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Abstract

In this work, a novel twisted 3-benzoyl-4H-chrom&ne (BZC) acceptor is reported and a
BZC-based thermally activated delayed fluorescencg TADF) emitter,
3-(4-(10H-phenoxazin-10-yl)benzoyl)-4H-chromen-4&0nBZC-PXZ), is developed. The
unique structure of BZC endows BZC-PXZ with favdeamolecular and stacking structures.
First, the small and twisted structure of BZC graug only brings about large dihedral angle
(88.78°) between donor and acceptor groups, but eficiently preventstn interaction.
Second, the three oxygen atoms of BZC group bringutabundant weak intermolecular
interactions which can enhance the charge-transgoability of BZC-PXZ and facilitate the
exciton recombination on it. As a result, BZC-PXhibits small singlet-triplet energy splitting
(0.02 eV) and high photoluminescence quantum \i@R%o) simultaneously. Meanwhile, the
BZC-PXZ-based device displays high efficiency (6ddbA, 69.0 Im/W, 21.3%), high exciton
utilization efficiency (77.2%) and low roll-off ofefficiencies even at ultralow doped
concentration of 1%. These results demonstrate B¥E group is a good acceptor for

developing high-performance TADF emitters.

Keywords. Thermally activated delayed fluorescence; 3-Benbjdichromen-4-one, Small

singlet-triplet splitting; High photoluminescenceamtum yield; Efficient exciton utilization



1. Introduction

As the third-generation emitter of organic lightittimg diodes (OLEDS), thermally activated
delayed fluorescence (TADF) emitter gains muchnétta in the past decade [1-11]. For TADF
emitter, two parameters are most important: siAgieet splitting AEst) and
photoluminescence quantum yield (PLQY). Generaliyall AEst and high PLQY are essential
for efficient exciton utilization and high-performee TADF emitter. Previous studies indicate
that the donor (D) and acceptor (A) compositionugoplay a vital role in determiningest
and PLQY[12-15]. For example, the combination abmsty donor and strong acceptor can
separate the highest occupied molecular orbital MI@) and lowest unoccupied molecular
orbital (LUMO) to realize smalhEs[16]. To meet the demand of TADF emitters, resesish
have developed many donor and acceptor groups[L7f2% donors, their choices are
relatively fixed, including carbazole, aromatic ami phenoxazine and their derivatives[23-24].
Hence, TADF studies mainly focus on developing reeptors, molecular structures and
exciplex-TADF[25-31]. In the past decade, many ptmes have been introduced, including
cyanobenzene, pyrimidine, triazine, arylborane[32t34]. Based on these acceptors, many
excellent TADF emitters have been reported[35-B@jwever, until now, TADF emitters have
not been adopted in actual products because tedormance need to be further improved. To
realize this goal, new composition groups and ma&cstructures are needed. Therefore,
developing novel acceptor for high-performance TAdhitters is still highly desired.

Herein, we report a novel 3-benzoyl-4H-chromeoré- (BZC) acceptor and a BZC-based
TADF emitter, 3-(4-(10H-phenoxazin-10-yl)benzoyh4€hromen-4-one (BZC-PXZ)Stheme
1). From the crystal structure of BZC-PXZ, it coldd seen that BZC group was a small and
twisted acceptor and the unique structure of BZGupgrcould endow the material with
favorable molecular and stacking structures. PhHotsigal measurements indicated that
BZC-PXZ possessed smalEst (0.02 eV), high PLQY (93%) (measured in doped fimCP:
5% BZC-PXZ) and short delayed fluorescence exclifatime (4.47 us). BZC-PXZ-based
device displayed high performance. At the dopedcentrations of 1%, 5% and 10%, the
maximum external quantum efficiency (EQE) of desiegere 21.3%, 22.0%, 20.9%, while the

maximum exciton utilization efficiency (EUE) wer&.2%, 78.9%, 75.7%, respectively. These



results demonstrated that BZC group was a goodptmcéor developing high-performance

TADF emitters.

