Accepted Manuscript ; g
/. PIGMENTS

Effect of increasing electron donor units for high-efficiency blue thermally activated
delayed fluorescence

Jae-Ryung Cha, Chil-Won Lee, Myoung-Seon Gong

Pl S0143-7208(16)31482-6
DOI: 10.1016/j.dyepig.2017.01.053
Reference: DYPI 5753

To appearin:  Dyes and Pigments

Received Date: 26 December 2016
Revised Date: 20 January 2017
Accepted Date: 20 January 2017

Please cite this article as: Cha J-R, Lee C-W, Gong M-S, Effect of increasing electron donor units for
high-efficiency blue thermally activated delayed fluorescence, Dyes and Pigments (2017), doi: 10.1016/
j-dyepig.2017.01.053.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.dyepig.2017.01.053

LUMO

BCz-Trz

m&

TCz-Trz

Quantum cfficiency (%o)

Encrgy Level

Graphical Abstract

Unit:eV
EBL  EML o
24
252
3.35]3.33
3.6
N | N [
o
Sle|E| = 38
Elx | &) C
QO
2= E
=
A
61| = |
6.106.11(6.79
m Devicel3%
® Devicell 7%
A Device ITI 7% A A 4,
A « ® o A
. .
A M - Ll
. =
- - "
" .

T T T
1 10 100 1000

Luminance (cd/m?)



Effect of increasing electron donor units for highefficiency blue

thermally activated delayed fluorescence
Jae-Ryung Ch4, Chil-Won Lee”, and Myoung-Seon Gong*
®Department of Nanobiomedical Science and BK21 PNBB!I Global Research
Center, Dankook University, Cheonan 31116, Repulfli€orea
Department of Chemistry, Dankook University, Cheo#116, Republic of Korea
* Corresponding author. Tel.: +82 41 5501476; fax2 48 5503431.
E-mail: msgong@dankook.ac.kr (M. S. Gong)
ABSTRACT

To enhance the efficiency of organic light-emittidigdes (OLEDSs), the application
of triplet excitons must be maximized. Two donoeegor-type molecules bearing bis-
carbazolyl and tris-carbazolyl groups at trého position of a phenyl-attached triazine
ring were synthesized. These molecules showed sragll singlet—triplet energy gaps
(AEst) of 0.06 and 0.03 eV, respectively, and transiphbtoluminescence (PL)
characteristics, which indicate that they are tlalynactivated delayed fluorescence
(TADF) materials. A high external quantum efficign&QE) of 16.5% with deep blue
color coordinates of (0.15, 0.22) was observedguaidrisCz—Trz TADF emitter. This
interaction between the electron donor and elecawreptor substituents plays a key
role in achieving a very smallEst and good intramolecular charge transfer (ICT)
activities with high photoluminescence (PL).
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1. Introduction

To date, the development of organic light-emittidigdes (OLEDs) has mainly
focused on enhancing the operational lifetime aodigg consumption of devices to
improve their overall efficiency. Commercialized B panels use phosphorescent
materials with an internal quantum efficiency of0%® as their green and red light
emitters. However, blue phosphorescent materiale havery short lifetime because of
their relatively low molecular stability and highperation voltage in blue OLED
devices. Therefore, a new methodology is requineaichieve a high electroluminescent

efficiency for blue OLED devices.

Recently, highly efficient fluorescent materials ttwihigh external quantum
efficiencies have received increased attention gvimthe use of thermally activated
delayed fluorescence (TADF) emitters [1-9]. By camirg the molecular structures of
electron donors and electron acceptors, the endiffgrence between the singlet and
triplet excited statesAEst) can be minimized to develop highly efficient TADF
materials [9-13]. TADF phenomena are processes lhwlapply thermal energy
(approximately 28 meV) at room temperature to naehaving an extremely small
energy difference between the singlet and trigkgies. These processes induce a singlet
state via the reverse intersystem crossing (RI&Ggre a triplet state passes to a more
excited singlet state, displaying delayed fluoreseeas the singlet state transitions to
the ground state. TADF emitters which use singtet @iplet excitons can be exploited
to enhance the external quantum efficiency and tivescome the problems associated

with traditional fluorescent materials.



