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1. CTpyKTypa Ta BJIaCTUBOCTI IapaMarHiTHUX LIEHTPIB y IINPOKOLIIJIMHHNAX MaTepiasax Ha OCHOBI allaTUTIiB, OKCULIB
Ta A2B6

2. Structure and properties of paramagnetic centers in wide-gap materials based on apatites, oxides, and A2B6

Pedepar:

1. 1. MeToto po60TH 6yJ10 BU3HAUYEHHS TPUPOH, BIACTUBOCTEN Ta €BOJIIOLII TapaMarHiTHUX JedeKTiB y
CBITJIOBUIIPOMiHIOBQJIbHUX Ta PafiialliiHO-4yTINBUX LIMPOKOUIIIMHHUX MaTepiasax, a TAKOXK O0I'PYHTYBaHHS
(i3sMYHMX OCHOB BUKOPUCTaHHS LIMX 1e(EKTIB B SIKOCTi 30HAIB CTPYKTYPU JOCi)KyBaHUX MaTepiaiiB. O6'eKToM
IOOCJiIKeHHs OyJIM MapaMarHiTHi fe(eKTy y IMPpOKOLIIMHHUX MaTepiasax Ha OCHOBI rinpokcuianarurtis (['AlT),
okcupiiB Ta A2B6. B po60Ti BUKOPHCTAaHO pajlioCIIEKTPOCKOIIIYHI (€JIEKTPOHHMI TapaMarHiTHUI pe30HaHC,
ONTUYHO-AEKTOBAaHUI MarHiTHUI pe30HaHC, OABIITHUI €JIEKTPOHHO-SIIEPHUN PE30HAHC), ONITUYHI
(poromominecueH s, KOMOiIHALIIHE PO3Cil0BaHHS CBIiTJIa), CTPYKTYPHI (IA(paKLis peHTIeHiBCbKMX IIPOMEHIB,
CKaHYyI04a eJIEKTPOHHA MiKPOCKOIIisl), €JIEKTPUYHI (BOJIbT-aMII€PHI XapaKT€PUCTUKM) METOAM NOCIiIKEHHs. [lyis
MOJIeJIIOBaHHS CIIEKTPIB 3aCTOCOBYBasucs nmporpamu Symphonia 3 nakery WinEPR xomnanii Bruker, Separator i3