2. Experimental Section

2.1. General Information

All the starting chemicals for the synthesis weuechased from commercial sources and used
as received without purification unless otherwisg¢ed. All the solvents used for the synthesis
were dried by sodium or calcium hydride and distllunder nitrogen atmospherel NMR
spectra were measured using an AVANCE 600 MHz speeiter (Bruker). Mass spectrometry
were measured by Shimazu LCMS2020 instrument. Wditet-visible (UV-Vis) absorption
spectra were tested using a Hitachi U-3900 speattometer. Fluorescence spectra were
recorded using a Horiba FluoroMax-4 spectrophotemgpectrometer. The transient PL decay
characteristic of the material was investigatedngisan Edinburgh Instruments FLS980
spectrometer. Thermal gravimetric analysis (TGAJ differential scanning calorimetry (DSC)
characteristics were determined by a TA Q600 thgramometer and NETZSCH DSC204
instrument using the heating rate of 10 °C Thinnder nitrogen atmosphere to obtain the
compound weight loss. Cyclic voltammetry used attebchemical workstation, the working
electrode was a platinum electrode, the referelemrede was an Ag electrode, and the counter
electrode was a platinum wire. The redox potentas measured in a 0.1 M solution at a scan
rate of 100 mV 3 with tetrabutylammonium hexafluorophosphate (TBARSS the electrolyte.
The photoluminescence quantum vyields (PLQYs) wereasured with the Yokohama
C9920-02G assay system. The transient photolunmenescdecay characteristics of the doped
film (MCP: 5% BZC-PXZ) was measured under nitrogémosphere at room temperature.
According to the material properties, the excitatwavelength was 325 nm and the emission
wavelength was 430 nm. Single-crystal diffractioatad were collected on a Rigaku
R-AXIS-RAPID diffractometer using the-scan mode with graphite-monochromator Me-K
radiation. The structure was solved with direct hods using the SHELXTL programs and
refined with full-matrix least squares oA. lhe crystal data can be obtained free of charge
from the Cambridge Crystallographic Data Centre QCC1962908).

The vacuum sublimation was carried out at the suddion machine from Shenyang Keyou



Vacuum Technology Co., Ltd. This machine had twatimg sections to set up different
temperatures. For BZC-PXZ, the two section tempeesat were set to 120 and 220,
respectively. The vacuum pressure was 2.0xR@. After 12 h, the sublimation finished and
pure BZC-PXZ was obtained.

The DFT calculations were performed using Gaus8taprogram package. The geometrical
structure was fully optimized with C1 symmetry cwasts by using the restricted closed-shell
B3LYP method with 6-31G* basis set. The lowest Eh¢S,) and lowest triplet (1) energies
were evaluated based on a time-dependent DFT (TDyrBpproach at B3LYP/6-31G* level.

2.2. OLED fabrication and characterization

All the devices were fabricated on indium tin ox{tilEO) substrate with a sheet resistance of 15
Q/sq and a thickness of 135 nm. The ITO substrate gleaned with acetone, detergent,
distilled water in sequence, and then in an ultnassolvent bath. After dried at 8C for 1 h,
the ITO substrates were treated with UV-ozone fomfin. The substrate was transferred to a
vacuum deposition chamber. HAT-CN, TAPC, TCTA, hgsést doped luminescent layer (mCP:
BZC-PXZ), Bphen, LiF and aluminum were evaporatedeéquence through a shadow mask
with an array of 2.25 mfunder the pressure of 5.0%4®a. The current-voltage-luminance
(J-V-L) characteristics were tested using a KeithB100 Semiconductor Characterization
System and a calibrated silicon photodiode. ThetlRiminescent (EL) spectra and brightness
were tested by a spectrograph PR-670. All the mieasnts were carried out under argon
conditions at room temperature.

2.3. Synthesis

Methyl 4-(10H-phenoxazin-10-yl) benzoate (M1): To a two-necks round-bottom flask,
10H-phenoxazine (3.66 g, 20 mmol), methyl iodobeted5.50 g, 21 mmol), cuprous oxide
(6.00 g, 42 mmol) and dimethylacetamide (30 mL)enaided. The mixture was stirred at 160
for 24 hours under nitrogen atmosphere. After cmplo room temperature, the mixture was
filtrated and the filtrate was poured into 500 mater and stirred for 10 min. The crude product
was collected by filtration and purified by colunohromatography on silica gel (eluent:
petroleum/dichloromethane = 1:1) to provide a gaken solid (5.78 g, 90% yieldH NMR
(600 MHz, CDC}, 5): 8.26 (d,J = 8.2 Hz, 2H), 7.44 (d) = 8.2 Hz, 2H), 6.70 (t) = 5.8 Hz,
2H), 6.67 (t,J = 7.8 Hz, 2H), 6.59 () = 7.3 Hz, 2H), 5.92 (d] = 7.9 Hz, 2H), 3.97 (s, 3H).



HRMS: 317.1056 [M](calcd: 317.11). Anal. Calcd for,gH1sNOs: C 75.70, H 4.76, N 4.41, O
15.12; found: C 75.58, H 4.77, N 4.43, O 15.20.