To develop efficient TADF materials, the RISC amtétamolecular charge transfer
(ICT) need to occur efficiently. To enhance the RIfrocess, a smaller gap between
the S and T, energy levels is desirable. However, when thetedac distributions of
the highest occupied molecular orbital (HOMO) amgvdst unoccupied molecular
orbital (LUMO) overlap, the Senergy level increases as a result. Therefore, the
electron density overlap of the HOMO and LUMO levekeds to be minimized. To
prevent electron density overlap, twisted molecstauctures are preferred [14]. There
is a trade-off between the RISC efficiency and 18 efficiency. Therefore, the
overlap of the HOMO and LUMO distributions needs de adequately adjusted.
Carbazole derivatives with a stable structure Hsaen used as electron donor moieties
of TADF emitters [15-23]. Because carbazole coasistly of aromatic moieties; thus,
it has a high bond dissociation energy. Triazingvdéves have also proven to be stable
because of their aromatic character. Therefore, FAditters have been developed
using carbazole (electron donor moiety) and treaZilectron acceptor moiety) [23-30].
However, the TADF materials reported to date hasewere efficiency roll-off at a high
luminance owing to triplet—triplet annihilation atige triplet—polaron quenching effect

[31].

In this work, we designed and synthesized donoejatoc-type molecules [9,9'-((6-
phenyl-1,3,5-triazine-2,4-diyl)bis(2,1-phenylenégjpH-carbazole) BisCz-Trz) and
2,4,6-tris(2-(H-carbazol-9-yl)phenyl)-1,3,5-triazineTisCz—-Trz)] for application as
blue TADF emitters in OLEDs. In these moleculesp mnd three carbazole electron
donor units are introduced at tletho position of the phenyl ring of the triazine
electron acceptor. These molecules exhibit a vergllsAEst (0.03—-0.06 eV) with very

high electroluminescence efficiencies. Optimizaaebl ADF devices usingrisCz-Trz



show a maximum quantum efficiency of 16.5% and wtaticity coordinates (0.15,
0.22) in the deep blue range. Moreover, the rdllaofL00—-1000 cd/fis less than 10%
(16.5% — 15.6%; 5.45% efficiency drop compared to the maximum efficiency),

meaning that the quantum efficiency drop phenontemge been greatly improved in

the high luminescence range compared to existing BPADF materials.



2. Experimental

2.1. Materials and Measurements

Zinc chloride, $-carbazole, 1,2-dibromobenzene, copper iodide {@id€hem. Co.),
1,1'-bis(diphenylphosphino)ferrocene-palladium(ll) dichloride dichloromethane
complex, tetrakis(triphenylphosphine)palladium@}-dichloro-6-phenyl-1,3,5-triazine,
2,4,6-trichloro-1,3,5-triazine, and 4,4,4' 4' 5\ %%0ctamethyl-2,2'-bi(1,3,2-
dioxaborolane) (P&H Tech. Co. Korea) were used euthfurther purification.
Potassium carbonate, potassium acetadN-dimethylacetamide, 1,4-dioxane,
tetrahydrofuran, dichloromethane, n-hexane, andmiethane (DukSan Sci. Co. Korea)
were used as received.

