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Pedepar:

1. Inceprauiiina po60Ta IPUCBIY€Ha BUBYEHHIO OIITUKO-JIIOMiHECLIEHTHUX XapaKTEPUCTHUK CIIOJIYK rajaTiB MarHiwo i
uHKy (MgGa204, ZnGa204) 3i CTPyKTYpOIO LIIiHeJi Ta iXHiX TBEpAUX po3unHiB (Mgl-xZnxGa204, x = 0:1.0) npu
OJHOYaCHOMY JIETYBaHHI i0HaMM MapraHulo i 3 pi3HOI0 KOHLEHTpPALi€l0 i0HiB €BPOIIi0, BCTAHOBJIEHHIO POJIi
IedeKTiB KpucTasiyHoi rpaTku y pOpMyBaHHI LIEeHTPIB JIIOMiHeCLIeHIIii Ta Ipoliecax IepeHeCceHHs eHeprii
30ypKkeHHs. OTpUMaHi pe3ysbTaTy € BXJIMBUMHU, IIEPUI 32 BCE, IIPU 3aCTOCYBaHHI LIUX CIOJIYK SIK JJIOMiHOQOPiB
Pi3HOro KOJIbOPY CBiYeHHS. MeTonom X-IIpOMEHEBOI IUQPaKii i3 3aCTOCYBaHHSIM aHali3y PiTBesbga BCTAaHOBJIEHO,
110 YCi OTPMMAaHi KEpaMiKu BOJIOZIIOTh CTPYKTYPOIO LIIiHEi. 32 TOIIOMOIOI0 CIIEKTPOCKOIII] YaciB XXKUTTS
IIO3UTPOHIB y CTPYKTYPi AOCIIiIPKyBaHUX 3pa3KiB OysI0 BUSBJIEHO KaTiOHHI BaKaHCiHi Ta MyJIbTUBAaKaHCIHHi

IedeKTy, a TaKOX MigTBEPI’)KeHO BIPOBaIKeHHS i0HiB Eud+ y maTputiio mmninesi. [lokazaHo, 10 JoMiHeCleHITis



marpuui Ta ioHiB Mn2+ y crionykax MgGa204 i ZnGa204, nerosanux ioHamu Mn2+ Ta 0JJHOYaCHO JIETOBAHUX
ionamu Mn2+ i Eu3+, 30ymKyeTbcst B 0671aCTi Kpaio PyHIaMEeHTalbHOro NOorHaHHS. KepamMika TBepIoro po3ynHy
Mg0,5Zn0,5Ga204: Mn2+, Eu3+ nokasye Ha IOPSIOK BULLY iHTEHCUBHICTb 30y[)KEHHS CMYyTH JIIOMiHeCLeHIii
MaTpulli, 110 3yMOBJIEHO 3HAYHOIO KiJIbKiCTIO TOUKOBUX JedeKTiB. ¥ BCiX OHOYACHO JIETOBaHMX KepaMikax
mmnineset ionn Eu3d+ 30ypKyl0TbCsl B LIMPOKIil CMy3i, IOB's13aHill 3 nepeHeceHHaM 3apsany (O2--Eu3+) Ta By3pKux
JIiHisIX, 3yMOBJIEHUX BHYTPIIIHbOLIEHTPOBUMU epexonamu. CriekTpu ¢poTooMiHeceHLii ycix kepaMik rajaris,
OJIHOYACHO JIETOBaHUX ioHaMu Mn2+ Ta Eu3+, IeMOHCTPYIOTh CMYTH CBideHHs maTpuli (350-475 HM), ioHiB Mn2+
(475-575 uM) Ta Eu3+ (575-650 HM) nipu 36yIKeHHi B 06J1acTi Kpaio GyHIaMEeHTaIbHOTO MOTJIMHAHHS. BBeieHHs
ioniB Eu3+ Ta 36ispIIeHHs IXHbOI KOHI|EHTpALlil BIIJIMBAa€ HA IHTEHCHUBHICTb YCiX CMYT CBiY€HHS, IIPOTE HE 3MIiHIOE
ixHIO (OpMy Ta CIEKTpajibHe II0JIOXKEHHS. BCTaHOBIJIEHO, 1110 BEJIMYMHU KOHLEHTpallii eBpotlito 41 3 Mosb % €
ONTUMAJIbHUMU Y KepaMikax MgGa204: Mn2+, Eu3+ i ZnGa204: Mn2+, Eu3+ BifnoBigHo. 36i/1b1IEeHHS BMICTY iOHIB
Eu3+ npusBoguTh 10 N0caabeHHs iHTeHCUBHOCTI JIIOMiHeCLieH il MaTpulli OMHOYAaCHO JIETOBaHUX rajaTiB MarHilo
Ta UHKY. Y rajaTi Mardilo iHTEHCUBHICTb BUIIPOMIHIOBaHHS iOHIB Mn2+ 3pocTae npu BBeeHHi ioHiB Eu3+ i mocsrae
MaKCHMyMy I1pu KOHLIeHTpalii 5 MoJb %. HaToMicTb, y rajati LIMHKY iHTEHCUBHICTb CBiYeHHSI Mn2+ pi3ko crajae
[IpY BBEEHHI €Bpomnio. OTpUMaHi 3a71€5KHOCTI BKa3ylOTh Ha HAasBHICTb [IEPEHECEHHS €HEPrii MK MaTpuLelo,
ionamu Mn2+ ta Eu3+. BBeieHH4 i0OHIB €BpOIIi0 IPU3BOIUTE 40 3MEHIIEHHS [TOCTIMHOI 4acy 3aracaHHs
JoMiHecneHLii ioHiB Mn2+ i HigTBepKy€e NPUNYLIEHHS [IPO [IEPEHECEHHS €HEPrii MK i0HaMM aKTUBaTOpA.
[IpoBeneHi po3paxyHKM KOOPAMHAT HA XPOMAaTUYHUX JiarpaMax CBITHOCTI II0OKa3aju, 0 BCi KepaMiku
IEMOHCTPYIOTb Bapialilo KOJIbOPIB CBIYEHHS Bill CUHBOTO 10 Y4€PBOHOr0. 3MiHa KOJIbOPY CBIYEHHS MOXE
3IiMICHIOBATHCS 3MIiHOIO CKJIaAy KepaMiK Ta KOHLEHTPallil aKTMBAaTOpa. 3BaXKal04y Ha Lie, JOCIiIKyBaHi KepaMiku
rajiaTiB MarHilo, LMHKY Ta TBEPAUX PO34YMHIB Ha IXHil1 OCHOBI, OTHOYACHO JIeroBaHi ioHamu Mn2+ ta Eu3+,