4-(10H-phenoxazin-10-yl) benzoic acid (M2): A mixture of M1 (4.82 g, 15 mmol),
methanol (60 mL) and 1 M aqueous NaOH (60 mL) wared and refluxed for 6 hours under
nitrogen atmosphere. After cooling to room tempetthe mixture was poured into 250 mL
water and acidified by adding 1 M aqueous HCI uh& pH of the mixture was adjusted to 5.0.
The crude product was collected by filtration andifped by column chromatography on silica
gel (eluent: petroleum/dichloromethane = 1:4) tovpde a pale green solid (3.91 g, 86% yield).
'H NMR (600 MHz, DMSOds, 5): 13.18 (s, 1H), 8.20 (d, = 7.5 Hz, 2H), 7.56 (d] = 7.5 Hz,
2H), 6.77 (d,J = 7.3 Hz, 2H), 6.72-6.67 (m, 4H), 5.90 (= 7.5 Hz, 2H). HRMS: 303.0884
[M]* (calcd: 303.09). Anal. Calcd forigH:3NOs: C 75.24, H 4.32, N 4.62, O 15.82; found: C
75.26, H 4.33, N 4.65, O 15.77.

2-Acetylphenyl 4-(9H-carbazol-9-yl) benzoate (M 3): A mixture of M2 (3.64 g, 12 mmol),
3-acetyl-4-hydroxybenzene-1-ylium (1.5 mL, 13 mmdbpyrrolidinopyridine (3.50 g, 5 mmol)
and N, N-dicyclohexylcarbodiimide (7.00 g, 26 mmaljere added into 150 mL dry
dichloromethane under nitrogen atmosphere. Theumaxtvas stirred at room temperature for
12 hours. Then the mixture was filtrated and washi¢id 200 mL dichloromethan&he solvent
was removed by rotary evaporation. The product peagfied by column chromatography on
silica gel (eluent: petroleum/dichloromethane =) 1i® provide a yellow solid (4.20 g, 83%
yield). '"H NMR (600 MHz, CDC}, 5): 8.43 (d,J = 8.2 Hz, 1H), 7.90 (dJ = 6.3 Hz, 1H),
7.40-7.62 (m, 4H), 6.63-6.73 (m, 8H), 6.00 Jc& 7.0 Hz, 2H), 2.60 (s, 3H). HRMS: 421.1278
[M]* (calcd: 421.13). Anal. Calcd for,@H:0NO4: C 76.95, H 4.54, N 3.32, O 15.18; found: C
76.88, H 4.53, N 3.35, O 15.22.

1-(4-(10H-phenoxazin-10-yl) phenyl)-3-(2-hydr oxyphenyl) propane-1, 3-dione (M4): The
M3 (4.21 g, 10 mmol), KOH (672 mg, 12 mmol) wereded into 150 mL dry pyridine and
heated at 601 for 6 hours. After cooling to room temperature tavavas added and the pH of
the mixture was adjusted to 5.0 by adding 10% HGé& product was collected by filtration and
purified by column chromatography on silica gelugeit: petroleum/dichloromethane = 1:2) to
provide an orange solid (3.62 g, 86% yiefth. NMR (600 MHz, CDC}, 3): 15.53 (s, 1H),
12.06 (s, 1H), 8.17 (d] = 8.5 Hz, 2H), 7.81 (dJ = 8.5 Hz, 1H), 7.50 (dJ = 6.8 Hz, 2H),



6.91-7.05 (m, 3H), 6.62-6.72 (m, 6H), 5.98 J&& 7.9 Hz, 2H), 4.70 (s, 1H). HRMS: 421.1277
[M]* (calcd: 421.13). Anal. Calcd for,@H:0NO4: C 76.95, H 4.54, N 3.32, O 15.18; found: C
76.93, H4.54, N 3.33, O 15.19.