The 'H and **C nuclear magnetic resonance (NMR) spectra wererded using a
Varian Ascend 500 (500 MHz) spectrometer. The phatmescence (PL) spectra were
recorded using a fluorescence spectrophotometerscqJa FP-6500), and
photoluminescence quantum yield (PLQY) was meashyeabsolute PL quantum yield
spectrometer (Hamamatsu, C11347-11). Ultraviolsible (UV-vis) spectra were
obtained by means of a UV-vis spectrophotometem{&tzu UV-1601PC). Elemental
analyses (EAs) were performed using a Thermo FiSkamntific Flash 2000 elemental
analyser, and low- and high-resolution mass spewotr@ recorded using a JEOL JMS-
600W spectrometer in the electron ionization (Ei)l dast atom bombardment (FAB)
modes. Differential scanning calorimetry (DSC) meaments were performed using a
Shimadzu DSC-60 calorimeter in nitrogen at a heatate of 10 °C/min, and the
thermogravimetric analysis (TGA) measurements wesdormed using a Shimadzu
TGA-50 thermogravimetric analyser at a heating cate0 °C /min.

2.2. Preparation of 9-(2-bromophenyl)-9H-carbazole



A mixture of H-carbazole (5.5 g, 32.89 mmol), 1,2-dibromobenz@rie64 g, 49.34
mmol), copper iodide (3.13 g, 16.45 mmol), and gsitam carbonate (9.09 g, 65.79
mmol) in anhydrousN,N-dimethylacetamide (120 mL) was degassed with génofor

30 min while stirring. The reaction mixture wasrnhefluxed in nitrogen for 24 h. The

crude mixture was filtered, and the residue washedswith dichloromethane (8 50

mL). The combined filtrates were evaporated uriigyt were dry The residue was
purified by column chromatography (silica gel, 508hexane in dichloromethane) to
give 9-(2-bromophenyl)49-carbazole as a white solid.
'H NMR (500 MHz, CDCY): 5 7.06 (d, 2HJ = 12 Hz), 7.28 (t, 2H) = 18 Hz), 7.39 (t,
3H, J = 18 Hz), 7.43-7.52 (m, 2H), 7.84 (d, 1H; 12 Hz), 8.14 (d, 2H] = 12 Hz).*C
NMR (CDCk): 6 110.0, 120.0, 120.3, 123.2, 123.8, 125.9, 12838,11 131.1, 134.2,
136.7, 140.8.
2.3. Preparation of 9-(2-(4,4,5,5-tetramethyl-1;8j2xaborolan-2-yl)phenyl)-9H-
carbazole

A mixture of 9-(2-bromophenyl){9-carbazole (10 g, 31.04 mmol), 4,4,4',4',5,5,5',5'-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (10.25 g, 0.35 mmol), 1,1-
bis(diphenylphosphino)ferrocene-palladium(ll) dmtdle dichloromethane complex
(0.76 g, 0.93 mmol), potassium acetate (9.14 g1193anmol), and anhydrous 1,4-

dioxane (180 ml) was degassed with nitrogen for While stirring. The reaction

mixture was then maintained in nitrogen at’80for 24 h. The mixture was diluted with

dichloromethane and washed with distilled waterO(h0L) three times. The organic
layer was dried over anhydrous MgsS@nd evaporateéh vacuoto give the crude

product, which was purified by column chromatograpising dichloromethane/



hexane and gave a white powder.

'H NMR (500 MHz, CDCY): § 0.79 (s, 12H), 7.18 (d, 2H,= 12 Hz), 7.25 (t, 2HJ =
18 Hz), 7.37 (t, 2HJ = 18 Hz), 7.53 (t, 2H] = 18 Hz), 7.69 (t, 1H) = 16 Hz), 7.96 (d,
1H,J = 12 Hz), 8.14 (d, 2H] = 12 Hz)."*C NMR (CDCE): & 24.4, 83.4, 109.7, 119.1,

119.9, 123.1, 125.5, 127.6, 128.6, 132.1, 136.3,114.42.4.

2.4. Preparation of 9,9'-((6-Phenyl-1,3,5-triazidet-diyl)bis(2,1-phenylene))bis(9H-
carbazole) BisCzTrz)

9-(2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yi@nyl)-H-carbazole (11.04 g,
27.87 mmol), 2,4-dichloro-6-phenyl-1,3,5-triazine3 (g, 13.27 mmol), and
tetrakis(triphenylphosphine)palladium(0) (1.53 g33lmmol) were dissolved in a 2 M

potassium carbonate solution (40 mL) and tetraHydam (100 mL). The reaction

mixture was stirred for 24 h at 8€C. The mixture was diluted with dichloromethane

and washed with distilled water (100 mL) three sm€he organic layer was dried over
anhydrous MgS® and evaporatedh vacuoto give the crude product, which was
purified by column chromatography using dichloronagteh-hexane and gave a pale
yellow powder.

