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Pedepar/anoTamis:

1. PoboTa npucBsueHa OTPUMAHHIO Ta JOCiIKEHHIO (POTOIIOMIHECLIEHTHUX BIIACTUBOCTEN HEJIETOBAHUX Ta
JIETOBaHUX HAaHOKPUCTAJIiB OKCUAY LIMHKY, OTPUMAHUX METOJIOM XiMiYHOTO OCa/I>)K€HHS, J151 OITOEJIEKTPOHIKH,
CEHCOPUKHU Ta 6ioMeIMYHOro 3acToCcyBaHHS. OkpeMa yBara OyJia npujisieHa LoCiI>KeHHIO [IPOLeciB akTHBallii
BUIIPOMIHIOBAJIbHUX NI€PEXO/IiB IPY B3a€MOZii HAHOYACTUHOK 3 iOHaMU BaXXKMX METaJIiB, 110 € HEOE3[eYHUMU J1s1
TOBKIJIJISt TA 30,0POB’Sl JIIOAUHU. 32 BEJIMUMHOIO 3CYBY Kpalo (PyHIAMEHTAJIbHOTO [IOTJIMHAHHS B OPIBHSIHHI 3
00'€MHIMU KPUCTAJIaMU PO3PAXOBaHO CepelHi po3Mipy KPUCTAJIITIB, SIKi [J18 eKCIIEepPUMEHTAJIbHUX 3Pa3KiB JIeXXaTh B
IianazoHi 3.5 - 7 HM. OTpuMaHi po3mipu gobpe criBnazaoTb 3 pe3yJbTaTaMu AOCIiIPKeHb, OTPUMaHUMU 32
IOTIOMOTOI0 CKaHYI04Oro eJ1eKTPOHHOro Mikpockony (CEM), ne 3agikcyBaHe yTBOPEHHSI HAHOKPUCTAJITIB pO3MipoM
10 10 uM. [TokasaHo, 10 Ha pO3Mip HAHOKPUCTAJIITIB BIIJIMBA€E KOHLEHTpalis npekypcopis (ZnSO4 ta KOH) Ta

IIPUCYTHICTB cTabinizaTopa. «1epBoHUI 3CyB» Kpaio (PyHIAMEHTaJbHOIO IIOIJIMHAHHS IIPU JIeTYBaHHI



