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2. Using the effect of delayed fluorescence to increase the efficiency of organic light-emitting diodes

Pedepar:

1. Incepraniiina po60Ta IpuCBIYeHa NiABUIEeHHIO ePeKTUBHOCTI OLED-CTPYKTYp Ha OCHOBI TEpMiYyHO-
aKTUBOBAHOI CIIOBiIIbHEHOI (ylyopeclieH1Lii, IOUYKY HOBUX Ta NEePCIEKTUBHUX OPTaHiYHUX HaNiBIPOBiIHUKOBUX
Marepiais 15 popMyBaHHs eKcuIlekcoyTsopoBanbHUX TADF-cTpykTyp B OLED Ta oprasiyHux jasepax. Y
NEPIIOMY PO37iJii MPOBEIEHO aHali3 MeXaHi3My YTBOPEHHSI TEPMIUHO-aKTUBOBAHOI CIIOBiIbHEHOI (iryopecLeHIii
(TADF) B excuriekcoyTBOpooooYnx cucremax. [1iTBeppykeHO akTyaslbHICTb Ta IPaKTUYHY L[iHHICTh OpraHiYHuX
TADF-Marepiasis 3 TOYKM 30py 3acToCyBaHHs ix B OLED-cTpyKTypax. PO3IisHyTO HOBI MiAX0AM Y BUKOPUCTaHHI
OpPraHiYHUX HaMiBIPOBIZHMKOBUX MaTepiaiB B SKOCTi aKTMBHOTO CEPENOBUILA MiACHUIEHHS Jla3epiB i3
posmozineHnum 3BOpOTHIM 3B's13koM (P33). V npyromy po3spnisi focinkeHo HOBOCMHTE30BaHUM OpPraHiYHUI
HaniBNpoBifHUK 4-eTun-3,5-6ic[40-(N,N-nudeninamin)oipenin-4-in]-4H-1,2,4-rpiazosn (TPA-TZ). 3a nornomoro:o
T€pMOrpaBiMETPUYHOro aHanidy TPA-TZ BCTaHOBIEHO TEeMIIEPATYPY IJIABJIEHHS Ta TEMIIEPATYPy CKJIyBaHH4, 11O
craHoBuiu 173 °C Ta 68 °C BinnoBigHO. 3HaY€HHs TEMIIEPATypy KpUCTali3allii He 6ys10 3adikCcoBaHO, O CBiYNUTh
IIpo nepexin Martepiasny 3 ¢pasu po3niiaBy [0 TBEPAOrO CTaHy. 3HaYeHHs NoTeHuiasny ioxizanii (IP) Ta criopinneHocTi