3aIIpOINNIOHOBAHO OJI1 BUKOPDUCTAHHSA K .TIIOMiHO(I)OpiB 3 MOXKJIMBICTIO KOHTPOJIIO KOJIbOPY CBiYEHHS.

2. This thesis dedicated to investigate the effect of co-doping with Mn2+ and different concentration of Eu3+ ions
on the optical-luminescent properties of magnesium and zinc gallate compounds (MgGa204, ZnGa204) with spinel
structure and solid solutions of these compounds (Mgl-xZnxGa204), and to establish the role of crystal structure
defects in light emission and excitation energy transition processes for application of these compounds as
phosphor materials with multiple emission colors. The single phase spinel structure of all obtained ceramic
materials was testified by X-ray diffraction measurements with application of Rietveld refinement. Positron
annihilation time spectroscopy revealed cation vacancy and multi-vacancy defects in the structure of investigated
spinels and verified successful incorporation of Eu3+ ions into the spinel host. The luminescence of matrix and
Mn2+ ions in the MgGa204 and ZnGa204 compounds were found to be excited in the region of fundamental
absorption edge. The ceramics of the Mg0.5Zn0.5Ga204: Mn2+, Eu3+ solid solution exhibits an order higher
excitation intensity of the matrix luminescence band due to large number of structural defects. In all of the co-
doped ceramic samples the Eu3+ ions were excited in the broad charge transfer band (O2--Eu3+) and narrow lines
of intracenter transitions in Eu3+ ions. The photoluminescence emission spectra of all gallate ceramic samples co-
doped with Mn2+ and Eu3+ ions show emission bands of matrix (350-475 nm), Mn2+ ions (475-575 nm), and Eu3+
ions (575-650 nm). It has been shown that incorporation of Eu3+ ions and rising of their concentration affects all of
the observed luminescence bands. However, it changes neither character and spectral position. An optimal
concentration of europium ions was found for MgGa204: Mn2+, Eu3+ and ZnGa204: Mn2+, Eu3+ ceramics, taking
values approximately 4 and 3 mol.%, respectively. The increase of the Eu3+ ions concentration leads to
suppression of the matrix luminescence intensity in co-doped magnesium and zinc gallate compounds. However,
the emission intensity of Mn2+ ions increases with the introduction of Eu3+ ions and reaches a maximum around 5
mol.% in the magnesium gallate compound. The obtained concentration dependences indicate energy transfer
between the matrix, the Mn2+, and Eu3+ ions. The reduction of the luminescence decay constant of Mn2+ ions
after co-doping with Eu3+ ions confirms the assumption about the energy interaction between activator ions. The
coordinates of luminosity CIE (Commission Internationale de I'Eclairage) diagram were calculated and showed that
all ceramics exhibit variation of the emission color from blue to red. The color modification can be employed either
by changing the composition of gallate ceramics or by tuning concentration of activator ions. This reveals that



investigated ceramics of magnesium and zinc gallates together with their solid solutions co-doped with Mn2+ and
Eu3+ ions can be used for application as phosphors with possibility of controlling the emission color.
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