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PoGora mpucBsiueHa 3’SCyBaHHIO CIEKTPAIbHO-KIHETUYHHX IapaMeTpiB
JoMiHecIeHIT nepoBchbKiTiB CsPbBr;, iX eHepreTuuHiii CTpyKTypl Ta BILUIUBY Ha HUX
KBAaHTOBO-PO3MIPHOTO €(EeKTY.

OpraHiyHO-HEOPTraHiYHI Ta TOBHICTIO HEOPraHiyHI TaJOiAHI TMEPOBCHKITH
BUKJIMKAJIN IIMUPOKWA I1HTEpPEC 3aBISIKH CBOIM ONTHYHUM Ta CHEPrEeTUYHUM
BJIACTUBOCTSAM. B OCTaHHI pOKHM AOCHIPKEHHS LMX HaMiBIPOBIAHUKOBUX CIIOIYK
aKTHUBI3yBaJocsi B 3B’A3KYy 3 MOXJIMBICTIO I1X BHUKOPUCTaHHS B COHSYHHX
nepeTBoproBayax. [lopsi 3 uum, MUPOKE CIMEMCTBO MEPOBCHKITIB MAa€ MOTEHIIA 1 B
iHImMX HanpsMkax. KonoinHi po3unHu nepoBcbkiTHUX HaHOoUacTUHOK CsPbX; (X=Cl,
Br, 1 ) npu xomOiHyBaHHI TrajOT€HIB MEPEKPUBAIOTh BECh BUIAMMHI Jllalla3oH
criektpy. KoMOiHyBaHHSI ITUX TajOreHiB MOE JaTH MOKIJIMUBICTh CTBOPUTHU OLIHI
cBiTinoniof. HasBHICTP BaXXKWX aTOMIB Yy CHONYyIl poOUTH Ti MOTEHIIaJbHUM
MarepiaiaoM JJIsl CHUHTHIISITOPIB.

TpuBane IOCHIIKEHHS OPraHiYHO-HEOPraHIYHUX Ta MOBHICTIO HEOPTraHIYHUX
TAIOITHUX  TEPOBCHKITIB  JIEMOHCTPYE  XapaKTEpHY  CTPYKTYPy  CHEKTPY
momiHecteHIli cnoayk APbBr; (me A=Cs", CH;NH;", CHO\IH2)2+), UL SIKOT
XapaKTEepHi /1Bl CMyry BUNpPOMiHIOBaHHSA. OIHIEI0 3 OCHOBHUX TEOPIH, IO MOSCHIOE
JIBI CMYTH B OPTaHIYHO-HEOPTaHIYHUX MEPOBCHKITAX € BUHUKHEHHs edekTy Pambu
BHACHIJJOK BTpaTW 1HBEPCHOI CHUMETpii dYepe3 opraHiyHuid 1oH. HasBHICTB
aHajoriyHuX mposiBiB B kpuctam CsPbBr; craButh miag CymHIB BIUIMB i0HA A Ha
BUHUKHEHHS edekTy Pamou.

Y pob6oTi MOCHIKEHO CHEKTPATbHO-KIHETHYHI TapaMeTpy JFOMIHECIEHIT
moHokpuctania CsPbBr; B Temneparypuomy iatepBaii 14-300 K npu ontuuromy Ta
BUCOKOEHEPIeTUYHOMY 30y/K€HHI. 3a KIMHAaTHOI TeMIlepaTypd I1HTEHCUBHICTb

doTomominectenIlii moHokpuctana CsPbBr; € Husbkoro. [Ipu Temneparypi pigkoro



a30Ty CHEKTp TMpeACTaBlisie CcOOOK TOABIHHY CMYry BUIIPOMIHIOBaHHS 3
MakcuMmyMamu nipu 529 ta 536 uMm. [Ipu 3HmxkeHHI Temnepatypu 1o 14 K B criekTpi
IPOSBIISIETHCS IIMPOKA CMYTa JIIOMIHECHEHIIT 3 MakCUMyMoM B okoji 560 Hm. [IBi
BYy3bKi CMYTM BHIIPOMIHIOBAHHSI TPAaKTYIOThCSl SK BUIIPOMIHIOBAaHHS BIIBHOTO
E€KCUTOHY Ta Mepexoau 3 pambiBcbkux MiHIMyMiB. IIIupoky cmyry JIroMiHECIEHIIIT
IPUIKUCYIOTh BUIIPOMIHIOBAHHIO, IO 3yMOBJIEHE JAedeKkTamu Kpucraiga. AHami3
dopMu KpuBOi Na€ MiACTaBM BBakaTW, IO BOHa coOpMOBaHA TPhOMA THUIIAMHU
IIEHTP1B BUIIPOMIHIOBAHHS, IS SIKUX XapaKTepHI P13HI €Heprii akTUBAIIii.