BisCz-Trz: Yield 71%. Ty 100 °C, Ty 263 °C, Tq: 374 °C (5% weight loss)*H
NMR (500 MHz, CDC¥): 6 6.79 (d, 2HJ = 8 Hz), 6.895 (t, 2H) = 15 Hz), 6.965 (d,
4H,J = 8 Hz), 7.163-7.217 (m, 5H), 7.263 (t, 4Hs 15 Hz), 7.478 (t, 2H] = 15 Hz),
7.563 (d, 2H,J = 8 Hz), 7.659-7.708 (m, 4H), 7.986 (d, 4H= 8Hz). *C NMR
(CDCl): & 109.4, 119.4, 120.1, 123.3, 125.9, 127.8, 12&8,6] 130.4, 131.9, 132.4,
132.6, 135.3, 136.4, 141.5. Mass'(Bh/z 639 [(M+H]]. Anal Calcd for GsHzoNs: C,

84.48%; H, 4.57%; N, 10.95%. Found: C, 84.48%; 137%; N, 10.86%. UV-ViSAnax



= 339 (THF) nm. Fluorescencisax (emission) = 457 (solid state) niy = 0.756.

2.5. Preparation of 2,4,6-Tris(2-(9H-carbazol-9pHEenyl)-1,3,5-triazineTisCz-Trz)
9-(2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-Yigoyl)-H-carbazole  (15.36 g,
53.68 mmol), 2,4,6-trichloro-6-1,3,5-triazine (3 ¢,16.27 mmol), and
tetrakis(triphenylphosphine)palladium(0) (2.82 gd4fmmol) were dissolved in a 2 M
potassium carbonate solution (40 mL) and tetraHydam (100 mL). The reaction
mixture was stirred for 24 h at 8C€. The mixture was diluted with dichloromethane
and washed with distilled water (100 mL) three sm€he organic layer was dried over
anhydrous MgS® and evaporatedh vacuoto give the crude product, which was
purified by column chromatography using dichloronagteh-hexane and gave a pale
yellow powder.

TrisCz-Trz: Yield 37%. Ty 126 °C, Ty 323°C, Tq: 395°C (5% weight loss)*H

NMR (500 MHz, CDCY): & 6.238 (d, 3H,) = 8 Hz), 6.558 (d, 6HJ = 8 Hz), 6.968 (t,
3H,J = 15 Hz), 7.2167.261 (m, 12H), 7.341 (d, 3H,= 8 Hz), 7.485 (t, 3H] = 15 Hz),

8.100 (d, 6H,) = 7 Hz)."3C NMR (CDCE): & 109.4, 119.2, 123.2, 125.9, 128.2, 130.0,
132.2, 133.6, 136.0, 141.3, 170.2. Mass"YEh/z 803 [(M+H]J]. Anal Calcd for
Cs7H3eNg C, 85.05%; H, 4.51%; N, 10.44%. Found: C, 85.0H4.49%; N, 10.45%.
UV-vis: Amax = 339 (THF) nm. Fluorescenc#ax (emission) = 457 (solid state) niy
= 0.708.
2.6. Device fabrication and measurements