3-(4-(10H-phenoxazin-10-yl) benzoyl)-4H-chromen-4-one (BZC-PXZ): The mixture of
M4 (2.11 g, 5 mmol), DMF-DMA (17 mL, 75 mmol) andliene (100 mL) was heated at 80
for 1 hour. After cooling to room temperature, gwoduct was collected by filtration and
purified by column chromatography on silica gelggit: dichloromethane) to provide a yellow
solid (1.98 g, 92% vyield).'H NMR (600 MHz, CDC}, §): 8.39 (s, 1H), 8.29 (d] = 7.9 Hz,
1H), 8.09 (dJ = 7.9 Hz, 2H), 7.78 (t) = 7.9 Hz, 1H), 7.58 (d] = 8.5 Hz, 1H), 7.52 (1 = 7.6
Hz, 1H), 7.46 (dJ = 7.9 Hz, 2H), 6.60-6.72 (m, 6H), 6.02 (M= 7.9 Hz, 2H).*C NMR (600
MHz, CDC, 8): 113.57, 115.64, 115.67, 118.42, 121.86, 1231331.96, 125.07, 126.34,
126.47, 130.70, 130.72, 132.42, 134.60, 136.83,0044156.13, 159.08, 174.77, 190.96.
HRMS: 432.1182 [M+H](calcd: 431.12). Anal. Calcd for,gH;/NO4: C 77.95, H 3.97, N 3.25,
O 14.83; found: C 77.99, H 3.95, N 3.26, O 14.80.

3. Results and Discussion

3.1. Synthesisand Thermal Properties

BZC-PXZ was synthesized from phenoxazine and obthes a yellow powdeiS¢heme 1).
Then, it was further purified by column chromatggdra and vacuum sublimation. Finally, it
was fully characterized by NMR, mass spectra aatheht analysisHig. S1-S11).

Thermal properties of BZC-PXZ were investigatedngsdifferential scanning calorimetry
(DSC) and thermogravimetric analysis (TGA)d. S12 and Table 1). From the DSC curve, no
glass transition was observed. From the TGA cuitge,decomposition temperaturdy)
(corresponding to 5% weight loss) was determinedeo303 °C. Good thermal stability is
favorable for the formation of uniform thin filmsudng thermal evaporation and prolongs the
device operational lifetime.

3.2. Crystal Structure
The yellowish crystal of BZC-PXZ was obtained bgvglvacuum sublimation and its single
crystal structure was examindéig. 1 and Table S2). BZC-PXZ possesses a twisted molecular

structure and the dihedral angles between diffegemtips are shown iRig. 1b. From left to



right (chromanone, carbonyl, benzene and phenoggime dihedral angles are 42.34°, 25.23°
and 88.78°, respectively. Obviously, the acceptooup, 3-benzoyl-4H-chromen-4-one,
possesses twisted structure. BZC-PXZ moleculestapprallel arrangement model with four
kinds of molecular rows. Within one molecular rawplecules connect with each other by
C-H--0 and C-H-x interactions with the contact distances of 2.68&n8l 3.123 A respectively
(yellow lines inFig. 1c). Between different kinds of molecular rows, theses connect with
each other by C-HO. C-H-m and = interactions (green lines iRig. 1c). The contact
distances of C-HO interactions are 2.552.A2.559 A and 2.705 A respectively. The contact
distance ofr- interaction is 3.727 A with an overlap of half @foenzene ring. For C-+k
interaction, its contact distances are 2.479 A 2763 A respectively. It can be seen that the
small and twisted BZC group can not only endow B2ZXZ with large dihedral angle (88.78°)
between donor and acceptor groups, but also effigigrevent the strong--n interaction.
Meanwhile, the oxygen atoms in BZC group bring dababundant weak intermolecular
interactions.

The nearly vertical structure (dihedral angle: 88)eans efficient separation of donor and
acceptor groups which is favorable for obtaininggbmEst and efficient reverse intersystem
crossing (RISC) process. The lackmofr interaction can avoid fluorescence quenching and
improve the fluorescent quantum efficiency. Finalthe intermolecular interactions can
enhance the charge-transporting ability of BZC-PiZd this is favorable for the exciton

recombination on it.
3.3. Theoretical Calculations and Electrochemical Properties

To gain insight into the spatial distributions béthighest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUM@gnsity functional theory (DFT)
calculations were carried out and results were shawFig. 2a. BZC-PXZ exhibited a
prominent character of a typical TADF molecule: BOMO was mainly located on
phenoxazine group while its LUMO was mainly distiiéed on 3-benzoyl-4H-chromen-4-one
group; there was only a little overlap between@MO and LUMO. The spatially separated
frontier orbital distribution could reduce tiadEst value and facilitate the reverse intersystem

crossing from the lowest triplet excited statg) (ib the lowest singlet excited state)(SThe



HOMO and LUMO energy levels of BZC-PXZ were caldathto be -4.65 and -2.03 eV,
respectively. The $ T, and AEst were calculated to be 2.2431 eV, 2.1748 eV, 0.0663
respectively. From the spectra below, the experiale®, T; andAEst were 2.46 eV, 2.44 eV,
0.02 eV, respectively. Compared with experimentalues, the calculated values exhibited
similar variation tendency.