naketa Visual EPR Ta Origin. HaykoBa HOBU3Ha OJI€P>)KaHUX PE3YJIbTATIB [OJISITA€ Y TOMY, IO BIEPILIE BUSBJICHO
pagianiiHo-iHnyKoBaHi neHTpu B ['All 3 nomimkamu HiTpaty ((N)['AIT) a6o ofHOYacHO KapOoHATY Ta HIiTpaTy
((C,N)L'AIT): NO32 (1), NO32 (1I), NO32-(Ill), NO32-(1V), NO32-(V), Ox-; BuU3HA4€HO iX PalioCIIeKTPOCKOIiYHi
napameTpu, CTPYKTYpPY, Me€XaHi3MU YTBOPEHHS Mif BIUIUBOM O- i YP-onpomiHeHHs Ta TpaHcdopmalii npu
TEPMOOOPOOLLi; BUSIBJIEHA CEJIEKTUBHA reHepallis napamarHitHux neHTpiB NO32 i CO2- B (C,N)['AI B 3ayexXHOCTI Bif,
eHeprii KBaHTa 30BHIIIHbOTO onpoMiHeHHs (YO 4u 0); nokasaHo, 1o panianifiHoo yyTausicTio Al Mo>KHA KepyBaTu
3a IOTIOMOTIOI0 MOIEPEIHIX Bifalis, a onTuManbsHow0 14 EINP nosumertpii € peectpauisa curHany neHrpis CO33 'y
(C)rAll, Bignanenomy npu 7000C; BUSIBIEHO XapaKTE€PUCTUYHUIN [TAPAMETP, a CamMe BiITHOMIEHHS KiJIbKOCTI
akcianbHUX 10 opTopoMbiuHKK CO2 LIeHTPiB, BEJIMYMHA SKOTO 3aJIEXKUTD Bifl BiKy BUKOITHOTO 6iosiorigHoro ATl
(3ybHa emauib) i He 3aJ1€XKUTH Bif, IOTYXHOCTI 403U, 1110 BiIKpUBAa€ HOBI MOXKJIMBOCTI y JaTyBaHHI I1aJIEOHTOJIONIYHUX
3HaXilOK; TI0Ka3aHo, W0 NOKPUTTS i3 cuHTeTn4HOoro (C)I'All, oTpumMaHi B Ipoleci feTOHALTHOTO HAllUJIEHHS, €
CYMIIIIIIO JBOX XiMiYHO 6JIM3BbKUX CIIOJYK: allaTUTY i TeTpakabLiiidpocdary, IpuuoMy BilHOCHI BHECKU LuX a3
3aJIeXKaTh Bifl TEXHOJIOTIYHUX YMOB BUPOOHUIITBA [IOKPUTTS, a IlepeTBOpeHHs! cTpyKTypu ['All y npoueci HanuieHHs
BiZIOYBaIOTHCS [1EPEBAXXHO B3[I0BXK OCi 6-r0 NMOPSAKY Ta B ii HANI6IMKYOMY OTOUYEHHI; BUSIBJIEHI HETPUBiabHi
ocobsmBocTi cniektpiB KPC I'ATl noKpuTTiB (Mpoka cMyra B gianasoHi Bif 1000 go 4000 cm-1; iHTeHCUBHI cMyry Ha
5000 i 5027 cm~-1), sKi iHTEpIIPETOBAaHO B paMKax yHipiKOBAaHOTO TEOPETUYHOTO MiZXOAY SIK pe3yJIbTaT KOMIIJIEKCHOI
aHrapMoHiyHoi B3aeMozii Mk PpyHAameHTanbHUM KonuBaHHIM OH, poHOHamMu rpaTku Ta 06€pTOHOM 3THHAJIBHUAX
KOJIMBaHb; BU3HA4YEHI [IapaMeTpu criHoBoro I'aminbToHiaHa fj1s ioHiB Mn2+ y kpucraniyHux (pazax Mg2TiO4 ta
MgTiO3, mo fano iHCTpYMEHT 17151 aHali3y (Pa30BOro CKjaly 6araTOKOMIIOHEHTHUX KePaMiK; BCTAHOBJIEHO
3aKOHOMIPHOCTI po3noainy Mn B BApUCTOPHiN Kepamili ZnO:Mn, a TaKOXK IPOJAEMOHCTPOBAHO MOXKJIUBICTh
KEpPYBaHHs PO3MOAiJIoM Mn y TOTOBI KepaMilli 3a JOIIOMOIOI0 JOJATKOBUX TEPMIYHMX BiATasis;
IIPOJIEMOHCTPOBAHO, 11O JIETyBaHHSI MaHraHOM B npoleci KosoinHoro pocty CdS:Mn HaHOYACTHMHOK CHOBIIBHIOE iX
picT; OKa3aHo, 0 apaMarHiTHi LeHTpu Mn2+ MOXHa BUKOPUCTOBYBATH B SIKOCTi 30HY [1J1 BUBHAUYEHHS BKJIALy
Pi3HUX MOJITUIIB NIPY 3MilIaHO-TIOJIITUIIHINA CTPYKTYpPi MiKDOHHUX Ta CyOMIKPOHHMX NOPOILKiB ZnS. B HaHO-ZnS 3a
IOIIOMOTO10 BUBYeHHS curHany EITP Bin Mn2+ BusIBIEeHO HEJIOKAJIbHI HENIapaMarHiTHi Ae(eKTH — I1aHapHi
nedeKTy NaKyBaHHS Ta [10Ka3aHo, 1[0 BOHU € TUTIOBUMHU AedeKTaMU I'PAaTKu [j1s1 KyO6idyHOro HaHO-ZnS. [TpakTuyHa
3HAUYLIiCTh OZIEP>KaHUX Pe3yJIbTATIB [10JIsIrae y TOMY, 110 6yJio 3anpornoHoBaHo matepiai ((C,N)['AIT) niist cTBOpeHHS
CEJIEKTMBHOTO JIeTEKTOpa pafialliiHOro OIPOMiHIOBaHHS, TOOTO TAKOT0, SIKUI [03BOJII€ BUOKPEMIIIOBATH BIJIUB
Y®- ta n-onpoMiHeHHs1. 3alIPOIIOHOBAHO CNIOCi6 ceHcubinizanii no3umerpruynoro marepiany ((C)I'AIT), a came
[IOKa3aHo, 10 HAaNO6IIbINH JO3NMETPUYHNM BiI'yK MaTepiasy MO>KHA OTPUMATH, BUKOPHUCTOBYIOUM CUTHAJI Bif
CO33- pentpis B (C)I'ATl, nonepenHbo BignaneHux rnpu 7000C. Po3pobisieHo (isudHi OCHOBU [1J11 HOBOTO METOLY
EINP-patyBanHs BUKONHUX ['All-MiCTKMX N1aJI€OHTOJIOTIYHMX 3HAXiLOK. Lleir MeTo, BiIbHUM Bif HELOJIIKA,
IIPUTaMaHHOrO Binomomy meTtony ETIP natyBaHHS, a came, He IOTPedye BUKOPUCTAHHS BEJIMYMHU PiYHOI 1031
OIIPOMiHEHHSI Ta OAATKOBOTrO JOOIPOMiHEHHS. [1eHTUPIKOBaHO TEXHOJIOTIYHI (PaKTOpHU BILJIMBY Ha AeEKTHY
CTPYKTYpYy 6i0CyMiCHUX IIOKPUTTIB, OTPUMAHUX METOJ0M feToHauiHoro HanuseHHs C(CAIT). [IpogeMOHCTpOBaHO
MOXJIMBICTb BUKopucTanHs EIIP curnany Big Mn2+ 1151 ekcripec-aHaisy (pa3oBoro CKaaly MiKpOIOPOUIKiB
3MIIIaHO-TIOJIITUIIHOTO Cy/IbQiAy UMHKY, & TAKOX [JIs1 BUSIBJIEHHS JIOKAJIbHUX CIIOTBOPEHb KPUCTAJIYHOI IpaTKu

(myaHapHi nedexT) B HAaHO-ZnS.