All devices were basically prepared using a vacubermal evaporation process.
4,4'-cyclohexylidenebi$|,N-bis(4-methylphenyl)aniline] (TAPC) was chosen asoée

transport layer; 1,3-bibkcarbazolyl)benzene (mCP) and diphenylphosphineles#i



(triphenylsilyl)phenyl (TSPO1) were applied as theiton blocking and hole blocking
layers; 1,3,5-trid{-phenylbenzimidazole-2-yl)benzene (TPBi) was usedha electron
transport  layer; and poly(3,4-ethylenedioxythiopdepoly(styrenesulfonate)
(PEDOT:PSS) and\,N-diphenylN,N-bis-[4-phenyl-m-tolyl-amino]-phenyl]-biphenyl-
4,4'-diamine (DNTPD) were used as the hole injectimyer. The reason for using
DNTPD instead of PEDOT-PSS is to adjust the changetion and charge transfer for
charge balance. Device structures for devices §nd Il are as follows and are shown
in Fig. 1

<Fig. 1>
Device I: ITO/PEDOT:PSS (60 nm)/TAPC (20 nm)/mCB (In)/mCPBisCz-Trz (25
nm, 1, 3, and 5% doping)/TSPO1 (5 nm)/TPBi (30 hR){1 nm)/Al (200 nm).
Device II: ITO/PEDOT:PSS (60 nm)/TAPC (20 nm)/mCE (nm)/mCPTrisCz-Trz
(25 nm, 1, 3, 7 and 10% doping)/TSPO1 (5 nm) )/TE® nm)/LiF (1 nm)/Al (200
nm).
Device IlI: ITO/DNTPD (50 nm)/TAPC (20 nm)/mCP (1n)/mCPTrisCz-Trz (25nm,
7% doping)/TSPO1 (5 nm)/TPBi (30 nm)/LiF (1 nm)AR00 nm).
The electrical evaluation of the devices was peréat with a Keithley 2400

sourcemeter, and the optical evaluation was caaugdvith CS 2000 spectroradiometer.



3. Results and discussion
3.1. Synthesis and characterization

The two TADF emitters developed in this work hawe &and three carbazole units as
the electron donor moieties, and the triazine sdacticceptor moiety is linked to the
two- and three-carbazole moieties through a phepgter at thertho position. Scheme
1 presents the synthesis of the two blue TADF nedteBisCz-Trz and TrisCz-Trz
were prepared by the Suzuki coupling reaction bebatee boronic ester form of alkyl-
substituted 9-phenylcarbazole, 2,4-dichloro-6-plhdny,5-triazine, and 2,4,6-trichloro-
6-1,3,5-triazine BisCz-Trz and TrisCz-Trz purified by column chromatography and
vacuum sublimation were used for material char&ztgon and device fabrication.

Fig. 2 presents the molecular orbitals of the TADF emitiglculated by using the
B3LYP 6-31G* basis set of the Gaussian 09 progréine HOMO was mainly located

at the carbazole unit of the TADF emitters, and théMO was dispersed over the

phenyl-spaceitriazine unit regardless of the type of electromalomoiety. The large

torsion angles separating the HOMO and LUM@®ECz-Trz andTrisCz-Trz were 66

and 67, respectively. Thertho linkage can distort the carbazole from the phetghe

by steric hindrance, and the degree of HOMOMO overlap at the TADF emitter can

be decreased by the large torsion angle betweenreldwtron donor and electron
acceptor moiety.
<Fig. 2>
The Calculated AEst of BisCz-Trz and TrisCz-Trz was 0.06 and 0.04 eV,
respectively, and was expected to cause an RIS@dwer, the HOMO and LUMO are

not completely separated but adequately separttedexpected that the fluorescence

10



quantum efficiency, because the partially overlaggdOMO and LUMO in the phenyl
spacer improves the ICT characteristics.

