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Abstract: A novel Y-type emitter (TX-TCz) with delayed fluorescence characteristic was designed and synthesized
using thioxanthone group as the acceptor and 6-(9H-carbazol-9-yl)-9H-3,9'-bicarbazole moiety as the donor. Theo-
retical calculations showed the prominent separation of HOMO and LUMO levels with only a small overlap on the ben-
zene ring, which helped to achieve the small energy band gap AEg; between the S; and T;. With the increasing polari-
ties of solvents, the emission peaks of TX-TCz exhibited an obvious red shift and dual emission peaks generated be-
cause of the coexistence of charge transfer state and locally excited state. In the pure film, the emission peak of TX-
TCz was located at 513 nm with the photoluminescence quantum yields (PLQY) of 11. 5%. According to the fluores-
cence and phosphorescence emission at low temperature, AEg; of 0. 03 eV between S, and T, was calculated, at the
same time s magnitude lifetime was also detected. It indicated that TX-TCz had the considerable delayed fluores-
cence characteristic. In addition, TX-TCz had good thermal stability and electrochemical properties, which was help-
ful for the preparation of high-performance OLED devices. In the doped devices with the doping concentration of 5%
(wt), TX-TCz showed excellent blue light performance with the emission peak at 463 nm and the maximum external
quantum efficiency (EQE) of 1. 53%. In the non-doped device, good green emission at 522 nm was obtained with a

maximum EQE of 1. 81%
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A HLH B A% (Organic light emitting di-
odes, OLEDs) HA7 52 # 3 WL X Lb B2 &7 R 58 AC Uy
SO0 A, TE M B RN SR SR R T )T R Y R
R AR g g sz 8 H R 2R = AL OLEDs &t
oBE, $R3E Ab ZE R 52 ' A1 B (Thermally activated
delayed fluorescence, TADF) B %5 /Ny B 26 25 i
BB (AEs) , 1R 2 WOk Ja =228 T fE
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BT AR R TR BN AEsy, 7 T
SR 32 A 2 ) B U R L, AT i 7
% 5 43 F 5 A PUiE (Highest occupied molecular or-
bital, HOMO) Fl 5z {73 1 % o 47 HL 3 (Lowest un-
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Fig.1  Synthesis route of TX-TCz
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g)  JF AT L 25 38 A4S SR AL B . Bl )
PR A8 0 R WA 5 £ 1| B Qi A S~ S [ -
(0. 141 mmol, 0. 129 ¢) AU T H 2K K 20 mL, If
HEATBEPE o B B R 22 18 T IR 2 110 °CL )
N 24 ho FERNEREHEZRE,FH &R
ot B B IR R AT AR . A s i A AL)E
S MR BEAT TR IR RN A B SRR W
ATHEZ B A B, Ik W ol — Sl R ot R A T T LG 1)
H 13, LR A R R, 77N 47. 6%
'"H NMR (600 MHz, Chloroform-d) 8 9.03(d, J =
2.4 Hz, 1H), 8.71 (ddd, J = 8.1, 1.4, 0.6 Hz,
1H), 8.32~8.30(m, 2H), 8.17(dt, J = 7.8, 0.9
Hz, 4H), 8.03(dd, J = 8.5, 2.4 Hz, 1H), 7.95(d,
J =8.5Hz 1H), 7.73~7.69 (m, 4H), 7. 64 (dd,
J=8.7,2.0Hz 2H),7.59(ddd, /] =8.2,6.7,1.6
Hz, 1H), 7.43 ~7.40(m, 8H),7.29(ddd, J = 8.0,
4.6,3.6Hz,4H)., "C NMR(100 MHz, Chloroform-
d) & 140.69, 139.40, 135.92, 131.80, 129. 83,
129. 09, 127. 82, 127. 23, 127. 00, 125. 88, 125. 48,
125. 19, 124.90, 123. 24, 122. 16, 119. 27, 118. 83,
118. 71, 110. 12, 108. 66. MS(EI, C4H,0N;08): m/
z [M"] caled 707. 203 1; found 707. 155 0.