HaHOKpUCTasiB ZnO AoMillKaMy BaXXKKUX MeTajliB 00yMOBJIEHU 361IbIIEHHSM PO3MipiB HAHOKPUCTAJITIB yepes
BHECEHHS JOIaTKOBOI eHeprii 3apoAKOyTBOPeHHs! IpU nudy3ii i0HIB BaXKKMX MeTaJIiB B MiArpaTKy LUHKY. [TokazaHo
MOJKJIUBICTb JIETYBaHHS HAHOKpHUCTaiB ZnO B IIPOLECi BUPOLIYBAHHS METOOM XiMIYHOTO CIiBOCAIPKEHHS LIJISIXOM
II0JABaHHA BOOHUX PO34MHIB cosliel MeTasliB — esniemeHTiB II-1II rpynu Ta nepexigHux eJ1eMEHTIB 10 po3unHy ZnSO4.
JleryBaHHS iOHaMU TIE€PEXiAHMX €JIEMEHTIB CYIIPOBOIKYETHCS 3MiHOIO KOJIbOPY HAHOKPUCTAJIIB, 1110
HiATBEPAKY€EThCS HASIBHICTIO JIiHIN ONITUYHOTO IIOTJIMHAHHS Y BULKUMIi obsacTi ciektpy. Ha npuxiani
HaHOKpHcTasiB ZnO:Fe nokasaHo 1o6pe y3roJKeHHs eHePrill BHyTPUIIHbOLIEHTPOBUX IIEPEXOLiB B MEXKaX iOHy
Fe2+, oTpyMaHuX MO CIEKTPAM ONTUYHOTO MOTJIMHAHHS Ta GOTOIIOMIHECLIEHIIil 3 TEOPETUYHUMU PO3PaxyHKaMu
€HepreTUYHUX CTaHiB ioHy Fe2+, oTpruMaHuMU B HAGIVDKEHHI €J1a6KOT0 KPUCTAIiYHOTO I10J1s1 (HE3HAYHOTO
KPUCTaIiYHOTO OTOYeHHs). JlocimpkeHHs poTosoMiHecLeHLii HaHOKpucTasiB ZnO, OTPUMaHUMU METOJIOM
XiMIYHOTO CIiBOCAPKEHHSI, BUSIBUJIO HASIBHICTh €()EKTUBHOTO BUIIPOMIHIOBAHHS B y/IbTPa(ioseTOBil Ta BULUMIN
o6s1acTax crekrpy. [TosoxeHHs JiHil yipTpadioseTOBOro BUNPOMiIHIOBAHHS KOPEJIIOE 3 TI0JIOKEHHSIM Kpako
dyHIAMEHTaJbHOTO NOIJIMHAHHS | 00yMOBJIeHe BUIIPOMiHIOBAJIbLHUMU I1€PEX0JaMU 33 Y4acTIO €eKCUTOHIB 3B'sI3aHUX
Ha JOHOPAaX, aKleNTopax Ta peKOMOiHal[ifHUM BUIIPOMiHIOBAaHHSIM Yepe3 Mijki JoHopu. Bugyume BUIIPOMiHIOBAaHHS
HaHOKpUCTaJiB ZnO, OTpPUMaHUMU METOJIOM XiMiYHOTO CIiBOCA/I>)KEHHS, XapaKTEPU3Y€EThCS IUPOKUMU
HeeJleMEHTapHUMU CMYraMy BUIIPOMiHIOBaHHSI B GJIaKUTHIM i ToMapaHueBO-4€PBOHiH 061acTsx. Po3kiagaHHs 1ux
CMYyT Ha eJIEMEHTapPHi rayCoBi CKJIa[j0Bi O3BOJIMJIO BUAJIUTY CEPII0 €JIEMEHTAPHUX JIiHIl BUIIPOMiHIOBAHHS,
JIoKasnizoBaHux Ha 2.82, 2.72, 2.62, 2.5, 2.37, 2.3, 2.17, 2.06 Ta 1.88 eB. BcTaHOBJIEHO, IO Hi TEXHOJIOTIYHI YMOBU
CUHTEe3y (PO3Mip HAHOKPHUCTAJITIB), Hi TEMIIepaTypa HAHOKPUCTAJIIB He BIUIMBAE HA CIIEKTPAJIbHE PO3TALIyBAHHS
LIMX JIiHi#. BinCcyTHICTb JiHii ONTUYHOrO NOTJIMHAHHS Y BUAMMIN 06J1acTi CIIEKTPY CBIIYUTD [IPO BJIACHO-IePEKTHY
[IpUPOJY 3a3HAYEHMX JIiHIM BUIIPOMIiHIOBaHHS. KpyMBi TeMIIepaTypHOi 3aJ1€KHOCTi IHTEHCMBHOCTI BUIIPOMiHIOBaHHS
B GJIAKUTHII, >)KOBTO-3€JI€Hii1 Ta TOMapaHYeBO-4Y€PBOHIl 06J1aCTsIX, [IpeCcTaByleHi B KoopauHaTax In(I) Big 1/T
MICTSITb IBi JiHINHI OinsSHKY, 10 € CBiIYEeHHSIM TOTO, 10 JOCJiIKyBaHi JIiHil BUIIPOMiHIOBaHHS OOYMOBJIEH]
BUIIPOMIHIOBaJILHUMU [I€PEXOJAMU B MEXKaxX JOHOPHO-aKLENTOPHUX ap. [1o Kyram Haxuily JIiHIMHUX AiJISHOK
BM3HAYyaJMCh IJIMOUHY 3aJISITaHHS T, BifIIOBITHO, IPUPOIA LIEHTPIB, BiIOBifaTIbHUX 332 BUIIPOMiHIOBAaHHS. JIiHii
BUIIPDOMIHIOBAHHS B 06JIaKUTHIN 0671acTi ciekTpy (2.82, 2.72, 2.62 €B) 06ymoBII€Hi BUIPOMiHIOBaJIbHUMU
IepexojlaMuB MeXKax HEeUTpaJbHUX acoLliaTUBHUX LeHTPiB (Zni0, Oi0)* 3 pisHUMU BificTaHIMU MK JOHOpaMH i
akuentopamu. JKoBTo-3esieHe BUIIPOMiHIOBaHHS (JiHii Ha 2.38 Ta 2.3 €B) 06yMoOBJIeH] epexofamu 3a y4acTio
OJIHO3apsIIHUX MDKBY3€JIbHUX aTOMIB IIMHKY Ta KMCHIO (Zni-, Oi-)*. YepBOHO-TIOMapaH4Y€Be BUNIPOMIHIOBAHHS (JIiHii
2.17,2.06 Ta 1.88 eB) 06yMOBJI€HO TIEpeX0IaMH 32 YYaCTIO 1BO3aPSAHUX MIDKBY3JIOBUHHUX aTOMIB LIMHKY i KUCHIO
(Zni2+, Oi2-)*. B mocnigKyBaHUX 3pa3kax HalIOMMPeEHila cepel, 06'eMHUX KPUCTaliB Ta HAHOCTPYKTYP JIiHis
3€JIEHOT0 BUIIPOMIHIOBAHHS Ha 2.5 €B Mae HaliMeHIy iHTeHCUBHICTb. Lle MOsSICHIOEThCS TUM, 1110 BaKaHCIi UHKY, 110
BXOZSTh 10 CKJIaAy LeHTpiB (Zni0, VZnO0)*, BinnosiganpHUX 3a 1110 JIiHiI0, IIPY BUCOKMX KOHIIEHTPALisIX IPEKYPCOpIB
[IepEBAKHO 3al0BHEHI. [T0Ka3aHo, O IeTyBaHHS BAXKKMMU METAJIaMU 32 MAJINX KOHLEHTPALil JIETYI040i JOMIIIKU
IIPU3BOJUTS JIUIIE [0 E€PEPO3IOLiNly iIHTEeHCUBHOCT] €J1eMEHTAPHYX JIiHiil BUIPOMIHIOBAHHS, 1[0 OOYMOBJIEHO
3MiHOIO KOHLIEHTpALlill BXXe iCHYI0UMX BJIACHUX IE€(MEKTIB, IEPEBAXXHO Mi’KBY3JIOBUH HUX aTOMIB IJMHKY Ta KUCHIO.
[Ipy4oMy OCHOBHMM NapaMETPOM BUCTYIIA€ iIOHHUI PO3MIp Ta 3apsf, BiAIOBIIHOTO aTOMYy AOMIIIKY. 1Ig Bl1acTUBICTD