3.2. Thermal properties

The thermal stability oBisCz-Trz andTrisCz-Trz was studied by using thermograms

from DSC and TGA. The glass transition temperaflgevas determined from the

inflection point of the endothermic curves: 100 for BisCz-Trz and 126°C for

TrisCz-Trz. The value of §was 26°C higher forTrisCz-Trz compared tdBisCz-Trz

because the former has a symmetric structure agidrholecular weight. The melting

points ofBisCz-Trz andTrisCz-Trz were 263 and 323C, respectively. From the TGA
measurements, we determined the 5% weight lossetertye to be 374C for BisCz-

Trz and 395°C for TrisCz-Trz (ESI Fig. S5-S§. BisCz-Trz andTrisCz-Trz have high

thermal stability, which is expected to show favmegproperties for device stability and
lifetime.
3.3. Optical properties

The light absorption and emission of the blue TAD&terials were analysed by using

UV-vis and PL spectroscop¥ig. 3 presents the UV-vis absorption and PL spectra of

BisCz-Trz andTrisCz-Trz. The 2968300 nm range is the-r* transition; the 306350

nm range is the net transition of carbazole; and the 3850 nm range shows the ICT

absorption characteristics between electron accepié (triazine moiety) and electron
donor unit (carbazole moiety). This type of absierpoccurs more strongly ifrizCz-
Trz where the electron donor unit is increased. Thasmement of the singlet energy

of BisCz-Trz andTrisCz-Trz was determined in the maximum emission wavelenfth

11



PL in polystyrene matrix, which was measured thmesat 2.71 eV (Phax 457 nm.)
The triplet energies ofBisCz-Trz and TrisCz-Trz were 2.65 and 2.68 eV,
respectively, on the basis of the phosphorescenissean peak in a frozen

tetrahydrofuran solution measured at 77 K afteelaydtime of 100 ps was applied. The

singlettriplet energy gapsAEst) of BisCz-Trz andTrisCz-Trz were 0.06 and 0.03 eV,

respectively.BisCz-Trz and TrisCz-Trz emitters designed on the basis of trého-

phenyl linkage platform exhibited a very smaklsy less than 0.1 eV via the distortion

of the molecular geometry. The singlet and trigleérgies of the TADF emitters were
reduced by modifying the number of carbazole meseéis the electron donor group.
<Fig. 3>

The decay curves of the delayed fluorescence emis3fBisCz-Trz and TrisCz-
Trz were investigated by transient PL measurementBis€z-Trz and TrisCz-Trz
dispersed in mCHEig. 4 shows the transient PL decay curve8siCz-Trz andTrisCz-
Trz. The lifetimes of the delayed emission calculdtech the decay curves were 5.4 ps
for BisCz-Trz and 5.0 us foffrisCz-Trz . This indicates that the delayed fluorescence
process contributes to the light emission8isCz-Trz andTrisCz-Trz. The reason for

the relatively short decay time is that the effextRISC occurs as a result of the small

singlettriplet energy difference; therefore, the conceitreof the triplet-state excitons

is rapidly exhausted.
<Fig. 4>
3.4. Electrochemical properties
The ionization potential (IP) and electron affin{gA) of the blue TADF emitters

were measured by cyclic voltammetry (CV) to predit HOMO and LUMO, as

12



shownFig. 5. The IP/EA ofBisCz-Trz andTrisCz-Trz were -6.10/-3.35 eV and -6.11/-
3.33 eV, respectively. The IP/EA gaps were 2.75 arikB eV forBisCz-Trz and
TrisCz-Trz, respectively. The HOMO/LUMO levels were similartheBisCz-Trz and
TrisCz-Trz emitters. These results show similar LUMO levelsspite the increased
carbazole unit because the interaction betweencéinbazole and triazine units also
minimizes the influence on triazineTable 1 presents the basic thermal and
photophysical properties &isCz-Trz andTrisCz-Trz.