The electrochemical properties of BZC-PXZ were stigated by the cyclic voltammetry
(CV) measurement in dichloromethanEig. 2b). BZC-PXZ showed reversible oxidation
behavior. From the oxidation wave, its HOMO enelgyel was determined to be -5.05 eV
according to the equation ofs&vo = — (Bonset, oxvs Fe /g + 4.8) €V. No reduction wave was

observed. Its LUMO energy level was determinedeed42 eV from its HOMO ani,,.
3.4. Photophysical Properties

The UV-vis absorption spectra of BZC-PXZ in toluemas shown irFig. 3a. The absorption
below 350 nm could be ascribed to the local exoiattransition absorption of
3-benzoyl-4H-chromen-4-one (BZC) and phenoxazin®Z{P While the weak absorption
around 408 nm was attributed to the charge-tranisdasition from PXZ moiety to BZC moiety.
From the absorption spectra, the energy gap bet®geand 3, (Eg) was estimated as 2.63 eV
for BZC-PXZ. The absorption spectra of BZC-PXZ iffatent solvents were exhibited Fig.
S15. With the increase of solvent polarity, the chamgesfer transition absorption peaks were
almost the same. This indicated that the grounid-sli@ole moment of BZC-PXZ was small.

To verify the lowest triplet excited state ;JTof BZC-PXZ, its fluorescence and
phosphorescence spectra in toluene at 77 K weresuregh Fig. 3a). At room temperature,
BZC-PXZ exhibited a broad emission with an unsuiedl peak of 561 nm. At 77 K, its
emission showed a blue-shift with a single pealb@5 nm. From the crystal structure of
BZC-PXZ, it could be seen that BZC-PXZ consisted sohall composition groups and
possessed twisted molecular structure. Hence,aah temperature, many molecular rotation
and vibration happened. These unfavorable molecotdions consumed much energy. At 77 K,
these motions stopped and those wasted energy tmuldsed for light emission. Hence,
compared with the emission peak at 300 K, the eamspeak at 77 K showed an obvious

blue-shift. For its phosphorescence spectra, rodiructure was observed, indicating that its T



state was not locally-excitedLE) state but was charge transfé€T) state. From the peaks of
fluorescence (505 nm) and phosphorescence (508spetira at 77 K, the;&nd T energy
levels of BZC-PXZ were calculated to be 2.46 eV a4 eV, respectively. Hence, st
was 0.02 eV. SmalAEstfacilitates the efficient RISC. The photolumineszerfPL) spectra of
BZC-PXZ in crystalline state, pure-film state armpdd-film state (mMCP: 5% BZC-PXZ) were
also measuredF{g. S13). Its fluorescence peaks at crystalline statee{ilm state and
doped-film state were 596 nm, 589 nm, 533 nm, spdy. Compared with the solution and
doped-film spectra, the pure-film and crystal spebiad a redshift which should be ascribed to
the intermolecular interactions.

In order to investigate the TADF feature of BZC-BX&e transient photoluminescence (PL)
decay characteristic of the doped film (mCP: 5% BZXZ) was measuredr(g. 3b). The
transient PL of BZC-PXZ showed clear secondary agptial decays with a nanosecond-scale
prompt component and a microsecond-scale delayegaoent. The lifetimes of the prompt
fluorescence ) and the delayed fluorescencg) (were 21.59 ns and 4.4&, respectively.
Meanwhile, to further confirm the TADF feature oZB-PXZ, its temperature-dependent
transient PL decays from 150 to 300 K were investig Fig. S14). With the increase of
temperature, the delayed fluorescence intensityeased, indicating that the RISC process
from the triplet to singlet excited states was @wled by thermal activation. These results
verified the TADF characteristic of BZC-PXZ. The ®Y¥ of its doped film (mCP: 5%
BZC-PXZ) was 93%. From the transient PL, the ratddsprompt component and delayed
component were 52% and 48%, respectively, suggestiat the delayed fluorescence had a
great contribution on the total fluorescence. I fibm with mCP host, the PLQY of the prompt
fluorescence ®pr) and delayed fluorescenc®dr) were 48% and 45%, respectively. The
PLQYs of BZC-PXZ in dichloromethane (20mol/L) and pure film were 0.86 and 0.21,
respectively.