1o enekrpona (EA) 6ynu onjiHeHi 3a MOYaTKOM MEPIINX IOTEHI[ialiB OKUCHEHHS Ta BifHOBJIEHHS MiCJIs Ta
crta”HoBuiu 5,49 ta 3,14 eB BinnosinHo. 3a cnekrpamu oTtomomiHecHeH1ii Ta docdopecieHiii ojiHeHo eHeprii
nepuoro cuHriaetHoro S1 = 3,12 eB i rpunetsoro T1 = 2,63 eB 36y1pkeHUX CTaHiB, 1O [100pe Y3TOAKYIOThCS 3
pesysibTaTaMy TeOPETUYHUX PO3paxyHKiB TD DFT. BcTaHOBJIEHO, 10 MIDKMOJIEKYJISIPHUAN €KCUILIIEKC HA OCHOBI
IIOHOPHOI HOBOCHHTE30BaHOi crnoyiyky TPA-TZ 3 akLenTopHOIO CKIIanoBoo Ha 0CHOBI PO-T2T xapakrepusyroTbCs
yacaMu 3aTyxaHHs (oTosoMiHecleHlii gosrorpusanoo (0DF=5,2 MKC) CK1ai0Bo10, 1110 MifTBEPIKY€E HASIBHICTD
TADF-edekry. Ha ocHOBi opraniunoro HaniBnposigHuka TPA -TZ cpopmoano OLED-cTpyKTypy 3
€JIEKTPOJIIOMIHECLIEHIIi€I0 6JIaKUTHOTO KOJIbOPY i3 3aJIEXKHMMHU BiJl MPUKJIAZE€HOI HAPTYX KOJIipHUMU
koopauHatamu CIE1931: (0.20, 0.17) npu 8 B i (0.20, 0.23) npu 14 B. MakcumasnbHa 30BHIlIHS KBAHTOBY €(PEKTHUBHICTb
IIPUCTPOIO CTaHOBUJIA 3.5 %, a MAKCUMAaJIbHY sICKpaBicTh - 8400 k1,/M2 nipu 13 B. TakoX Ha OCHOBI
MIXKMOJIEKYJIIPHOI €KCUILIEKCOYTBOPIOBaIbHOI cuctemu TPA-TZ:PO-T2T cpopmoBaHO H6araTomapoBy
CBITJIOBUIIPOMIHIOBaJIbHY T€T€POCTPYKTYPY i3 KosipHuMu koopauHatamu (0.31, 0.48). OLED-nipuctpiit
IIPOJIEMOHCTPYBAB sICKpaBicTb 3995 K71 /M2 i 30BHIIIHIO KBAHTOBY e(peKTUBHiCTb 7% npu 10 B. Y TpeTbomy posaisni
HaBeJIEHO pe3yJbTaTU JOCJiI)KEHHS TPbOX HOBOCUHTE30BAaHUX OPraHiYHUX Kapba30JI0BMiCHUX HalliBIIPOBiAHUKIB
2tCzPy. ¥V 1aHUX CIOJIyKax eHepreTUYHe MOJI0KeHHs nepuoro TpumnseTHoro (T1) piBHs eHeprii € 6JIM3bKAM 10
3Ha4YeHH: 3 €B, Tofi 5K [M0JIOKEHHS CUHIJIETHUX PiBHIB eHeprii S1 3miHIO0THCA Bif, 3 3,3 10 3,17 €B. ¥V pesysnbrari
CUHIJIeT-TpuIlieTHe posuienseHHs (AEST) cnonyk amenmunucs 3 0,25 eB nng 2tCzPy no 0,14 eB ns 4tCzPy. Ha
OCHOBI IaHMX MaTepiasiB LIJISIXOM ITIO€JHAHHS €JIEKTPOJIIOMiHECLEHLIii EKCUTOHHOTO, EKCITMIJIEKCHOIO Ta
€KCUMEPHOTr0 TUITy CTBOPEHO NOBHOKOJIipHI OLED-CTpyKTypH 3 6;1M3bKMMU 10 IPUPOAHBOTO 6isIoro CBiTsIa
koopauHaTtamu (0.31, 0.35), (0.32, 0.34) Ta (0.38, 0.34), makcuMasnbHOI0 sickpasicTio 10000 K1 /M2 Ta 30BHIIIHBOIO
KBaHTOBOIO €(PEKTUBHICTIO Bifi 5% 10 7%. Y 4eTBEpTOMY PO3/iJi LOCIiI>)KEHO Ta 3alIPOIIOHOBAHO HOBI aKTHUBHI
cepeJoBULIA MiICUJIEHHS 1151 JIa3epiB i3 pO3MO1iIeHMM 3BOPOTHIM 3B’13KOM HAa OCHOBi HOBOCUHTE30BaHUX
OpraHiuHMX HaMiBIPOBIAHUKIB. [JOCIiIKeHO BIINB KOHLEHTPaLifHOI (PJIyOpecLeHTHOI JOMIIIKY Ha ITapaMeTpu
reHepauii. OTpruMaHO reHepalio JIa3€pPHOrO BUIIPOMIHIOBAHHS 3 BUKOPUCTAHHSM HOBOCHHTE30BAaHOI'O MaTepiany
DG-21 Ha 1OBXUHI XBUJIi 545 HM Npy eHeprii Hakayku 686 HIDK iMITyIbCHUM J1a3€POM i3 JOBXUHOIO XBUJIi

BUINPOMIiHIOBaHHSA 447 HM Ta TPUBAJIICTIO iMITyJbCiB Bifg 40 mo 90 HC.