KinetnyHi mapaMeTpu CMyTd BUIBHOTO €KCHUTOHY JEMOHCTPYIOTh /Bl 4acoOBl
KOHCTAHTH 3aracaHHs JIOMIHECHEHIli, MBUAKY 1 moBUIbHY. IlIBHIKa KOMIOHEHTa
KIHETUKHU 3aracaHHsl JIIOMIHECIEHINI 32 HU3bKUX TEMIEpaTyp CTAHOBUThH OJIM3bKO
0.2 Hc. HasgBHiCT, MmBHAKOI 1 IIOBUIBHOI KOMIIOHEHTH KIHETHKH 3aracaHfs
ONUCYETHCS TPHOXPIBHEHBOIO MOJEIUIIO, B  SKIM Mepexoau 3  HUXKHBOTO
(TpuruieTHOr0) 30Yy/IP)KEHOTO CTaHy € 3a00pPOHEHUMH, a 3 BEPXHBOTO (CHHIJIETHOTO)
no3BoJieHl. Ll Monens Brano omucye TemrepaTypHY MOBEAIHKY KPUBHMX KIHETUKU
3aracaHfs JIOMIHECIEHIT. AHaIl3 MOBIJIHLHOI KOMIIOHEHTH 3aracaHHs JIOMIHECIIEHIT
JlaB €HEpril0 akTUBAIIMHOrO nepexony 23 meB, mo He BiaNoBigae eHeprii 3B’s3Ky
ekcutoHa B 40 meB, mo orpumana 31 CHeKTpiB 30y/uKeHHs JTtoMiHecteHiii. 1o
PO30LKHICTE MOKHA IHTEPIPETYBaTH SK pPO3BAJl TE€HETHUYHO CIOPIJHEHOI Napu
€JIEKTPOH-AIpKa MpHU MIJBULIEHH] TEMIIEpaTypy BHACIIJOK BUXOAY HOCIIB 32 MEXI
cthepu Oncarepa.

[Ipn pocnipkeHHl CHEKTPaJbHO-KIHETUYHUX BJIACTUBOCTEM MOHOKpHCTala
CsPbBr; 3a BUCOKOEHEPreTUYHOTO 30Y/DKEHHS TMOKa3aHo, 1m0 (GopMa CHEKTPy He
3a3Ha€ MPUHIMIIOBUX 3MiH. B CIEKTpi MPOSBISIOTHCS CMyTra BUIBHOTO €KCUTOHY Ta
BUIIPOMIHIOBaHHS 3 pamOiBCbKUX MIHIMYyMIB, a TaKOX IIMPOKAa CMyra 3yMOBJICHA
nedeKTaMH.

JuckyTyeTbesi npuyrMHa BUHUKHEHHs edekty Pambu. Ockinbku ayig Horo
BUHUKHEHHS TIOBMHHA OYTH TMOpYIIEHA IIEHTPOCUMETPII0 KPUCTAIIYHOI TPATKH,
MOXJIUBICTh CITIBICHYBaHHS TIPSMUX TEPEXOJIB Ta TEPEXOAiB 3 pamOiBChKUX

MIHIMYMIB TOSICHIOETbCSI HASIBHICTIO JIe(PEKTIB KpPUCTaNIuHOI IpaTku. B Takomy



BUIIAJIKy CIBBIJHOIIEHHS 1HTEHCUBHOCTI MIKIB BUIBHOTO Ta PalIOiBCbKOTO €KCUTOHIB
OylyTh 3MIHIOBATUCh B PI3HUX 3pa3Kax.