3 #RLit®

3.1 EHHE

T 9% 277 2R BLIE (Density functional theory,
DFT) , £ Gaussian 09 %X £ I R | B3LYP/6-31G
(d) 34 X Ab B 1) TX-TCr 1 i 25 285 48 AT BEALAR
b, W 2 TR o 4G W B B R Al 25 4, e
M ] 5 e i) S A s LA £ R 55.20°, A IR
W 5 vl ] R e B L5 £ 53 R 61, 187 F 61,307,
A BIF HOMO #l LUMO REZL 1) 73 5 . 43 F 1) HO-
MO RE G0 3 B4 A7 7E 3 A IR 25 A, JLrpr AR /) — 38
A3 FE 3% PR WE IR B9 2K ER 1 LUMO fig 4% 3 540 A
e 32 PR I R 2L A F, B . HOMO 5 LUMO fig g% 2
ARNNESE., N T B0 R SR,
K H 5 i %5 B2 7 o P8 (Time-dependent density
functional theory, TD-DFT) % T- B3LYP/6-31G (d)
B A TS W TX-TCz LR S H e, 4558
B PR AS S, DA I s 1) g 1 ] A2 44K 1) H
MR ERIE . SR, AR T 5B EE{CA 0. 001 2,3X 136 HH
o TR b 5 . HAR R LR S BB S,
AR =R T, 53 5 0 2. 02 eV F1 2. 04 eV,
REZR 2% AEs; ]9 0.02 eV, /NI IR A F] T =& &

W R AR ) BB R BRI T . A EBLIE
#% 4 (Spin-orbit coupling, SOC) £ % <S, ‘ ﬁmc‘ T,>
5,476 em™, UL S, AT, AL H A B0 T R
7]

LUMO
61.30° ,

‘.‘ e’

N
‘4@&"“‘

m— 550" AR
61.18° 9,

2

Particle

’ ’ s
gttty N -
Q] IR I % A C )
2 8 3 > ,ﬁ_‘ 9.2
2 2
== 3 »
.
» 9
§ e ’ ) ’
T *a¥e 0¥y Y ‘ 2929
LA A N
o ¢ ' ‘;r:‘.“‘
y =) ‘ ;"‘o
» 3
. 2
SOC

<So| Agoe | T1>:0.618 em™  <S| Ay | T,>: 0. 193 em™!

<8y Agoe | T>:5.476 em™ <8, | Ay | T5>:0.017 em™

2 TX-TCz) HOMO/LUMO 434 .S, FIl T, & SOC 43 ¥t
Fig.2  HOMO/LUMO distributions, S;, T, and SOC analy-
sis of TX-TCz
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Fig.3 UV-Vis absorption spectra of TX-TCz in different sol-

vents with various polarities
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Fig.4 Photoluminescence(PL) spectra of TX-TCz in different solvents with various polarities(a) and its photographs(b)
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Fig.5 PL spectra and phosphorescence spectrum of TX-TCz

in the films
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Tab. 1

Summary of photophysical properties, thermal stability and electrochemical properties

A, /nm

Compounds A, mm
solution  film

SMeV T'/eV AEyleV  z'lws  R/% D%

k.1 L
(10°s™) (10°s™)

TX-TC, 312, 341, 396 381, 463 513 2.42

0.03 0.25/12.11 78.28 11.5 0.1 0.38

. b. . . .
“in toluene; "in solid; “in pure film.
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Fig.6 Delayed curve of TX-TCz in the pure film
3.4 HITEMEE

E 7 R A W By Ak H 2k (Thermogravimet-
ric analysis, TGA ) F1 2% 75 99 4 1 #4 Hh £& (Differen-
tial scanning calorimetry, DSC)., MTGAhZ L)
F il AW AE S E 5% (wO) B 3 R R B (T
445 °C. TIAEH DSC 2k rh AT W W A4 1, B Ak
B WIAE 50~250 “CIX[i] P T804 G 00 381 356 338 1 4 22 Uik
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Fig.7 TGA and DSC curves of TX-TCz