2. The thesis is devoted to increasing the efficiency of the OLED structure based on thermally activated delayed
fluorescence, the search for new and promising organic semiconductors for the exciplex-forming TADF structures
in OLEDs and organic lasers. In the first chapter, the mechanism of formation of thermally activated delayed
fluorescence (TADF) in exciplex-forming systems is analyzed. The relevance and practical value of organic TADF
materials from the point of view of their application in OLED structures have been confirmed. New approaches to
the use of organic semiconductors as an active amplification element in distributed-feedback lasers are
considered. In the second chapter, the newly synthesized organic semiconductor 4-ethyl-3,5-bis[40-(N,N-
diphenylamine)biphenyl-4-yl]-4H-1,2,4-triazole (TPA-TZ) is investigated. By means of thermogravimetric analysis
of TPA-TZ, the melting point and glass formation temperature were determined to be 173 °C and 68 °C,
respectively. The value of the crystallization temperature was not recorded, which negatively affects the transition
of the material from the melt phase to the solid state. The values of ionization potential (IP) and electron affinity
(EA) were estimated from the onset of the first oxidation and reduction potentials after formation of 5.49 and 3.14
eV, respectively. The photoluminescence and phosphorescence spectra estimated the energy of the first singlet S1
= 3.12 eV and triplet T1 = 2.63 eV excited states, which are in good agreement with the results of theoretical TD
DFT calculations. It was established that the intermolecular exciplex based on the newly synthesized donor
compound TPA-TZ with the acceptor component based on PO-T2T is characterized by photoluminescence decay
times with a long-term (oDF=5.2 pus) component, which confirms the presence of the TADF effect. Based on the
organic semiconductor TPA-TZ, an OLED structure with blue electroluminescence was formed with CIE1931 color
coordinates dependent on the applied voltage: (0.20, 0.17) at 8 V and (0.20, 0.23) at 14 V. The maximum external
quantum efficiency of the device was 3, 5%, and the maximum brightness is 8400 cd/m2 at 13 V. A multilayer light-
emitting heterostructure with color coordinates (0.31, 0.48) was also formed on the basis of the TPA-TZ:PO-T2T
intermolecular exciplex-forming system. The OLED device demonstrated a brightness of 3995 cd/m2 and an



external quantum efficiency of 7% at 10 V. The third chapter presents the results of the research of three newly
synthesized organic carbazole-containing semiconductors 2tCzPy, 3tCzPy and 4tCzPy. In these compounds, the
energy position of the first triplet (T1) energy level is close to 3 eV, while the position of the singlet energy level S1
varies from 3.3 to 3.17 eV. As a result of singlet-triplet splitting (AEST) of the compounds decreased from 0.25 eV
for 2tCzPy to 0.14 eV for 4tCzPy. On the basis of these materials formed full-color OLED structures with
coordinates (0.31, 0.35), (0.32, 0.34) and (0.38, 0.34) close to natural white light with a maximum brightness of
10,000 cd/m2 and external quantum efficiency from 5% to 7%. In the fourth chapter, new active amplification
element in distributed-feedback lasers based on newly synthesized organic semiconductors are investigated and
proposed. The influence of the fluorescent impurity concentration on the generation parameters was investigated.
The generation of laser emission was obtained using the newly synthesized material DG-21 at a wavelength of 545
nm at a pump energy of 686 nJ by a pulsed laser with an emission wavelength of 447 nm and pulse duration from
40 to 90 ns.
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