<Fig. 5> <Table. 1>
3. 5. Device properties

The two TADF emitters were evaluated as blue emsitby doping in the mCP host

material. Fig. 6 shows the current-densiyoltage and luminane®oltage curves of

devices I, Il, and lll. The decrease in the curréensity of device Il for the increase
from 1% doping to 3% or 7% doping is due to thergbgelectron) trapping effect of
the TADF materials in the LUMO level. The decreas¢he current density when the
dopant concentration is changed from 7% to 10%uis th the increase in charge
transfer between dopants.
<Fig. 6>

The quantum efficiencies of devices I, Il, andWeére calculated from the current
density and luminance are plotted versus the lunti@anFig. 7. The increase in the
number of electron donor units enhanced the exteuantum efficiency (EQE). The
maximum EQEs of devices | (3%), Il (7%), and 1194y were 12.2%, 14.9%, and
16.5%, respectively. A dramatic improvement in B@E was realized by increasing the
number of carbazole units attached to t¢intho-phenyl linkage. The EQE decreased

slowly with increasing luminance and the EQE ofideMIl remained 16.5% at 100

13



cd/n? and 15.6% at 1000 cdfmcorresponding to 100% and 94.5% of the maximum
EQE, respectively.

The triplet energy difference between mCP of hostemal and BisCz-Trz or TrisCz-
Trz was less than 0.3 eV. Triplet excitons formadte light emitting layer mainly
remained stayed in dopants, thus the dopant-dopEhtwvas caused because of a long
lifetime relative to the singlet excitons. GenegrallTA can be explained by the Dexter
or Forster transfer mechanism, when two tripletiters are in close proximity.
Through this energy transfer process, one is formedhigh energy state (br S,) and
the other is formed in the bottom energy statg (S2]. If the concentration of the
dopant is high or if the dopant is aggregatedripéet excitons can cause TTA through
Dexter energy transfer in principle. An exchangelefctrons occurred through overlap
of Dexter energy transfer molecular orbital, and ® state and J or §, state are
formed through electron transfer of HOMEGHOMO and LUMO>LUMO.

In the molecular structure of TrisCz-Trz, the ad¢oepnit of triazine is surrounded
by a donor unit in the carbazole. Therefore, HOM@ &UMO is located outside and
inside of the molecular, so that the overlap of LONdetween two triplet excitons
become limited. As a result, in order to generaf@ by the Dexter mechanism, both
HOMO and LUMO electrons must be able to move. Hevew the case of TrisCz-Trz,
the transfer of LUMO electrons is limited and th&ATphenomenon is expected to be
reduced. Due to these molecular structural pragerthe roll-off properties of TTA in
the device are improved compared to other TADF radse

Table 2 presents the characteristics of devices |, I, dihcat different doping
concentrations.

<Fig. 7> <Table. 2>

14



Fig. 8 presents the electroluminescence (EL) spectr8ie€z-Trz and TrisCz-Trz
devices characterized with a spectroradiometer. Waximum emission peaks of
devices I, Il, and Ill were 465, 467, and 468 nrespectively, and very similar
characteristics were obtained. The full width atf maximum (FWHM) values of
devices |, Il, and Il were 63, 62, and 64 nm, extjvely. The color coordinates of
devices |, I, and Il were (0.15, 0.20), (0.152D. and (0.15, 0.22) respectively.
Although the number of carbazole units increasestiogs |, 1l, and Il had similar color
coordinates and maximum emission wavelengths withreow emission spectrum.
<Fig. 8>

4. Conclusion
In conclusion, new blue TADF emitteiBisCz-Trz andTrisCz-Trz, were designed and

synthesized. These molecules demonstrated veryl shia} (0.03-0.06 eV) and

improved ICT characteristics by increasing the nembf electron donor units and
ortho-linking electron donor and electron acceptor megetThe blue TADF device

usingTrisCz-Trz showed a high quantum efficiency and deep bluesson in the high

luminescence range (180000 cd/M). Therefore, th@rtho-linked design approach can

be useful for TADF material design to obtain a dmdsr and good ICT transition. A
molecular design strategy which includes more edectionor units and distributes the

HOMO uniformly would allow for the development afyh-EQE TADF devices.
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Table captions

Table 1. Basic thermal and photophysical properties of BisCz-Trz and TrisCz-Trz.
Table 2. Blue TADF OLEDs characteristics using BisCz-Trz and TrisCs-Trz at different

doping concentrations.



Table 1. Basic thermal and photophysical properties of BisCz-Trz and TrisCz-Trz.

