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KoMnosutHbie MaTepuasibl Ha 0OCHOBE KBAHTOBbLIX TOYEK ™
U NOJIMMEPHbLIX MaTpUL, ANa perucTtpauuu

raMMa-u3sjiy4yeHua B CUUHTUINIALMUOHHDBIX AETEeKTOopaxX

HOBOIro NoKoJieHusa
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AHHOTALINA

06ocHoBaHuMe. B HacTosLLee BpeMs pa3paboTKa HOBbIX CLMHTUANALMOHHBIX MaTEPUAoB Ha OCHOBE (YOPECLIEHTHBIX HAaHO-
KPUCTanmoB co CTPYKTypoi nepoBckuTa coctaBa CsPbBr3 u keaHToBbix Touek CdSe/ZnS sBnseTca akTyanbHo TeMoii U pas-
BMBAETCA MHOTMMU HayyHbIMK rpynnamm [1-4]. 06a yKasaHHbIX MaTepuana 0bnafaloT BbICOKMM MOTEHLMANoM A4S npuMe-
HEHWS B 3TOM POJIW, NOCKOJIbKY ABASAIOTCS OTAMYHBIMU GyopodopaMm C KBaHTOBbLIM BBIXOLOM JIlOMUHecLieHUmm okono 100%,
HO KpoMe Toro 06/1afiatoT M BbICOKUMM 3HaYeHMaMM 3 deKTMBHOrO aToMHoro HoMepa Zeff. Ceuenue poToaddekta 3aBucut
ot Zeff Kak (Zeff)5, a BenMuMHa nornoLieHns peHTreHoBCKMX Jyyen 3aBucut ot Zeff Kak (Zeff)4/(AE3), rae A — aToMHas
Macca BeLLeCTBa, NOroLLaLLero Y-KBaHT, 8 E — 3Heprus peHtreHoBcKoro otoHa [5].

Llenb — paspaboTaTb MeTOAMKY WU3rOTOBMIEHWS CUMHTUANATOPOB Ha OCHOBE KBAHTOBbLIX TOYEK M MOSMMEPHBLIX MaTpuL, 06-
NajalLwmMx BbICOKOW CTEMeHbi0 MPO3payHOCTH, BbICOKOW BPEMEHHOM CTabUABHOCTBbI0 KBaHTOBOIO BbIXOAA SIOMUHECLLEHLN
1 KOPOTKMMM BpeMeHaMM 3aTyXaHusl NIOMUHECLIEHLMM (BPeMS BbICBEUMBAHMS UMW CPeHEe BPeMS XU3HU BeLLecTBa B BO3-
BYKAEHHOM COCTOSHWM) 1S PErUCTpaLmn raMMa-usnyyeHus.

Matepuanbl ¥ Metofbl. [lns perucTpaumm CLUMHTUNIALMOHHBIX CUrHAN0B UCMOMb30Banca GOTO3NEKTPOHHbIN YMHOXUTENb
HAMAMATSU R7400U-6. B kayecTBe UCTOYHMKA MOHW3WPYHOLLEr0 M3nydeHWs ucnonb3oBanca uctouHuk 137Cs c 3Hepruen
Y-KBaHTa 661,7 K3B.

Pe3synbtartsl. [pu 0b1yueqnn y-kBaHTamn nsotona 137Cs 0bpasLioB Ha 0cHOBe MaTpuLbl Nou(napa-MeTUNCTMpona), CLUMTo-
ro Moniekynamu aueununbensona (10% Macc), akTuBMpoBaHHbIX HadTanuHoM (10%, nepBUyYHbINA aKLenTop), aHTpaLeHoM (1%)
M KBaHTOBBLIMW TOYKaMW/NepOBCKUTHBIMK HaHokpucTannamm (0,1-1,0%, nepensnyuatens) B 3HEpreTMHECKOM CMEKTpe Mpo-
ABNANocb 3QheKTMBHOE KOMNTOHOBCKOE PacCesHUe raMMa-KBaHTOB B BELLECTBE Ha aToMaX, BXOASALLMX B COCTaB KBAHTOBbIX
TOYEK/NEPOBCKUTHBIX HAHOKPUCTaNJIoB.

B pesynbTate uccnepoBaHus bbino 06HapyXeHo, 4To AN1s 06pa3uLoB, He COAEPHALLMX HEOPraHUYECKMUe 3NEMEHTbI — KBaH-
TOBble TOYKM W NEPOBCKUTHbIE HAHOKPUCTaNIbl, — KOMNTOH-3(QMEKT ANs raMMa-KBaHTOB OTCyTCTBYeT. [lononHuTensHo no-
Ka3aHo, 4To MaTpuua napaMeTusCcTUpona No3BoMSeT 3alUTUTL MEPOBCKUTHbIE HAHOKPUCTANbl OT BO3AEWCTBUA BHELUHEN
cpefbl, NpX 3TOM 3HaYeHWe KBAHTOBOTO BbIXOAA (OTOMIOMMHECLEHLUMN OOBEMHBIX KOMMO3WUTHBIX MaTepuanoB Ha OCHOBE
NepoOBCKUTHBIX HaHoKpucTannos coctaBa CsPbBr3 u nonu(napametuncrvpona) AMUTENbHOE BPEMS OCTAETCS MOCTOSHHBIM
B Npefesniax NorpeLHocTH.