Bmiue kBaHTOBO-po3MipoHoro edekty Ha yactTuHku CsPbBr; B matpuii KBr
3MINIy€e CHEKTpP JIIOMIHECHEHIi B 00JacTh BHUIIMX CHEPridi 3a KiMHATHOI
temriepatypu. llpu Husbkux Ttemneparypax (12 K) me 3MilieHHS MacKyeTbes
BIUTUBOM THUCKY KPUCTAJIIYHOI MaTpHIll Ha HAHOYACTHUHKH, BHACHIIOK YOTO CHEKTP
JIOMIHECTICHITII 3MIIMEHUA B CTOPOHY MEHIIMX CHEPriii BITHOCHO MOHOKPHCTAIY.
Oco06IMBOCTI CHEKTPY JIOMIHECICHIlT OTPUMAHUX YaCTUHOK JAalOTh 3MOTY OI[IHUTH
ixHl po3mipu. YTBOpEHI YaCTHHHM MPEACTABISAIOTH COOOI0 IUIACTUHKU TOBIIMHOIO
ommspko  15HM Ta  po3mipoMm 1 MkM. BoOHM  TpOSIBISIOTH  BJIACTHBOCTI
JIOMIHECIIEHTHOTO BUIPOMIHIOBAHHSA, 110 MOAIOHI SIK JO MOHOKpHUCTaNy (IOJBIiHA
CMyra BUIIPOMIHIOBaHHS, BIUIUB J€(EKTIB) TaK 1 HAHOYACTUHOK (IHTCHCHBHE
CBIUEHHS 32 KIMHATHOI TeMIIepaTypu, KBAaHTOBO-PO3MIpHUI e(DEeKT, Hepris aKTUBAIlli
180 meB). IIposB edekry Pambu no6pe nmposiBUBCS 3a TeMIIEpaTypyu PIIKOro as3ory,
KOJIM CMYTHU MPsSMUX MepexoiB 3 ['-Touku Ta mepexoiB 3 panioiBCbKUX MIHIMyMiB
MO>KHA PO3IIIUTH.

3minu koHUEeHTpalii fomimku CsPbBr; Ta TpuBamocTi BUCOKOTEMIIEPATYPHOTO
BiJINIAJTy JIalI0OTh 3MOTY OTPUMYBAaTH KBaHTOBI TOUOK CsPbBr; B kpucraniuniii MmaTpuii
KBr. 3a paxynok mudysii ionis uesito (Cs") ta cumigo (Pb”") B mpomeci Biamany B
00’emi1 kpuctany KBr mosxe BinOyBaTUCS YTBOPEHHSI PI3HUX BapiaHTIB HAHOCTPYKTYP
CsPbBr;, Bimx OJHOMIpHMX KBaHTOBHX SM JO0 KBAaHTOBHX TOYOK. Takli 3MiHHU
MPOSIBIISIIOTECS TaKOXX B ONTHYHUX BJIACTHBOCTSAX OTPUMAHHUX 3pas3KiB. 3pas3ku 3
masow konmeHtpaniero (0.5% Tta menHme) mpo3opi B onTthuyHOMY pianasoHi. [lpu
KoHIeHTpartlii 1-2% croctepiraeTbcs 3a0apBICHHS B )KOBTO-3EJICHHM KOJIIP.

HusbkoTemneparypuuii cuntre3 HaHoyacTMHOK CsPbBr; ocamxenux Ha
noBepxHi KBr naB 3mory orpumatu ctabiipHI 3pa3ku HaHOYACTHHOK. KepyBaHHs
PO3MIPOM HAHOYACTUHOK 3a JIOMIOMOTOI0 KOHIIEHTpallli cojied B PO3YMHI A€ 3MOTY
JOCIIIKYBaTH KBAaHTOBO-pO3MipHUi edekT. OTpumaHi CeKTpH (POTOTOMIHECIICHITIT
3a3HAIOTh 3HAYHOTO 3MIIIEHHS B 00JIaCTh BUIIUX CHEPriil 32 KIMHATHOT TEMIIEPATYPH,

710 MOJIOKEHHSI MAKCUMYMY BUIIPOMIHIOBaHHS B OKOJIi 477 HM.



CriekTpu JIOMIHECHEHIT KOJIOIMHUX HAHOYACTHMHOK 3a3HAIOTh aHAJIOTIYHOTO
BIJIUBY KBAaHTOBO-pO3MIpHOTO edekTy. OTpUMaHO 3pa30K, 3 MAaKCUMYMOM CHEKTPY
moMmiHecleHIli  okoiai 475 HM. BnHacnmimok  armroTHHAINi  KOJIOiIMHI  PO3YHHU
HaHouacTUHOK CsPbBr; € HecTabuibHMMH 1 BTpaydaloTh CBOI JIFOMIHECIICHTHI
BJIACTUBOCTI BIIPOJOBXK 2-3 NHIB, IO YCKIAJHIOE JOCHiKeHHs. KpiM Toro, Taki
3pa3Ky MPOSIBIISIIOTh BUCOKY YYTIUBICTH /10 TOTPAIUITHHS BOAM, SIKA TIPU3BOIUTH JI0
BTPATH JIIOMIHECIICHTHUX BJIACTUBOCTEH HAHOYACTHHOK.

