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2. Nanocrystals of inorganic halogen-containing perovskites with stable luminescence and scintillation parameters

Pedepar:

1. Incepraliiio MprucBsi9eHO BU3HAYEHHIO, CTabiizamii Ta MOMNIIeHHI0 ONTUYHUX Ta COUHTUIISLIHHNX
BJIACTMBOCTE HAHOKPUCTAJIIB raJIOTeHiTHUX NepoBchKiTiB CsPbX3 (X= Cl, Br, I) y cknaai nosiMmepHux
KOMIIO3ULiITHMX MaTepiaiB [Jj1s 0ablIoro NPakTUYHOrO BUKOPUCTaHHS. Po3po6sieHo HOBI XiMiuHI nigxonu njs
CTBOPEHHS HAHOCTPYKTYPOBaHUX KOMITO3ULIITHMX MaTepiaiB 3 moMiHecLeHuielo (370-510 HM) Ha ocHOBi CsPbX3 i
Pi3HUX MOJIiIMEPIB Ta BU3HAYEHO ONTHUMAaJIbHi KOHLEHTPAllil HAHOKPUCTAJIIB y KOMIIO3UTAX. Y MEPLUIOMY PO3[Iisi
[IOKa3aH aHajli3 JiTepaTypHUX JKepeJl, 110 BKadye Ha HEOOXiAHICTb JeTaybHIMX AOCIiIpKeHb o0 cTabinizarii
HaHoKpucTainiB CsPbX3 (X= Cl, Br, I) y nosimepHux Marepiasiax Ta BU3BHAa4Y€HHS iX JIIOMiHECLIEHTHUX i
CUMHTWISLIIHUX BIaCTUBOCTEN. [I7151 iboro 6y BU3HAYEHi TaKi OCHOBHI 3aBJIaHHS, SIK PO3POOKa METOLY

OTpUMaHHs HaHOKpucTasiB CsPbX3, amanranis MeTOIMK BBeleHHSI HAHOKPUCTAJIB y [TOJIiIMEPH Ta BU3HAYEHHS