3.5 H{LFEMHEE

8 S A& W I E PR % (Cyclie voltammetry,
CV)figk. Kb Gyt kg4 0. 78 v,
TRk (Fe) R R A AL I 0. 42 Vo i B S
Ewomo = —[Eox = Ex. + 4. 81" A5 2L &P HO-
MO BEZR J-5. 15 eV, ARG R M 1 (A = 430
nm) 3 LA YA B E, R 2. 88 eV, 1 il 43 /4 5
Evumo = Enowo + EJTHASE]LUMOREZ R-2. 27 eV
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B8 TX-TCz M 7EFR R % il 2%
Fig.8 CV curve of TX-TCz
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G R AT, O SR BB T 463 nm ;17 IR
5 J i 1 ) 32 B0 1 00 e B, L B RO T
522 nm. LA, TEB A g 0F P AL G W 0 B R 0
Bi K 70 nm , 10 7E AR 48 J d 08 R R I SE (116
nm) B 5 3G K, S 0 Y 21 B R R BE VT AE 2 FR
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Fig.9 EL spectra of TX-TCz in the doped devices with dif-
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ferent doped concentration
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JE 0 25 5 b 2 3 I AR A R s L fH%'JIEé
Baeastrh AAEMRE S EEG.9V), X2
T a1 BA E i 800 T mrEre . &
10 24 A [\ % 14 19 5b i 7 2 % (External quantum
efficiency , EQEs ) fi 5% AL g il £k . B J4 2%
P, TX-TCz B8 2% Wk 2R 5%(wt)ﬂ‘]%§f¢%§f)ﬁl
R B Y L BRI PERE SR K EQE 8 1. 53%,

K HL i #CR (Current efflmency,CE)jﬂZ 26 cd/

A, B R I Z B (Power efficiency,PE)ﬂﬂ 1.98
Im/W . & F TX-TCz i IE & 24 2% £} 19 i K EQE
1. 81% , Fe KA T AR 4. 88 cd/A, e KT R
BN 3.35 1m/Wo XM fb AR BBl
JeE RO RE, & B A RO B RE R Bk
ek E R AL FIFAT. XEHT
b W) 0 7 R EAR, kAR R ) R R,
LB T mEEKX,

®2 TX-TCzHIBE RN MERERE
Tab.2 Summary of EL properties for TX-TCz

Devices A/ V./ LNM/, CE/ PE/ EQE, ./ CIE (x. 1) FWHM/
nm \ (ed-m™) (ed-A™")  (Im-W™) % nm
TX-TCz 522 4.5 1850 4. 88 3.35 1.81 (0.33,0.51) 116
CBP:3% TX-TCz 467 3.9 683 1.99 1. 60 1.32 (0.15,0.16) 70
CBP:5% TX-TCz 463 3.9 686 2.26 1.98 1.53 (0.15, 0.15) 70
CBP:8% TX-TCz 463 3.9 699 1. 60 1.29 1.08 (0.15, 0.16) 70
10 FRPE Y 43 T (TX-TCz) , 3F %F Ho kR #E4T T 1
o GNEIBEST . 45 R 3 W0, TX-TCx i 25 Vi 300 B P 1 4
I, 5 B WA Vo B S0 XU S W B R
s 10 %mmi:'::‘:;::m.% 3B H TN [ Al B 90 1T DA 40 R B A
= N W 2T R, EL 2 4 59 W A K i i o 6 R W S 25 L )R
0F RS % G5 S TX-TCa 7 [ At 1 46 e i {37
102k —o— Non-doped device —s—3%(w1) F 513 nm, BG4 K 518 nm, AE {U A 0.03 eV,
SRR st (B HCE T7 )AH 11, 5%, 4E R 5 7 il 2
T T T T T PRI ) s 21 A, D01 1 A 0 LA A AR 6 0

Lumimance/(¢d+m™)

B 10 S [R]HB R e BE 45 11 1) 58 JBE - A a1 2005 AR A 2k
Fig.10 Luminance-EQEs curves of compound TX-TCz in

the doped devices with different doped concentration

4 %
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EQE H 1.53%., fEAEBaeasthrh s T R4 1Y
6Kk HH(522 nm) , ir K EQE iK% 1. 81%.
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