Jlns ctabimi3alii HAHOYAaCTUHOK, OTPUMAHUX HU3BKOTEMITEPATYPHUM XIMIYHUM
METOJIOM 3alpOrNOHOBAaHO TOMIIIATH iX B MOJICTUPOJBHY MaTpulio. OCKITbKU
MOJIICTUPOJI € TMPO30PUM B CIIEKTPATILHOMY Jl1alla30H1 JIOMIHECICHI[IT HAHOYaCTUHOK
CsPbBr;, #oro HasgBHICTP HE BIUIMBA€ Ha JIIOMIHECIICHTHI  BJIACTHBOCTI
HAaHOYACTHMHOK. OMNTHUYHI BJIACTUBOCTI OTPUMAaHUX CTPYKTYp 3ajeXaTh BiJ BMICTY
HaHo4acTUHOK. [Ipu 30inbmenHi koHueHTpaiii CsPbBr; momictuposnbHi MIIBKU Bij
MPAKTUYHO MPO30PUX 3MIHIOIOTH 3a0apBIEHHS 1O YKOBTO-3€JEHHX, K 1 Y BUIAAKY
kpuctaiiB KBr 3 Bkpamenumu yactuakamu CsPbBrs.

IIpoBeneHo CIIEKTPAJIbHO-KIHETHYHI BUMIPIOBaHHS JIFOMIHECIIEHIT
HaHo4acTHHOK CsPbBr; B moJicTUPOJIBHIN MaTpHIll B TEMIEPATYPHOMY Jl1ara30HI
12-300 K. Hanouactunku CsPbBr; BuSBISIOTE JyanbHy CMYTy TpH HHU3bKHX
TEeMIlepaTypax, sKa IEePEeXOJUTh B ACUMETPUYHY MOHOCMYTY TIPH TeMIlepaTypi
oineme 90 K. Yepes BiJICyTHOCTI AyajdbHOCTI CMYTH JIIOMIHECILECHIIT B aHcamoOi
HAHOYACTUHOK  JIOCHIDKYBAJUCh  TEMIEpPATypHI  TOJIOKEHHS  KpaiB  CMyT
moMiHecHeHIli. ExcuToH-(OHOHHA B3a€EMOJis € MEePEeBAXKAIOUOI0 [JIS1 HEMPSIMHUX
€KCUTOHIB y TMOPIBHAHHI 3 MPSAMUMH €KCUTOHAMHM, BIAMOBIIHI KOEDIIEHTH BKJIAIy
ckinagarotb 513 ta 6 meB BigmoBigHO. IIpomeMoHCTpoBaHO, IO 1HTEHCHUBHICTH
moMiHecHeHIii HaHoyacTUHOK CsPbBr; B TtemmneparypHomy intepsani 12-200 K €
BITHOCHO CTaOUIBHOIO 1 3a3HA€ 3MIH MPU MOJATBIIOMY 30UIBIIEHHI TEMIIEPaTypH.
OtpuMaHa eHepris akTHBallii JIOMiHECHEeHIlT cTaHOBUTh 140 MeB, 110 € criBMipHUM
3 pesynbTaToM 11t yacTuHOK CsPbBr; B marpuiti KBr.

JIJis HAaHOYACTUHOK HASIBHICTH JBOX CMYT JIFOMIHECIICHILII € HE OYEBHUIHOIO B
3B’SI3KY 3 TUM, III0 MM MAa€EMO CIIpaBy 3 aHCaMOJIeM HAHOYACTUHOK, SIKI MalOTh MEBHY

JUCTIEPCII0 32 po3MipamMH. 3ampoONOHOBAHO BUKOPHCTOBYBATHU TOJIOKEHHS KpaiB



CMYTH JIIOMIHECLEHIIT /i aHalizy TeMIepaTypHOi MOBEAIHKH MPSIMO30HHOTO
BUMPOMIiHIOBaHHS B ['-Tourli 30HM bputroeHa Ta BUIPOMIHIOBAHHS 3 PaliOiBCbKUX
MiHiMyMiB. Choupamouuch Ha TakMd aHalli3 MOXHA CTBEP/KYBaTH, IO
BUIIPOMIHIOBaHHS 3 pamibiBbCKUX MIHIMYMIB 3a3Ha€ OLIBIIOTO BIUIMBY EKCHTOH-
(hoHOHHOT B3aEMOIII.