2. 2. The purpose of the work was to determine the nature, properties, and evolution of paramagnetic defects in
light-emitting and radiation-sensitive wide-gap materials, as well as to substantiate the physical basis for using
these defects as structural probes in the materials under study. The objects of the research were the paramagnetic
defects in wide-gap materials based on hydroxyapatites (HAP), oxides, and A2B6. Radiospectroscopic (electron
paramagnetic resonance, optically detected magnetic resonance, double electron-nuclear resonance), optical
(photoluminescence, Raman), structural (X-ray diffraction, scanning electron microscopy), electrical (volt-ampere
characteristics) methods were used in the research. For spectra simulations the following instruments were used:
Symphonia from the Bruker WinEPR package, Separator from the Visual EPR package, and Origin. The scientific
novelty of the obtained results is: for the first time radiation-induced centers in nitrate-containing HAP ((N)HAP)
or carbonate-nitrate-containing HAP ((C,N)HAP) were observed, they are: NO32 (I), NO32 (1), NO32-(IlI), NO32-



(IV), NO32-(V), Ox-; their radiospectroscopic parameters, structure, mechanisms of o- and UV-induced formation of
centers, transformations of centers under heat treatment were determined; selective generation (depending on
the energy of the quantum of external irradiation (UV or o)) of NO32- and CO2- paramagnetic centers in (C,N)HAP
was proved; possibility to control radiation sensitivity of HAP by preliminary annealing is shown; optimal
conditions for EPR dosimetry, namely, registration of CO33 centers signal in (C)HAP annealed at 700°C, were
proposed; characteristic parameter - the ratio of axial to orthorhombic CO2 centers amounts - was found, its
value depends on the age of the fossil biological HAP (tooth enamel) while does not depend on the dose rate, thus
providing new possibilities for fossils dating; it is shown that the synthetic (C)HAP coating obtained by detonation
spraying is the mixture of two chemically close compounds: apatite and tetracalcium phosphate, relative
contributions of these phases being dependent on the technological conditions of deposition. Transformations of
HAP structure occur predominantly along the 6-fold axis and in its close vicinity; nontrivial vibration features of
the Raman spectra of HAP coatings are revealed (the broad band in the range of ~ 1000-4000 cm-1 and intense
high-frequency bands at 5000 and 5027 cm-1), they were explained using the unified theoretical approach as the
result of a complex anharmonic interaction between the fundamental vibration of OH, lattice phonons and
overtone of bending vibrations; the parameters of the spin Hamiltonian for Mn2+ ions in Mg2TiO4 and MgTiO3
crystalline phases were determined, which provides a tool for analyzing the phase composition of multicomponent
ceramics; regularities of Mn distribution in ZnO:Mn varistor ceramics were established, and the possibility of
controlling Mn distribution by additional thermal annealing was demonstrated; manganese doping in the process
of colloidal growth of CdS:Mn nanoparticles was shown to slow down their growth; it was proved that Mn2+
paramagnetic centers can be used as a probe to determine the different polytypes content in the mixed-polytype
structure of micron and submicron ZnS powders. In nano-ZnS, by studying the EPR signal from Mn2+, non-local
non-paramagnetic defects - planar packing defects - were revealed and shown to be typical lattice defects in cubic
nano-ZnS. The practical significance of the obtained results is the following: (C,N)HAP was proposed for
fabrication of selective detectors of electromagnetic radiation, i.e., the detectors distinguishing UV- and o-rays
exposures. The method to sensitize (C)HAP dosimetric material is proposed, namely to pre-anneal (C)HAP at 700°C
and to use the signal from CO33 centers for registration. The physical basis for a new EPR dating method of HAP-
containing fossils has been developed. This method is free from the drawback inherent to the well-known EPR
dating method, namely, it does not require neither additional irradiation of the samples nor determining the
annual radiation dose. The technological factors affecting the defects subsystem of biocompatible coatings
produced by (C)HAP detonation spraying have been identified. The possibility of using the EPR signal from Mn2+
for express analysis of the phase composition of micropowders of mixed-polytype zinc sulfide, as well as for
detecting local distortions of the crystal lattice (planar defects) in nano-ZnS, has been demonstrated
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