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Pedepar:

1. 3a gomomoroto sk cieundigyHUK, TaK i Hecrnenu@iYHUX ONTUYHUX Ta JIOMiHECIIEHTHUX CEHCOPIB aKTUBHUX (POPM
KUCHIO OyJia TOKa3aHa 3[]JaTHICTh HAHOKPUCTAJIB OPTOBAHAAATIB PiJIKiCHO3EMEJIbHUX €JIEMEHTIB 3HUIIYBATH 11i
MOJIEKYJIM Y BOOHUX PO3YMHAX Ta 6i0JIOTiYHUX CUCTEeMax Ta BCTAHOBJIEHU eTaJIbHUI MeXaHi3M Takoi
AHTUMOKCUJIAHTHOI [Iii JOCJIiI)KyBaHMX HAHOKPHUCTAJIiB. BCTaHOBIEHO MeXaHi3MU BIIJIUBY B3a€MOJii HAHOKPUCTAJIIB 3
Y®-BunpomMiHiOBaHHSIM Ta IIEPEKMCOM BOJIHIO Ha JIIOMiHECIeHI1il0 JOMIIIKOBUX iOHIB €BPOIIii0, T2 BCTAHOBJIEHO

MeXaHi3MU Cl)OT03H66apBJ'IeHHH HaHOKpI/ICTaJ'IiB Ta BIJIMBY PO3KJIaLdHHS IIEPEKNUCY BOOHIO Ha HOBerHi



HAHOKPUCTAJIIB Ha JIIOMiHECLEHTHI BJIACTABOCTI. 32 NOIIOMOT'0OI0 METO/IB JIIOMIHECLIEHTHOI CIIEKTPOCKOIIi]
BCTaHOBJIEHO MEXaHi3MH1 IIPOOKCUAAHTHOI Jiii HAHOKPUCTAJIIB, SIK Mix 6e3rnocepenHiM YO-0onpoMiHEHHSIM, Tak i y
«T€MHOBOMY» PE>KMMI ITiCJIsl oNepegHbOro ONIPOMiHEHHsI HaHOKpuUcTaiiB YO. [TokasaHo, 10 peoKC-BIaCTUBOCTI
HAaHOKPHMCTAJIiB OPTOBAHAATIB PiIKiCHO3€MEIbHUX €JIEMEHTIB 3aJI€XKaTh Bifl iXHbOTO po3mipy, AedeKTHO]
CTPYKTYPH Ta 30BHILIHIX YMOB, TaKUX K BiICYTHICTb Y1 IIPUCYTHICTL ONIPOMIHEHHS Ta MOT0 TUIL. Bu3HauyeHo
epeKTUBHICTb 6€3BUIPOMIHIOBAJIbHOTO IIEPEHECEHHS €HEePrii e1eKTPOHHOr0 30y/I>)KEHHsI Ta reHepallii akTUBHUX
(OpM KHCHIO B CUCTEMI «JlieJIeKTPUYHNY HAHOKPUCTaJl OPTOBAHAJIATy — MOJIEKyJla POTOCEHCUOINIZaToOp» SIK ¥
BOJHMX PO3UMHAX, TAK i Y MIKDOKOHTEHEpax KapOOHATY KaJbliilo Iif] BIVINBOM OITpoMiHeHHs. Ha mincrasi
[IPOBEEHUX JOCiIKeHb Ta 6a3yl0YMCh HAa BCTAHOBJIEHMX MEXaHi3Max peJoKC-aKTHBHOCTI 3a[IPOTIOHOBAHO MifAxonu
I0JI0 KEPYBAHHS PELOKC-BJIACTUBOCTSIMY HAHOKPUCTAJIB OPTOBAHAATIB PifJKiCHO3€MEJILHUX €JIEMEHTIB, Ta
MOXJIMBUX CIIOCOOIB IMOKPalIEHHs pefoKe-Aii HaHoMaTepiamiB. Kito4oBi c0Ba: fieIeKTPUYHNAY HAHOKPUCTAJ,

OPTOBAHAJATU PiKiCHO3€MEJIbHUX €JIEMEHTIB, JIIOMiHECL€HIIisl, KNCHEBI BaKaHCii, akTUBHiI (POPMHU KUCHIO.