OTpuMaHHSI TOJICTUPOIBHOTO KOMIIO3UTY 3 BKPAIUICHHSM HaHOYAaCTUHOK
CsPbBr; 3nauynoi ToBmnHU (0aM3bK0 1 MM) Aano 3MOTy IPOBOAMTH BUMIPIOBAHHS
CHEKTPAJIbHO-KIHETUYHUX  TapaMeTpiB  JIIOMIHECHEeHIli npu  X-MPOMEHEBOMY
30ymxeHHl. OTpuMaHa 3aJeKHICTh IHTEHCUBHOCTI JIFOMIHECLIEHIIIT BiJl TeMIEpaTypu
Ja€ MIACTaBH PO3IJISAATH MOJIMEPHUNH KOMMIO3UT HaHoyaCcTMHOK CsPbBr; sk
MaTepial sl KPIOT€HHUX CHUHTHIATOPiB. YacoBa KOHCTAaHTA MIBUAKOI KOMIIOHEHTH
3aracaHHs npu 30y KeHH1 X-nipoMeHsMu 3 eHepriero 10 40 KeB cranoBisiTe MeHiie
1 HC.

[Ile omnuM NIATBEpIKEHHAM ICHYBaHHS e¢ekTy Pambu € mnopiBHIHHS
CHEKTPIB JIIOMIHECHEHIIT MOTICTUPOIBLHOTO KOMITO3UTY 3 HaHodacTuHKamMu CsPbBr;
€ TIOPIBHSIHHS CHEKTPIB JIFOMIHECHEHIII MPU ONTUYHOMY 30Yy/KEHHI B IOJOXKEHHI
3pa3Ka «Ha BiIOMBAaHHS», KOJM CIEKTP JIOMIHECILICHIII 3HIMABCS 3 Ti€l ) CTOPOHH
3pa3ka, 1Mo W BigOyBanocs 30y/KEHHS, Ta TMOJIOKEHHI «HA MPOIYCKAaHHS», KOJH
30yKeHHSI BiJI0YyBaJOCh 3 OJHIET CTOPOHM, a CIEKTP 3HIMaIM 3 1HIIO0I. OTpuMaHUit
TaKHM YMHOM CIEKTP JIFOMIHECLEHIIIT € OJM3bKUM /10 CIEKTPY,I0 OTPUMAHUM 1pu X-
IPOMEHEBOMY 30Y/IPKEHHI TOTO XK 3pa3Ka, 10 MIATBEPKYE TEOPIt0 PO HE3AICKHICTh
CHEKTPIB JIOMIHECIIEHIIIT B1Jl €HEPTii 30y KEHHS TPU 30HA-30HHOMY 30Y/I7KEHHI.

OTtpumani pe3ynbTaTH JAI0Th MOKIIUBICTh y3arajlbHUTH, 1110 HAHOYACTUHKU Ta
MOHOKPHUCTAJI BOJIOAIIOTH OJHAKOBOIO MPUPOJIOI0 BHUIPOMIHIOIOYHMX IEHTPIB, IS
AKUX € XapaKTepHUMHU MPSAMO30HHI niepexoau B ['-Toulll 30Hu bpintoeHa Tta Henpsimi
NEepexo/iv 3 pambiBCbKUX MIHIMYMIB 32 y4acTi (JOHOHIB.

KuarouoBi cjoBa: HamiBIpoBiTHUKH, TIEpoBChKIT, CsPbBr;, mrominecrieHiis,
CIICKTPH JIFOMIHECIIeHIIT, (oToaroMiHECHIeHIlis, Yac 3aracaHHs, edekT Pamowu,
BKparuieHi Mikpokpuctaau CsPbBr;, HaHOYacTMHKHM, KBaHTOBI TOYKH, KOJOITHI

HanodacTHHKH CsPbBrs;, ekcuTOHHA TIOMIHECIIEHIIISA, BUILHI €EKCUTOHH.



ABSTRACT

Dendebera M. P. Electron and exciton states of CsPbBr; perovskites. —
Manuscript copyright.