To investigate the charge transfer (CT) charadterad the lowest singlet excited state) (S
of BZC-PXZ, its photoluminescence (PL) spectraififiecent solvents (hexane, triethylamine,
butylether, isopropylether, diethyl ether, ethyetate, dichloromethane, dimethylformamide,
acetone, acetonitrile) were measurddg( S15). In hexane, the PL spectra of BCZ-PXZ

exhibited a certain feature of vibrational struetuindicating that the fluorescence in hexane



contained the emission from locally excited stdteother solvents, the spectra exhibited a
structure-less characteristic and vibration-fraee fstructure was observed. From hexane to
acetonitrile, its emission peaks were 433 nm, 482 482 nm, 491 nm, 475 nm, 497 nm, 519
nm, 516 nm, 518 nm, 523 nm, respectivaiglle S1). With the increase of solvent polarity, its
emission peak showed a significant red-shift fra38 4m to 523 nm, indicating a remarkable
CT character of excited state. According to Lippddtaga model [40], Stokes shift-solvent
polarity curve was drawn to investigate the excgtade Fig. S16). With the increase of solvent
polarity, the Stokes shift exhibited a straighteli(R = 0.97015) and no inflection point was
observed, further indicating that BZC-PXZ showedTalike character in both low-polarity and
high-polarity solvents and the State of BZC-PXZ waCT.

To get insight into the dynamic processes of BZZPe prompt-fluorescence (PF) rate
constant Ker), the delayed-fluorescence (DF) rate const&pt)( the singlet radiative rate
constantk;), the singlet nonradiative rate constant,j, the intersystem crossing rate constant
(kisc), the reverse intersystem crossing rate conskagt), the triplet nonradiative rate constant
(kL), the intersystem crossing efficienal)c) and the reverse intersystem crossing efficiency

(Drisc) were calculated from the following equations [41]

kpp = — (1)
TpF
@
kpr = ;DFF (2)
k¥ = ®pp. kpp (3)
®
kfzr = kpp — kﬁ — kpr ¢_: (4)
@
kisc = kpr ,b_: ()
__ kpr.kpr.®pF
krisc = —klsc-q’PF (6)
k
krT;r =kpr — (1 - ﬁ) krisc (7)
Drge = ISC (8)
ISC = %pp
® — KRisc (9)
RISC krisc+kihy

According to these equations, tke:, kor, k3, k3., kisc, knise, kZ,, ®isc and dgrisc were

2.2%10" st 1.01x10 st, 1.0%10" s?, 8.61x10" st, 1.15¢10" s?, 1.83«10 st 1.2810 s?,



0.52 and 0.94, respectivelfable 2). The magnitude okgsc was as high as G which
verified the efficient RISC process.

3.5. Electroluminescent Properties

The crystal structure of BZC-PXZ indicated that BB&Z might possess good
charge-transporting ability. To investigate the rgearansporting ability of BZC-PXZ, the
single-carrier devices with the structures of [IBQC-PXZ (70 nm)/MoQ (10 nm)/Al] for
hole-only and [ITO/TPBi (20 nm)/BZC-PXZ (60 nm)/Li{®&.5 nm)/Al] for electron-only were
fabricated. Results were shownRig. S17. Based on the space charge limited current (SCLC)
method and |-V characteristics, the hole and elaatnobility of BZC-PXZ were determined to
be 502 x 10 cnf V' st and 2.06 x 18 cn? V' st respectively. The good
charge-transporting ability should be attributed tle abundant weak intermolecular
interactions between BZC-PXZ molecules. Meanwthiie, electron mobility was close to the
hole mobility, indicating that BZC-PXZ possesseaddipolar transporting ability. As is well
known, balanced charge-transporting nature wasré® for the exciton recombination on it.
Hence, for BZC-PXZ-based device, high performaraelze expected.

To investigate the electroluminescent (EL) propsrof BZC-PXZ, multilayer OLEDs with
the structures of ITO/HAT-CN (15 nm)/TAPC (50 nmQUTA (5 nm)/mCP: xwt% BZC-PXZ
(30 nm)/Bphen (45 nm)/LiF (1 nm)/Al (100 nm) (D1wtlo; D2: 5wt%; D3: 10wt%) were
fabricated. The molecular structures in devicesthpd energy levels were shownFkig. 4. In
these devices, indium tin oxide (ITO), dipyrazino 2,3+:2',3'-h]
quinoxaline-2,3,6,7,10,11-hexacarbonitrile  (HAT-CN},4'-cyclohexylidenebis [N, N-bis
(p-tolyl) aniline] (TAPC), 4.4' 4"-tris (carbaz®kyl)-triphenylamine (TCTA),
1,3-bis-9H-carbazol-9-ylbenzene (mCP), 4,7-diphdn¥D-phenanthroline (Bphen), lithium
fluoride (LiIF) and aluminium (Al) were utilized ashe anode, hole-injection layer,
hole-transporting layer, electron-blocking layer,osty electron-transporting layer,
electron-injection layer and cathode, respectivBEC-PXZ was doped in mCP as the emitting
layer. The current density-voltage-luminance (JjV-tharacteristics, efficienciesersus
luminance curves, EL spectra as well as externahgum efficiencies (EQE) were shown in
Fig. 5 andTable 3.

