCTAHHSIM MOIN(DIKOBAaHUX €JIEKTPOiB JO3BOJIUIN BCTAHOBUTH, 110 eeKT «akTupaii» HK
CsPbBr3 3a 1onomoro KopoTkoTpusaoro Y@ BUIPOMiHIOBaHHS 3a06e31edye OTPMMaHHS cTabinbsHoro EXJI

CUTHaJy 3i CIliBpeareHTOM TPUIPOIIiIaMiHOM, SIKUI BUCTYIIA€ B IKOCTi 6i0JI0TYHOI pEYOBUHU SIKA LETEKTYyEThCS.

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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