The thesis of the Doctor of Philosophy, specialty 104 — Physics and
Astronomy. — Ivan Franko National University of Lviv, Lviv, 2022.

This work is devoted to the elucidation of the spectral-kinetic parameters of the
luminescence of CsPbBr; perovskite, their energy structure and the influence of the
quantum-size effect on them.

Organic-inorganic and all inorganic lead halide perovskites have aroused wide
interest due to their optical and energetic properties. In recent years, the study of
these compounds has intensified due to the possibility of their use in solar converters.
Along with this, a family of perovskites has potential in other areas. Colloidal
solutions of perovskite nanoparticles CsPbX; (X = Cl, Br, I) when combined with
halogens cover all visible spectrum. Combining these halogens can make it possible
to create a white LED. The presence of heavy atoms in the compound makes it a
potential material for scintillators.

Long-term study of organic-inorganic and all inorganic lead halide perovskites
demonstrate the characteristic structure of the luminescence spectrum of APbBr;
compounds (where A = Cs*, CH;NH;', CH(NH,),"), which is characterized by two
radiation bands. One of the main theories that explain the two bands in organic-
inorganic perovskites is the occurrence of the Rashba effect due to the break of
inverse symmetry through the organic ion. The presence of similar manifestations in
the CsPbBrj; crystal calls into question the effect of the A ion on the occurrence of the
Rashba effect.

The spectral-kinetic parameters of the luminescence of the CsPbBr; single
crystal in the temperature range of 14-300 K under optical and high-energy excitation
were investigated. At room temperature, the luminescence intensity of the CsPbBr;
single crystal is low. At the temperature of liquid nitrogen, the spectrum has double
peaks of radiation with maxima at 529 and 536 nm. When the temperature is reduced
to 14 K, a wide peak of luminescence with a maximum of about 560 nm is

manifested in the spectrum. The two narrow peaks of radiation are treated as free



exciton radiation and transitions from Rashba minima. A wide peak of luminescence
is attributed to radiation due to crystal defects. Analysis of the shape of the curve
gives reason to believe that it is formed by three types of radiation centers, which are
characterized by different activation energies.

The kinetic parameters of the free exciton band show two decay time constants,
fast and slow. The fast component of the luminescence decay at low temperatures is
about 0.2 ns. The presence of fast and slow components of the decay kinetics is
described by a three-level model, in which transitions from the lower (triplet) excited
state are forbidden, and from the upper (singlet) state are allowed. This model
successfully describes the temperature behavior of the luminescence decay curves.
Analysis of the slow decay constant gave an activation transition energy of 23 meV,
which does not correspond to the exciton binding energy of 40 meV obtained from
the excitation spectra of luminescence. This discrepancy can be interpreted as the
destruction of a genetically electron-hole pair with increasing temperature due to the
departure of carriers outside the Onsager sphere.

In the study of the luminescence properties of the CsPbBrj single crystal under
high-energy excitation, it was shown that the shape of the spectrum does not undergo
fundamental changes. The spectrum shows a band of free exciton and radiation from
Rashba minima, as well as a wide band due to defects.

The cause of the Rashba effect is discussed. Since the centrosymmetry of the
crystal lattice must be broken for its occurrence, the possibility of coexistence of
direct transitions and transitions from Rashb minima is explained by the presence of
defects in the crystal lattice. In this case, the ratios of the peak intensities of free and
Rashb excitons will change in different samples.

The quantum-sized effect on the CsPbBr; particle in the KBr matrix shifts the
luminescence spectrum to the region of higher energies at room temperature. At low
temperatures (12 K), this shift is masked by the effect of the pressure of the crystal
matrix on the particles, as a result of which the luminescence spectrum is shifted
toward lower energies relative to the single crystal. The characteristic of the
luminescence spectrum of the obtained particles make it possible to estimate their

sizes. The formed parts are plates about 15 nm thick and 1 um in size. They exhibit



properties of luminescent radiation that are similar to single crystals (double-band
structure, defects) and nanoparticles (luminescence at room temperature, quantum-
size effect, activation energy 180 meV). The manifestation of the Rashba effect was
well manifested at the temperature of liquid nitrogen, when the bands of direct
transitions from the I'-point and transitions from the Rashba minima can be divided.