OINTUMAJIbHUX KOHLIEHTPALill, BUBUEHHS JIIOMIHECLIEHTHUX BJIACTMBOCTEN MaTepialiB, OLjiHKA BIJIMBY 30BHIIIHIX
YMHHMKIB HA CTAOIbHICTh HAHOKPUCTAJIIB Ta BUBHAUYEHHSI CHUHTWISII[IHHNX TapaMeTPiB KOMITO3UIINHUX
marepiasis. Y Ipyromy po3spisi onmucaHo afanToBaHi Ta po3po6JieHi METOOUKNA OTPUMAaHHS HAHOKPUCTAJIIB i
KOMIIO3ULIMHUX MaTepiasiB, BCTAHOBJIEHO 3aKOHOMIPDHOCTI BBEJ,€HHS HAHOKPHUCTAJIIB [0 NI0JIiMePiB. BusiBiieHo,
MOBEJiHKY MOBEIHKY IIOJIMEPHUX METEPialiB y TAKMX PO3YMHHMKAX, SIK BOJA, TOJIYOJI Ta XJ10podopM. [IpoBeneHnit
€KCIIEPMMEHT I10Ka3as, 110 XJI0p0odOPM IOLIKOAXKYE MOJIMEPHY CTPYKTYPY, TOMY He IiIXOOUTh [1J11 BUTOTOBJIEHHS
KOMIIO3ULiITHMX MaTepiaiiB. B TpeTboMy po3#isi OTpMMaHo Kos0igHi po3unHy HaHoKpucTasniB CsPbCl3, CsPbBrCl2,
CsPbCIBr2, CsPbBr3, CsPbIBr2, CsPbBrl2 3 iHTeHCHBHOIO JIIOMiHECL€HLIi€10, siIKa Mae MakcumymMu 406 HM, 435 HM,
488 M, 512 HM, 530 HM Ta 534 HM BiANOBiIIHO. BUMipIOBaHHS ONTUYHUX BIACTUBOCTEN MOKA3aJH, IO CTAbiIbHICTD
JIIOMiHECLIEHIIil 3MIHIOEThCS Yepes arjioMmepaliito, Nerpagalito, OCaI>KEHHS Ta BUMUBAHHSI HAHOKPUCTAIIB.
Arsiomepaliis CripuyMHse 3CyB MaKCUMYMY JIIOMiHECLIEHIIii B YepBOHMY Jiana3oH, a OCaIyKeHHs 1 Jerpagauis
3HVKYIOTh IHTEHCHBHICTb Ye€pe3 3MEHIIEHHS KiJIbKOCTI KDUCTAJIB y pO34MHi. B yeTBepTOMY pO3Aii
€KCIIepUMEHTAJIbHO BU3HAUYEHO ONTUMAaJIbHI KOHLIEHTPAllii HAHOKPUCTAJIIiB IEPOBCHKITA B KOMIIO3ULIHHUX
Marepianax. Byyo BU3HauU€HO BIIJIMB 30BHIIIHIX (PaKTOPIB, TaKUX SIK CBITJIO Ta TEMIIEPATypa, HA ONTUYHI BJACTUBOCTI
HaHOKPMCTaJIiB y KOMIO3ULIIHUX MaTepianax. BusiBieHo, 0 BKOPUCTAHHS M0JliaKpujaTa 5K OCHOBU J1J1s1
KOMITO3ULiITHMX MaTepiaiB MoKpallye cTabisibHiCTh HAHOKPHUCTAJIIB, 3a1106iraioyuy Aerpajalii Ta OKMCIEHHIO, 110
CIIpysie 30€PE>KEHHIO iX ONTUYHUX XapaKTEPUCTUK IIPOTITOM TPYBAJIOro yacy. Pe3ysibTaTi eKCIIEPUMEHTIB
MiAKPECIIOIOTh BKJIMBICTh BPaxXyBaHHS CKJIaly KOMIIO3ULIMHMX MaTepialiB Ta yMOB HaBKOJIMIIHBOTO CEPEAOBUIIA
17151 IPAKTUYHOTO 3aCTOCYBAHHS HAHOKPUCTAJIB. B m'siToMy po3zisni oTpumMaHo rnpo3opi miisku IIMMA 3
HaHokpucTtanamu CsPbBr3, nocnimskeHo ix GoTonoMiHeCIeHTHI Ta CHUHTUIISLINHI BIaCTUBOCTI. Briepiie
BUKOPUCTAHO cTaHmapTu3osanuii meron IEC 62372:2021 ta mogenoBaHHsT MoHTe-Kapiio 1Jist BU3HaY€HHS
abcomoTHOI cBiTnoBiAmadi (ALY) komnosutiB CsPbBr3-ITIMMA. BusHaueHo, 1110 MJIiBKU I€MOHCTPYIOTh iIHTEHCUBHY
doTromoMiHecLeHIIi10, HAHOCEKYHIHUH Yac 3aracaHHs Ta YyTJIMBICTh 10 O-BUNpoMiHIOBaHHS. [Ipu ToBumHI 200 MKM
BUMPOMiHIOIOTh 65113bK0 860 poToHIB Ha 1 MeB nornuHeHoi eHeprii. [lonepenHs ouiHka pafionoMiHeceHii
IIOKasye, 110 TaKi MaTepiajy MOXXYTb OyTA BUKOPUCTaHI [1J151 BUCOKOWBUAKICHMX CUAHTUJISLIMHUX I€TEKTOPIiB Ta
CIIEKTPOMETPUYHUX JOCTiIKeHb. HaykoBa HOBM3HA OZleP>KaHUX PE3yJIbTaTiB [10JIAra€e B TOMY, 110 B poOOTi Briepuie:
BusHaueHO OCHOBHI TapaMeTpu Ta IOCiOBHICTh BBEJ€HHSI HAHOKPUCTAJIiB II€POBCHKITIB ckiaamy CsPbX3 (me X =
Cl, Br) y nonimepu nosyliMeTUJIMETaKpusiaT, II0J1iaKpuar, oJiypeTaHoBa CMOJIa, OJIiAMMETUIICUIIOKCAH,
TMIOJIICTUPOJI Ta ITI0KA3aHO, O ONTHMMAaJbHA KOHLIEHTPALlisi HAHOKPUCTAJIIB IIEPOBCHKITIB HE3aJIEKHO BiJl aHIOHHOTO
CKJIaly 3HaxoauTbcs Ha piBHI 0,01 Mac %; BUKJIIOYEHHSIM € KOMIIO3ULIINHNN MaTepiajl Ha OCHOBI
NOJIIMETUIIMETAKPUIIATy, Jle ONITUMAaJbHa KOHIIEHTpallisl HAHOKPUCTAJiB CTaHOBUTSH 1,5-2 Mac%. Byjio BCTaHOBJIEHO,
110 TOJIYOJI € OiIbIll IPUMHSATHUM JUCIIEPCIHUM CEPEOBUILEM MTOPIBHSHO 3 XJIOPO(POPMOM 3 TOUKU 30pPy Kpalloi
CTabiNbHOCTI HAHOKPUCTAJIIB IEPOBCHKITIB, Y IKOMY HAHOKPUCTAaJIiB CTabi/bHi MOHA/ 14 OHIB 3 MAKCUMYyMOM
JtoMiHecteHLii Ha 510 HM, B TOI1 4ac sK y xJIopoQOPMHUX KOJIOITHNUX PO3YMHAX HAHOKPHUCTAJIB JIIOMiHECLeHLis
3HMKae yepes 5 [HiB. OLiHEeHO CTabiIbHICTh JIIOMiHECLIEHTHUX KOMIIO3ULIIMHMX MaTepiaji Ha OCHOBI MoJliakpusiaTa
4yepe3 MOPiBHSAHHS iHTEHCUBHOCTI (POTOIOMIHECLIEHL] IIOTHO BUTOTOBJIEHUX 3Pa3KiB Ta MiCJIsl BUTPUMYBAHHS 3a
Pi3HMX 30BHiIIHIX YMOB. [IoKa3zaHo, 0 TeMIIEpaTypa Ma€ 3HA4YHil BIIJIUB HA iIHTEHCUBHICTD JIIOMiHECLeHIIii
KOMIIO3ULITHUX MaTepiasliB, gKa 3Ha4HO 3HMUXKYETLCS BXKe yepe3 30-36 roguH. B ToM yac K BUTPMMKa 3pa3KiB Ha
BiIKpUTOMY IOBITPi HE Ma€ 3HAYHOTO BIUIMBY Ha iHTEHCUBHICTb JIIOMiHECLIEHIIii KOMITO3ULIMHUX MaTepiasiB Ta