As shown inFig. 5 and Table 3, these devices exhibited green emission and neseni



peak of host was observed even at low doped camtem of 1%, indicating the complete
energy transfer from host to BZC-PXEig. 5a). With the increase of doped concentration, the
emission peak had a small redshift from 542 nm46 Bm which should be attributed to the
enhanced intermolecular interaction. With the waa of driving voltage, the EL spectra
exhibited good stabilities that were important fugh performance displays and lighting
sources. Because of the direct charge trap of BXZ-Fhese devices had low turn-on voltage
(about 2.7 V) regardless of the doped concentratMeanwhile, the increased luminance
features of devices were not affected by the dopmtcentration yet and their maximum
brightness exceeded 33000 cd(fig. 5b).

The maximum brightness (ky, maximum external quantum efficiencyef may, current
(ne.may and powerf, may efficiencies of these three devices were shownalsie 3. With the
increase of doped concentration from 1% to 10%,déndces displayed similar performance:
64.6 cd/A, 69.0 Im/W and 21.3% for D1; 66.5 cd/A,&Im/W and 22.0% for D2; 63.5 cd/A,
66.8 Im/W and 20.9% for D3. The high device effim®s should be ascribed to the unique
structure of BZC acceptor. Because of the smalltamsted BZC group, the donor was almost
perpendicular to the acceptor andnr interaction was efficiently prevented. Hence, BEXZ
exhibited smalAEst (0.02 eV) and high PLQY (0.92-0.93, the emittiagdrs) simultaneously
which made it possess high utilization efficiencadssinglet and triplet excitonsTéble 3).
These devices exhibited low roll-off of efficiensi¢-ig. 5 and Table 3). Except for the above
reason, the intermolecular interactions might bettzr reason for the low roll-off of
efficiencies. BZC group possessed three oxygen stwinich brought about abundant weak
intermolecular interactionsF(g. 1) that could enhance the charge-transporting gbdit
BZC-PXZ. From the single-carrier devices, its hatel electron mobility were determined to
be 5.02 x 10 cn? V' st and 2.06 x 10 cn? V' s, respectively. The high and balanced
charge-transporting ability was favorable for theiton recombination on it to obtain high
efficiency and low roll-off of efficiency.

To evaluate the exciton utilization efficiencye(g) of BZC-PXZ, thengue of these three
devices were calculated according to the followeggation [42]:

EQE =7ige X Nout = NMhe X PpL X NEUE X Nout

Here, nige was the internal quantum efficienay,: was the light out-coupling efficiency



(0.2-0.3),mre Was the electron-hole recombination efficiency ekhivas usually set as 100%,
®p_ was the photoluminescence quantum yield of engiti@yer. Ifno,: was assumed to be 0.3,
the maximummgye of D1, D2 and D3 were 77.2%, 78.9% and 75.7%,aebgely. Theneue

was about 3 times higher than the theoretical lohR25% for conventional fluorescent emitters,

indicating that most of triplet exciton was transfied into singlet exciton for light harvesting.

4. Conclusions

In summary, we reported a novel 3-benzoyl-4H-chno#hene (BZC) acceptor whose unique
structure could endow the material with favorablelenular and stacking structures. For
molecular structure, the twisted BZC group broughout nearly vertical structure between
donor and acceptor groups. For stacking structoeeause of the three oxygen atoms and
structure of BZC group, abundant weak intermolacirteractions could be formed bt n
interaction was prevented. Based on BZC group, BRA&mitter, BZC-PXZ, was developed.
BZC-PXZ exhibited smallAEst (0.02 eV) and high PLQY (93%) simultaneously. M&hite,

the BZC-PXZ-based device displayed high efficierié$.6 cd/A, 69.0 Im/W, 21.3%), high
exciton utilization efficiency (77.2%) and low radff of efficiencies even at ultralow doped
concentration of 1%. These results demonstratetd BA& group was a good acceptor for

developing high-performance TADF emitters.
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Figure and table captions

Scheme 1. The synthetic procedures of BZC-PXZ.

