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Pedepar:

1. Iucepranis npucssyeHa po3pobui epekruBHux riopuaaux OLED 6i10ro Ta CMHBOTO KOJIbOPIB 3 aMOIMOISIpHUMU
TADF-emiTepamu, a TAKOX ONITUYHUX CEHCOPIB HA OCHOBI JOBFOTPUBAJIOI PJIyopeCLeHLi. Y epmomy po3aisi
PO3IJISIHYTO MeXaHi3mu sitoMiHecteH1ii B OLED, 30kpema siBullle TepMiYHO akTHBOBaHOi ¢piyopecuenuii (TADF) y
€KCUIIJIEKCHUX i aM0iII0JISIPHUX MOJIeKyJlax. [JoKa3aHO MepCleKTUBHICTD LIMX MaTepiaiiB AJ1s1 CTBOPEHHS
CBITJIOBUIIPOMIHIOBAJIBHUX €MITEPIB, 1[I0 HE MICTATh PiIKO3EMEJIBHUX METAJIIB, TA iX MOXKJIMBE BUKOPUCTAHHS B
6iomenuuuHi 0y GpayopecLeHTHOI Bidyasizauii 6iosorivanx cucrteMm. OKpemMo aHajli3yloThCsl HOBI MiAX0nu 1O
onTumisatlii 360py excutoHiB y TADF-OLED, mo cnpusie nigBuilieHHI0 e(peKTUBHOCTI NpUCTPOiB. Jpyruil po3nin
IIPUCBSIYEHO AOCIIPKEHHI0 HOBOCUHTE30BAaHUX CIIOJIYK HAa OCHOBI gudeHinbikap6asony (bFPC, bT{PC) 3
€JIEKTPOHOAKLEITOPHUMHU PTOP- Ta TPUPTOPMETUIBHUMU TpyIiaMu. [IpoaHani3oBaHo iXHIO TEMIIEpaTypHY
cTabinpHiCTh: TeMIieparypu miasjeHHs 246°C i 253°C, a Temrieparypa BTpaTu 5% macu - 374°C i 350°C BinnosigHo.



JJoBeZeHo, MO Li CIIOYKX 3a3HAIOTh CyOJliMallii, a He TepMiYHOI JeCTpyKuii. Bu3Ha4eHO iXHIO €JIEKTPOHHY
CTPYKTYpY: oTeHLiany ioxisaii (5,78-6,04 eB), enexTpoHHy criopinHeHicTs (3,21-3,36 eB), criexktpu gayopecuenii
(Maxcumymu Ha 385 i 405 HM). Cniexktpu exkcuniekcis bFPC:PO-T2T i bTfPC:PO-T2T xapakTepusyoThCs
BUIIPOMIHIOBaHHSM Y JianasoHi 520 HM, a ixHi 4yacu 3aracaHHs cBigyath npo TADF-npupoay momiHecueHuii. ¥
TpeTbOMY po37ini nocmimkyeTbes cucreMa bFPC:PO-T2T K akTUBHMM KOMIIOHEHT ONITUYHOTO CEHCOpa IJ1s1
BM3HAYEHHS KOHIIEHTPAllii KUCHIO 3 TOYHICTIO 110 4% y miana3oHi 0-20% Oun. J1oCiIsKeHO MOKIIMBOCTI 3aCTOCYBaHHS
bFPC:PO-T2T i bTfPC:PO-T2T sk BucokoedekTuBHux 3eneHux TADF-emirepis g1 6inux OLED. Po3po6isieni OLED,
BUTOTOBJIEHI METOJIOM «MOKPOI» TEXHOJIOTI, IPOAEMOHCTPYBAJIM BUCOKY SIKICTb TEIJIOTO 0iJIOro CBIiTJIA 3 iHAEKCOM
nepenaBaHHs Koybopy 92, KosipHoo Temnepartypoto 3655 K i CIE-koopaunatamu (0,384, 0,399). BuBueHO TakoX
€JIEKTPOJIIOMiHECLIEHTH] B1acTUBOCTi TeMHO-cMHbOro OLED Ha ocHOBi 4-CzPyCl4, sikuil 1eMOHCTpyBaB
MakcuMaibHy sickpasicTb 3000 xz,/m2. UeTBepTUI pO31isl MiCTUTb Pe3yJbTaTU JOCiIKEHHS TOHOPHO-
aKLENTOPHUX CIOJIYK HA OCHOBI TPET-0yTUJIKAp6a30J1y Ta TPUPTOPMETUIIOEH30ITY, PO3POOJIEHUX AJ1 MiHiMi3anii
BIJIMBY TBepHodas3Hoi conbBaTalii Ha emicito cuHix OLED. BakyyMHi IJ1iBKM LIUX CIIOJIYK 3a0€3I1e4yBajii BUCOKUA
KBaHTOBUM Buxin doromominecuennii (75%). OLED nHa ocHosi 9,9',9",9"'~(3-([TipumiguH-5-in)-6-
(Tpudropmerun)oensen-1,2,4,5-rerpain)rerpaxic(3,6-mi-Tepr-6yTrn-9H-kap6a3os) MaB MAaKCUMyM
BUIIPOMIHIOBaHHS 477 HM, sickpasicTb 39 000 k1 /M?2, 30BHILIHIO KBAaHTOBY e(deKTUBHICTb 15,9%, CTpyMOBY