Changing the concentration of the CsPbBr; impurity and the duration of the
high-temperature annealing makes it possible to obtain CsPbBr; quantum dots in the
KBr crystal matrix. Due to the diffusion of cesium (Cs") and lead (Pb*") ions in the
annealing process in the volume of the KBr crystal, the formation of various variants
of CsPbBr; nanostructures from one-dimensional quantum wells to quantum dots can
occur. Such changes are also manifested in the optical properties of the obtained
samples. Samples with low concentration (0.5% and less) are transparent in the
optical range. At the concentration of 1-2%, yellow-green color was observed.

Low-temperature synthesis of CsPbBr; nanoparticles deposited on the KBr
surface made it possible to obtain stable samples of nanoparticles. Controlling the
size of nanoparticles by the concentration of salts in the solution makes it possible to
investigate the quantum-size effect. The obtained luminescence spectra are
significantly shifted to the region of higher energies at room temperature, up to
477 nm.

The luminescence spectra of colloidal nanoparticles have a similar quantum-
size effect. A sample with a maximum luminescence spectrum of about 475 nm was
obtained. Colloidal solutions of CsPbBr; nanoparticles are unstable and lose their
luminescent properties within 2-3 days, due to agglutination, which complicates the
study. In addition, such samples show a high sensitivity to water ingress, which leads
to the loss of the luminescent properties of nanoparticles.

To stabilize nanoparticles obtained by low-temperature chemical method, it is
proposed to place them in a polystyrene matrix. Since polystyrene is transparent in
the spectral range of luminescence of CsPbBr; nanoparticles, its presence does not
affect the luminescent properties of nanoparticles. The optical properties of the

obtained structures depend on the content of nanoparticles. As the concentration of



CsPbBr3 increases, the polystyrene films change color from almost transparent to
yellow-green, as in the case of KBr single crystals with embedded CsPbBr; particles.

Spectral and kinetic measurements of the Iuminescence of CsPbBr;
nanoparticles in a polystyrene matrix in the temperature range of 12-300 K were
performed. CsPbBr; nanoparticles exhibit a dual band at low temperatures edges of
the luminescence bands. The exciton-phonon interaction is predominant for indirect
exciton compared to direct exciton, the corresponding contribution coefficients are
513 and 6 meV, respectively. It is shown that the luminescence intensity of CsPbBr;
nanoparticles in the temperature range of 12-200 K is relatively stable and changes
with increasing temperature. The obtained luminescence activation energy is
140 meV, which is commensurate with the result for CsPbBr; particles in the KBr
matrix.

For nanoparticles, the presence of two luminescence bands is not obvious due
to the fact that we are dealing with an ensemble of nanoparticles that have dispersion
in size. It was proposed to use the positions of the edges of the luminescence band to
analyze the temperature behavior of direct-band radiation at the I'-point of the
Brillouin zone and radiation from Rashba minima. Based on this analysis, it can be
argued that radiation from Rashba minima is more affected by exciton-phonon
interaction.

Obtaining a polystyrene composite interspersed with CsPbBr; nanoparticles of
considerable thickness (about 1 mm) made it possible to measure the spectral-kinetic
parameters of luminescence during X-ray excitation. The obtained dependence of
luminescence intensity on temperature gives grounds to consider the polymer
composite of CsPbBr; nanoparticles as a material for cryogenic scintillators. The time
constant of the fast component of X-ray luminescence decay at excitation of 40 KeV
is less than 1 ns.

Another confirmation of the existence of the Rashba effect is the comparison of
the luminescence spectra of polystyrene composite with CsPbBr; nanoparticles.
When the excitation occurred on one side and the spectrum was taken on the other.

The luminescence spectrum thus obtained is close to the X-ray luminescence



spectrum of the same sample, which confirms the theory of the independence of
luminescence spectra from excitation energy during band to band excitation.

Another proof of the existence of the Rashba effect is comparison of
luminescence spectra of polystyrene composite with CsPbBr; nanoparticles is a
comparison of luminescence spectra at optical excitation in the position of the sample
on reflection, when the luminescence spectrum was recorded on the same side of the
sample as registered with another. The luminescence spectrum thus obtained is close
to the X-ray luminescence spectrum of the same sample, which confirms the theory
of the independence of luminescence spectra from excitation energy during high
energy excitation.

The obtained results make it possible to generalize that nanoparticles and
single crystals have the same nature of radiating centers, which are characterized by
direct-band transitions in the I'-point of the Brillouin zone and indirect transitions
from Rashba minima with phonons.
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