3bepiraerbcs 6inbuie Hixk 20 IHIB.

2. The dissertation is devoted to the determination, stabilization, and improvement of optical and scintillation
properties of halide perovskite nanocrystals CsPbX3 (X= Cl, Br, I) in polymer composite materials for further
practical application. New chemical approaches have been developed to create nano-structured composite
materials with luminescence (370-510 nm) based on CsPbX3 and various polymers, the optimal concentrations of
nanocrystals in composites have been determined. The first chapter shows the analysis of literary sources, which
show the need for more detailed research on the stabilization of CsPbX3 (X= Cl, Br, I) nanocrystals in polymer
materials and the determination of their luminescent and scintillation properties. For this purpose, such basic
tasks as the development of the method of obtaining CsPbX3 nanocrystals, the adaptation of the methods of



embedding of nanocrystals into polymers, the determination of optimal concentrations, the study of the
luminescent properties of materials, the estimation of the influence of external factors on the stability of
nanocrystals, and the determination of the scintillation parameters of composite materials were defined. In the
second chapter adapted and developed methods of obtaining nanocrystals and composite materials are described,
and the regularities of embedding nanocrystals into polymers are determined. The behavior of polymeric materials
in such solvents as water, toluene, and chloroform was revealed. The conducted experi-ment showed that
chloroform damages the polymer structure, therefore it is not suitable for the production of composite materials.
In the third section colloidal solutions of CsPbClI3, CsPbBrCl2, CsPbCIBr2, CsP-bBr3, CsPbIBr2, CsPbBrI2
nanocrystals with intense luminescence, which has max-ima at 406 nm, 435 nm, 488 nm, 512 nm, 530 nm, and 534
nm, were obtained. Measurements of optical properties showed that the stability of luminescence changes due to
agglomeration, degradation, deposition, and leaching of nanocrystals. Agglomeration causes a shift of the
luminescence maximum to the red range, and precipitation and degradation decrease the intensity due to a
decrease in the number of crystals in the solution. In the fourth chapter optimal concentrations of perovskite
nanocrystals in composite materials are determined experimentally. The influence of external factors, such as light
and temperature, on the optical properties of nanocrystals in composite materials was determined. It was found
that the use of polyacrylate as a basis for composite materials improves the stability of nanocrystals, preventing
degradation and oxidation, which contributes to the preservation of their optical characteristics for a long time.
The results of the experiments emphasize the importance of taking into account the composition of composite
materials and environmental conditions for the practical application of nanocrystals.
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