Fig. 1. a) The molecular structure with 50% thermal etligds. b) The dihedral angles between
different groups in BZC-PXZ. c) The packing struetof BZC-PXZ.

Fig. 2. a) Frontier-molecular-orbital distributions, energvels, and HOMO-LUMO energy
gap for BZC-PXZ characterized by DFT calculatioby.Cyclic voltammetry (CV) curve of
BZC-PXZ in dichloromethane.

Fig. 3. a) Absorption spectra, fluorescence spectra (&tK@&nd 77K) and phosphorescence
spectra (at 77 K) of BZC-PXZ in toluene (1.0 x*1@ol/L). b) Transient PL decay profile of
BZC-PXZ-doped mCP film (5wt%); Inset: decay meaduveer a time range of 200 ns.

Fig. 4. a) Energy level diagram and b) chemical structoféee materials used in OLEDs.

Fig. 5. a) EL spectra of D1, D2 and D3 at the luminanéel@00 cd/mM. b) Current
density-voltage-luminance  (J-V-L) curves of D1, DzZand D3. c¢) Current
efficiency-luminance-power efficiency (CE-L-PE) vas of D1, D2 and D3. d) External
guantum efficiency-luminance curves of D1, D2 argl D

Table 1. Photophysical and electrochemical properties&TH XZ.

Table 2. Photophysical properties of BZC-PXZ-doped mCi fijtloped concentration: 5%).

Table 3. The electroluminescent performance of BZC-PXZatbgevices.
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Table 1. Photophysical and electrochemical propertiestTB XZ.

T e M” DO ) 1 HOMO/LUMO  EJEr®  AEst
Compound
[C] [nm]  [nm] film © [ns] [us] [eV] [eV] [eV]

BZC-PXZ 303 325/408 561 0.93 2159 4.47 -5.05/-2.42 2.46/2.44 0.02

3Ty decomposition temperature corresponding to 5%ghieiss.” Measured in toluene at
room temperaturé’ Measured in doped film (mMCP: 5% BZC-PX#)PL lifetimes of prompt
(tp) and delayed tf) decay components for doped film (mCP: 5% BZC-PXaf)room
temperature® Singlet €s) and triplet Er) energies measured in the diluted toluene solwtiwh
estimated from the peaks of the fluorescence andspitorescence spectra (at 77 K),

respectively.



Table 2. Photophysical properties of BZC-PXZ-doped mCi fijtloped concentration: 5%).

Dopant (DPFa) (DDFb) (Dlscc) (DRISCd) kPFe) kDFf) k7 9 kfzrh) kﬁri) klscj) lesck)

[107sY [10°sY] [10"sY [10%sY [10*sY [10°sY [10°sY

BZC-PXZ 048 045 0.52 0.94 2.22 1.01 1.07 8.61 1.28 1.15 1.83

3 prompt fluorescence efficienc) Delayed fluorescence efficienc§. Intersystem crossing
efficiency. ¥ Reverse intersystem crossing efficien®yPrompt-fluorescence rate constaht.
Delayed-fluorescence rate const&hsinglet radiative rate constaftSinglet nonradiative rate
constant” Triplet nonradiative rate constahtntersystem crossing rate constdhtReverse

intersystem crossing rate constant.

Table 3. The electroluminescent performance of BZC-PXZatbgevices.

Device Vor?  Limar CE[cd/A)/PE[Im/W]/EQE[%}’ Neve, may) D

[V] [cd/m?  Maximum 1000cd M Roll-off rate (%

D1 (1wt%) 26 33114 64.6/69.0/21.37.6/41.1/18.9 10.8/40.4/11.3 77.2% 0.92
D2 (5wt%) 2.7 37729 66.5/70.6/22.®1.5/43.9/20.4 7.5/37.8/7.3 78.9% 0.93
D3 (10wt%) 2.7 35024 63.5/66.8/20.%6.8/39.2/18.7 10.6/41.3/10.5 75.7% 0.92

MV, voltage recorded at 1 cd m® Maximum luminescence’ CE: current efficiency; PE:
power efficiency; EQE: external quantum efficien®.The efficiency variation rate from
maximum efficiency to efficiency at 1000 cd®m” neue, max Maximum exciton utilization

efficiency.” PLQY of BZC-PXZ-doped mCP film with different contteations.



1. A novel twisted 3-benzoyl-4H-chromen-4-one (BZC) acceptor is reported.

2. The unique structure of BZC group can endow the materia with favorable
molecular and stacking structures.

3. BZC-based thermally activated delayed fluorescence emitter, BZC-PXZ, displays

high performance in devices.
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