3aknoyeHune. JKCNepUMeHTaNbHO NOATBEPIKAEHO, YTO KBAHTOBbIE TOYKM M NMEPOBCKUTHbIE HAHOKPUCTaMbI, MHKANCYnMpo-
BaHHble B PasfMyHble NOSMMEpPHbIE MaTpULbl, MPOSABAAKT CBOMCTBA CLUMHTUINIATOPOB NOJ, BO3AEACTBUEM UOHU3MUPYIOLLErO
n3nyyenns. M3rotoBneHHble 06pasubl NEPOBCKUTHBIX HAHOKPUCTaNI0B/KBAHTOBbIX TOYEK W Pa3fIUYHBIX MOIMMEPOB MOXHO
cuuTath Hambonee MepcneKTUBHBIMKA AN UCMONb30BaHUSA B KayecTBe CLMHTWUANALMOHHOrO MaTtepuana Afs perucrpauum
PEHTFEHOBCKOr0 M raMMa-U3nyyeHus.

PaboTa nozAepaHa rpaHToM MuUHMCTEpPCTBA Hayky W BbicLero obpa3oBanus Poccuiickoit Pepepaumn N2 075-15-2021-1413.

KnioueBble cnoBa: NlOMUHECLEHLMS; CLUMHTUNNATOP; KBAHTOBbIE TOYKW; NEPOBCKUTHbIE HAHOKPUCTAJJIbI; CsPbBr3; komno-
3UTHble MaTepuanbl; NOJIMMEpPHbIe MaTPULLbI; KBaHTOBLIN BbIXO/I.
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ABSTRACT

BACKGROUND: The development of new scintillation materials based on fluorescent nanocrystals with a perovskite structure of
CsPbBr3 composition and CdSe/ZnS quantum dots is a pressing topic that is being pursued by numerous scientific groups [1-4].
Both of these materials have a high potential for application in this role due to their excellent fluorophore properties, with a
quantum yield of luminescence of approximately 100%. Additionally, they possess high values of the effective atomic Zeff number.
The photoelectric cross section is dependent on Zeff as (Zeff)5, while the magnitude of X-ray absorption is dependent on Zeff as
(Zeff)4/(AE3), where A is the atomic mass of the substance absorbing the y-quantum and E is the energy of the X-ray photon [5].
AIM: The aim of the study was to develop a technique for fabricating scintillators based on quantum dots and polymer matrices
with a high degree of transparency, high temporal stability of luminescence quantum yield, and short luminescence decay
times (time of illumination or average lifetime of the substance in the excited state) for gamma-ray registration.

MATERIALS AND METHODS: A HAMAMAMATSU R7400U-6 photomultiplier tube was employed to register scintillation signals.
A 137Cs source with a y-quantum energy of 661.7 keV was used as a source of ionizing radiation.

RESULTS: At irradiation with y-quanta of 137Cs isotope samples based on poly(para-methylstyrene) matrix cross-linked with
divinylbenzene molecules (10% wt%), activated with naphthalene (10%, primary acceptor), anthracene (1%) and quantum dots/
perovskite nanocrystals (0, 1-1.0%, re-emitter), the energy spectrum showed effective Compton scattering of gamma-quanta
in matter on atoms included in quantum dots/perovskite nanocrystals.

The study revealed that samples devoid of inorganic elements, including quantum dots and perovskite nanocrystals, do not
exhibit the Compton effect for gamma-quanta. Furthermore, the paramethylstyrene matrix serves to safeguard perovskite
nanocrystals from external influences. The photoluminescence quantum yield of bulk composite materials based on perovskite
nanocrystals of the CsPbBr3 composition and poly(paramethylstyrene) remains constant over an extended period, with minimal
fluctuations within the margin of error.

CONCLUSIONS: Experimental evidence has demonstrated that quantum dots and perovskite nanocrystals encapsulated
in various polymer matrices exhibit scintillator properties when subjected to ionizing radiation. The fabricated samples of
perovskite nanocrystals/quantum dots and various polymers have been identified as the most promising candidates for use as
scintillation material for the registration of X-ray and gamma radiation.

This study was supported by the grant of the Ministry of Science and Higher Education of the Russian Federation,
No. 075-15-2021-1413.
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