2. In the thesis the methods of optical spectroscopy were used to study the mechanisms of formation of pro- and
antioxidant properties of dielectric rare earth orthovanadate nanocrystals REVO4 (RE = Gd, Y, La) and methods of
controlling the redox properties of nanocrystals using external influence and changing their structure was
established. The dependence of the structural, optical, and redox properties of rare-earth orthovanadate
nanocrystals REVO4:Eu3+ (RE = Gd, Y, La) on their size and the presence of dopant ions has been established.
Using optical methods, particularly luminescence spectroscopy, the time-dependent changes in the redox
properties of REVO4:Eu3+ (RE = Gd, Y, La) nanocrystals of different sizes in aqueous solutions have been identified,
along with the mechanisms of generation/neutralization of reactive oxygen species, both under direct UV or X-ray
irradiation and in its absence. The efficiency of non-radiative electronic excitation energy transfer and the
generation of reactive oxygen species in the "orthovanadate nanocrystal - photosensitizer molecule” system under
irradiation have been determined. Based on the conducted research and the experimental data obtained,
approaches to controlling the redox properties of REVO4:Eu3+ (RE = Gd, Y, La) rare-earth orthovanadate
nanocrystals have been proposed. It was shown that in (Gd,Y)VO4:Eu3+ nanocrystals (d=2 nm) due to their
structure, more than 60% of vanadium ions are presented on the surface of NPs in lower oxidation states, i.e. V4+
and V3+. The coexistence of three oxidation states of vanadium ions is responsible for the observed reactive
oxygen species scavenging activity of (Gd,Y)VO4:Eu3+ nanocrystals and, consequently, for their antioxidant
properties both in cell-free media and in a cell suspension. The main mechanism of H202 decomposition is
associated with CAT-like reactions that ensure the V4+/V5+ and V3+/V4+ redox cycling. Obtained experimental
data and their analysis allow to conclude on the mechanisms of Eu3+ luminescence quenching in Eu3+-doped
GdVO4 nanocrystals in water solution after exposure to H202: the decrease in the efficiency of non-radiative
resonance energy transfer through the vanadate VO43- groups to Eu3+ ions due to the scattering effect of V4+
ions and the direct quenching of Eu3+ luminescence by -OH groups formed at the surface as a result of
decomposition of H202. The analysis of the redox properties of nanocrystals in different conditions (UV- and X-
ray irradiation, lipid autoxidation) allows their Janus-faced redox activity to be revealed for the first time. It has
been shown that pro- or anti-oxidant activity depends on external conditions (presence or absence of irradiation
and its type). At UV irradiation, nanocrystals increase sufficiently the reactive oxygen species amount in the water
solutions and lipid suspensions. At X-ray irradiation and in lipid autoxidation experiments nanocrystals
demonstrate reactive oxygen species scavenging ability. Obtained experimental results allow the complex non-
linear pattern of hydroxyl radical generation dynamics at UV irradiation of small (Gd,Y)VO4:Eu3+ nanocrystals to
be ascribed to two competitive mechanisms associated with hydroxyl radicals scavenging and production,
respectively. The first slower part in the hydroxyl radical generation curve is associated with a predominate radical
scavenging mechanism, the second faster part in the hydroxyl radicals generation curve is associated with a
photo-catalytic action of (Gd,Y)VO4:Eu3+ nanocrystals. It was shown that REVO4:Eu3+ (RE = Gd, Y, La)
nanocrystals exhibit pro-oxidant activity even in the absence of UV light (in the dark). The efficiency of superoxide
and hydroxyl radical generation correlates with the size of nanocrystals and, consequently, the concentration of
surface defects, especially oxygen vacancies. It was shown that doping with Eu3+ ions do impacts on the dark



reactive oxygen species generation ability of small (Gd,Y)VO4:Eu3+ nanocrystals. UV-light pretreatment of the
(Gd,Y)VO4:Eu3+ nanocrystals causes sufficient changes in their characteristic fluorescence spectrum that was
ascribed to the Eu3+/Eu2+ reduction. Electrons stored in Eu2+ participate in electron transfer reactions with the
production of superoxide radical. It was shown that small (Gd,Y)VO4:Eu3+ nanocrystals possess redox activity, and
this redox activity can be triggered by altering conditions of nanocrystals pre-treatment. Nanocrystals, which were
exposed to UV light before the experiment, reveal strong pro-oxidant activity. Key words: dielectric nanocrystal,
rare-earth orthovanadate, luminescence, oxygen vacancies, reactive oxygen species.
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Biacue IlpisBume Im'st [To-6aThKOBI Copoxit Osnexcanap Bacuibosid

rOJIOBH pagu

BiacHe IIpizBumie Im's I[1o-6aTbKOBI Copoxin Onexcannp Bacunbosud

rOJIOBYIOYOTO Ha 3aciJaHHi

Bi,I[HOBi,I[aJIbHHfI 3a IIi,ZII‘OTOBKy COpOKiH OﬂeKcaH,ﬂp BacunboBuy

00JIiIKOBUX JOKYMEHTIB

PeecTparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