BUKOPUCTAaHA IPU po3pOOILi JTIOMIHECIIEHTHUX CEHCOPIB i0HiB Ba)KKUX METaiB.

2. The work is devoted to the obtaining and study of the photoluminescent properties of undoped and doped zinc
oxide nanocrystals obtained by the method of chemical deposition for optoelectronics, sensors and biomedical
applications. Special attention was paid to the study of emission transitions activation processes during the
interaction of nanoparticles with heavy metal ions, which are dangerous for the environment and human health.
The average crystallite sizes were calculated from the shift of the fundamental absorption edge compared to bulk
crystals, which for experimental samples lie in the range of 3.5-7 nm. The obtained sizes agree well with the results
of studies obtained using a scanning electron microscope (SEM), where the formation of nanocrystallites up to 10
nm in size was recorded. It was shown that the size of nanocrystallites is affected by the concentration of
precursors (ZnSO4 and KOH) and the presence of a stabilizer. The “red shift” of the fundamental absorption edge
when doping ZnO nanocrystals with heavy metal impurities is due to an increase in the size of nanocrystallites due



to the introduction of additional nucleation energy during the diffusion of heavy metal ions into the zinc sublattice.
The possibility of doping ZnO nanocrystals during the growth process by chemical coprecipitation by adding
aqueous solutions of metal salts - elements of groups II-1II and transition elements to the ZnSO4 solution is shown.
Doping with transition element ions is accompanied by a change in the nanocrystals color, which is confirmed by
the presence of optical absorption lines in the visible region of the spectrum. The example of ZnO:Fe nanocrystals
shows a good agreement of the energies of intracenter transitions within the Fe2+ ion, obtained from the optical
absorption and photoluminescence spectra, with theoretical calculations of the energy states of the Fe2+ ion,
obtained in the weak crystal field approximation (insignificant crystal environment). A study of the
photoluminescence of ZnO nanocrystals obtained by the chemical coprecipitation method revealed the presence
of effective radiation in the ultraviolet and visible regions of the spectrum. The position of the ultraviolet emission
lines correlates with the position of the fundamental absorption edge and is due to emission transitions involving
excitons bound to donors, acceptors, and recombination radiation through shallow donors. The visible emission of
ZnO nanocrystals obtained by chemical co-deposition is characterized by broad non-elementary emission bands
in the blue, green and orange-red regions. The decomposition of these bands into elementary Gaussian
components allowed us to isolate a series of elementary emission lines localized at 2.82, 2.72, 2.62, 2.5, 2.37, 2.3,
2.17,2.06 and 1.88 eV. It was found that neither the technological conditions of synthesis (the size of
nanocrystallites) nor the temperature of the nanocrystals affect the spectral location of these lines. The absence of
optical absorption lines in the visible region of the spectrum indicates the intrinsic defect nature of these emission
lines.
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