Materials _
_ BisCz-Trz  TrisCz-Trz
Properties

Purity HPLC % 09.9 99.9
Thermal DSC Ty 100 126
Analysis (C) Tm 263 323

uv Max(nm) 339 339

Optical PL(Solid) St 2.71 (457 nm)  2.71 (457 nm)
Analysis LT PL T1 2.65 2.68
PLQY % 75.6 70.8
Electric.al V) HOMO’ -6.10 -6.11
Analysis LUMO® -3.35 -3.33
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Table 2. Blue TADF OLEDs characteristics using BisCz-Trz and TrisCs-Trz at

different doping concentrations.

Maximum 500 cd m (1000 cd m?)
Devices QE? PED CE® QE PE CE Voltage Color
[%] [ImW?Y  [cd A [%] [Imw? [cd A7 V] coor dinate
BisCzTrz1% 42 27 63 32 17 49 91 0.18,0.21
BisCzTrz3% 122 65 185 11589 57(42 174(135) 96(89) 015,020
BisCzTrz5%  10.9 6.4 167 84(68)  42(32) 129(104) 97(68) 015021
TrisCz-Trz1% 88 73 128 7.0 43 10.2 75 0.15,0.19
TrisCz-Trz3% 111 8.2 17.0 82(69)  43(33) 126(105) 92(100) 015021
TrisCz-Trz7%  14.9 96 230 147(134) 84(71) 228(208) 85(93) 015021
T”‘;%;‘)Trz 113 85 183 10692 68(53) 172(150) 80(89) 015023
r i(sgﬁTTF[é)? % 165 123 239 148(156) 81(93) 213(225) 83(77) 015022

AQE, quantum efficiency; "PE, power efficiency; “CE, current effieciency.



Scheme and Figure captions

Scheme 1. Synthetic scheme of BisCz-Trzand TrisCz-Trz.

Fig. 1. Device structure of the blue thermally activated delayed fluorescent device using
BisCz-Trzand TrisCz-Trz.

Fig. 2. Simulated HOMO and LUMO distribution of BisCz-Trzand TrisCz-Trz.

Fig. 3. UV-vis solid PL and low temperature PL spectra of BisCz-Trz and TrisCz-Trz.
Fig. 4. Photoluminescence decay curves of BisCz-Trzand TrisCz-Trz.

Fig. 5. Electrochemical oxidation and reduction curves of BisCz-Trzand TrisCz-Trz.
Fig. 6. Current density-voltage and luminance-voltage curves of blue TADF OLEDs.
Fig. 7. Quantum efficiency-luminance curves of blue TADF OLEDs.

Fig. 8. EL spectra of blue TADF OLEDs.
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Scheme 1. Synthetic scheme of BisCz-Trz and TrisCz-Trz.
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Fig. 1. Device structure of the blue thermally activated delayed fluorescent device using

BisCz-Trzand TrisCz-Trz.
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Fig. 2. Smulated HOMO and LUMO distribution of BisCz-Trzand TrisCz-Trz.
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Fig. 3. UV-vis solid PL and low temperature PL spectra of BisCz-Trz and TrisCz-Trz.
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Fig. 4. Photoluminescence decay curves of BisCz-Trz and TrisCz-Trz.
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Fig. 5. Electrochemical oxidation and reduction curves of BisCz-Trz and TrisCz-Trz.
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Fig. 6. Current density-voltage and luminance-voltage curves of blue TADF OLEDs.
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Fig. 7. Quantum efficiency-luminance curves of blue TADF OLEDs.
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Fig. 8. EL spectra of blue TADF OLEDs
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Highlights
*Two donor—acceptor molecules with carbazoles aottie position of a phenyltriazine ring
were prepared.
» The two and three electron donor-acceptor-type FADpant materials were synthesized.
* Blue color coordinates of (0.15, 0.22) was obsg¢ngng a TrisCz—Trz emitter.

* It showed high EQE of 16.5% andsrof 0.03 eV.