eeKTuBHICTb 42,6 K11 /A Ta €HEpreTUYHy epeKTuBHiCTb 24,1 1M /BT.

2. The dissertation focuses on the development of highly efficient hybrid white-emitting organic light-emitting
diodes (OLEDs) and blue OLEDs with ambipolar TADF emitters, as well as optical sensor elements based on long-
lived fluorescence. The first chapter examines the fundamental mechanisms of luminescence in OLEDs, with
particular attention to the phenomenon of thermally activated delayed fluorescence (TADF) in exciplex compounds
and ambipolar molecules. The relevance of these materials and heterostructures for practical applications as light-
emitting emitters free of rare-earth metals is demonstrated, along with their potential use in biomedicine for
fluorescence imaging of biological systems with reduced background signal interference. Additionally, novel
conceptual approaches to exciton collection optimization in TADF-OLED structures are analyzed to improve
device efficiency. The second chapter investigates newly synthesized diphenylbicarbazole-based compounds
(bFPC, bTfPC) modified with electron-acceptor fluorine and trifluoromethyl groups. Their thermal stability is
analyzed: melting temperatures of 246°C and 253°C, and a 5% mass loss temperature of 374°C and 350°C,
respectively. It is established that these compounds undergo sublimation rather than thermal degradation. Their
electronic structure is determined, including ionization potentials (5.78-6.04 eV), electron affinity (3.21-3.36 eV),
and fluorescence spectra (maxima at 385 and 405 nm). The spectra of exciplexes bFPC:PO-T2T and bTfPC:PO-T2T
exhibit emission peaks around 520 nm, while their fluorescence decay times confirm their TADF nature. The third
chapter explores the bFPC:PO-T2T system as an active sensing component in an optical sensor capable of
accurately measuring oxygen concentration up to 4% in the range of 0-20% On. The potential of bFPC:PO-T2T and
bTfPC:PO-T2T as highly efficient green TADF emitters for white OLEDs is examined. White OLEDs fabricated using
the "wet" processing method demonstrated high-quality warm white electroluminescence with a color rendering
index of 92, a color temperature of 3655 K, and CIE 1931 coordinates (0.384, 0.399). The electroluminescent
properties of a deep-blue OLED based on the intramolecular TADF donor-acceptor molecule 4-CzPyCl4 were also
studied, showing a maximum brightness of 3000 cd/m?. The fourth chapter presents the results of studying
donor-acceptor organic compounds based on tert-butylcarbazole and trifluoromethylbenzene, synthesized to
minimize the effects of solid-state solvation on the emission properties of blue OLED emitters. Vacuum-deposited
films of these compounds exhibited a high photoluminescence quantum yield of up to 75%. An OLED utilizing an
emitter based on 9,9',9",9"'-(3-(Pyrimidin-5-yl)-6-(trifluoromethyl)benzene-1,2,4,5-tetrail)tetrakis(3,6-di-tert-
butyl-9H-carbazole) demonstrated a peak emission at 477 nm, a brightness exceeding 39,000 cd/m?, an external
quantum efficiency of 15.9%, a current efficiency of 42.6 cd /A, and a maximum power efficiency of 24.11m/W.
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IIpiopuTeTHHH HanpsIM PO3BUTKY HayKH i TeXHIKHU: OyHnamMeHTasbHI HAyKOBI HOCIIIPKEHHS 3 HANGIIbII
BRXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCHiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 115 3a0e31e4eHHsI KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOTO PO3BUTKY

CyCIIiZIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HaNPSIM iIHHOBALiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIA
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