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Design and Synthesis of Novel Red Thermally Activated Delayed
Fluorescent Molecule Based on Acenaphtho[1,2-b]quinoxaline
Electron-Acceptor

Yu, Jia“ Xiao, Yafang” Chen, Jiaxiong™*
(“ Institute of Functional Nano & Soft Materials (FUNSOM), Collaborative Innovation Center of Suzhou Nano Science and
Technology, Jiangsu Key Laboratory for Carbon-Based Functional Materials & Devices,
Soochow University, Suzhou 215123)
(® Department of Chemistry, City University of Hong Kong, Kowloon Tong, Hong Kong)

Abstract A new thermally activated delayed fluorescence (TADF) acceptor (A) segment, acenaphtho[l,2-b]quinoxaline
(AQ) group, is designed. And a novel red TADF material 10,10',10"-(acenaphtho[1,2-b]quinoxaline-3,9,10-triyl)tris(10H-
phenoxazine) (AQ-TPXZ) is developed by the conjunction of AQ group with phenoxazine as donor (D) moieties. The density
functional theory calculation shows that this D-A molecule has a well separation between the highest occupied molecular
orbital and the lowest unoccupied molecular orbital. And the energy splitting between the lowest singlet state and the lowest
triplet state is calculated to be 0.02 eV. The transient photoluminescence decays of AQ-TPXZ doped 4,4'-di(9H-carbazol-9-
yl)-1,1'-biphenyl film exhibit double-component emission decay profiles. The organic light-emitting diode (OLED) using
AQ-TPXZ as dopant realizes red emission with a peak at 624 nm. Moreover, the device obtains maximum external quantum
efficiency (EQE) up to 7.4%, which is higher than the theoretical maximum EQE (5%) of traditional fluorescent OLEDs. This
result not only indicates that AQ-TPXZ is a red TADF material but also provides a newly electron acceptor segment for
designing novel red TADF emitters.

Keywords thermally activated delayed fluorescent; acenaphtho[l,2-b]quinoxaline; phenoxazine; red emitter; organic
light-emitting diode
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HHRE AR AR B T e T MR R A e gt
TERFURGII R, XA LA =SB T 1)
TERCELE N 12 38719 FEAE 7% ) OLED H, AT LA
FIF B2 250047 2%, RIEIX 28 OLED His ki &
TRERAQE)FAME TR (EQE) 73 N 25%F1 5%!121,
M OLED M5l AN T4 8. SELES)E, #1453
I FRERE T A B - OB R A N S 100% 31 R A
N3RS 20% K1 EQE! 1, (H J2 ix £ 5 4> J& Ak 1)
IR AR FRE O 2 1 R T BATI7E OLED B H
it — K. LA, Li PR T — R b,
PR ZS B 5K, KA IZ AL ) 25 i a3k 15
T 27%M K EQE. 57— TH, —FhisET #uG b iR
J6(TADF)AL I ()37 24 H A [J It 512 17 AT B
D, XA ARTEAE 5 &8 2 FARESEEL 100%
f¥] IQE, IHifi# A F—4% OLED # AR 2. 7£ TADF
MR, 3RS R0 S 17 &R 18] 8 R (RISC) it #2140 &
BN R DA B AR ) = ST R o gk
BT, MRS 100% 307 FI 2260 3852 g iy
R RISC A2, T 75 BRI S AR B 2R 7S (S ) AR A =
L A(T)) 2 A I RERR 22 (AEs) AL 5 /N7 5@, 5l
e AL ) 25 4 (D)-S2 AR (A)V LS5 K P LS BN AEr,
DR A3 Fofr 46 ¥ T DAASE 2 1) B v o5 40 23 7 5L (HOMO)
AR A 54520 THIE(LUMO) /> 3l B I AE D Fr Bl A
ABCE, IR AE*0, 42 B i, it R
FHIXFh it R0, 4461 ¢ TADF OLED 4 HfE 1
SN 11553 i

M2, fEN=2t02 — 4% TADF OLED,
HRBHE NGNS, X FER TSR KAEKRE
K m&a, o7 0 AE5E 9 ERE 2 048 B g ) 1
KB40 TADF 20 kR Bk, N T
FAF B (415 TADF OLED, Adachi 1555415037 g B
K BRRATAE D) R R T 410% TADF Mk}, B it 51 N
B N A FE [ H)4% H— R H140 TADF #4%}; Wang 2508
R B A EHIEDCPPVERN A FE, &1 —
RV I-IE LT 4 TADF 4k} Liao 2PV — i
LR (APDC) 5 = 2K J e i & i 17— P B 4 -
IL4T4h TADF #18}; Yang 251158 i — 24 2 182 (DBQ)-
WEBR(PXZ) KR T i B AEB 4440 TADF MKk %4
i, HATZ% TADF OLED ()R JEAhmi% s T e sk
Jt TADF OLED, 405% TADF M EMK SR ki, Hit,
BE—35 8T AT AL L) TADFE K eH MR 2 A
Tt 5 AT ) B R 2 —.

RNT DR B AL TADF M8, it 1 E5F
[1,2-b]EIEIR(AQE N —F#T LY TADF 1k HEL, 5
Wy W 2 (PXZ) 25 A 2k A M 422 6 B HE — o 2L 19 210
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TADF 47 10,10,10"-(E 3 [1,2-b] W8 E-3,9,10- = J%)-
—(10H-Wy B2 )(AQ-TPXZ). AQ-TPXZ H A #7f{) D-A
ghif), = HOMO HT = FE oA+ PXZ HHE L, 1M
LUMO 7= WA AQ F B b, BUEH T =& E sy
5. SEIGUERH AQ-TPXZ EA M/ AEsr, HAH AN 0.02
eV. AR, %M B HOMO/LUMO ReZl %
N 1.99 eV, BASEIA GRS T). R M,
AQ-TPXZ HAEmMIAERE M. BB =R,
AQ-TPXZ E.A Ik i 5% i A1 4 38 B2 ek 9 A 2 4. JF HL,
PUZ L% TADF 23 F-1E R K 6 RLP) OLED SEELLL K
$F, BRI 624 nm, FHFHIEKEQE N 7.4%, &
SR, X LS OLED MR RBRIE(S%)mHiiF 2. X
L2 HUVAER] T AQ-TPXZ & TADF %31, Rl A
Bt OB B 405 TADF 23 PRl 7 — R i 752
[ZNaRE'E
1 ZR5TR
1.1 SFRIT. ERERIE

176 A 2 HEL T 8 0 Bk H T RE 0 1 R BOR R
D-A 7> TR W40 TADF 4r T B R &R, Ak
PXZ B D F B, B2 H AT TADF i 7t 4§ —
YHHLTRE TR D M, EH AQ EEHEIEN A FEL,
IR N JE 6 B b 2R 20 T 5 i bz o T R W, i
13 AQ [ LL Yang S5 #iE ) DBQ & [y FL ¥R
Wok, KR ET AQ-TPXZ 7 FHIRH MK S5ET
DBQ-3PXZ 7 FHIRSHEKAR LG =28, b, KA
NIPER) PXZ Fr BORUOR P TH FL 4 2 A (AQ) kA it HA L
KW TADF 23¥, AT AR B T2+ e 3 S5 )
AR ERIT, M RE R,

AQ-TPXZ M5 T 451G k£l Scheme 1 Fr
N, TR LGB R S A B, S ROT AT L, 4R
Gyl e, B, P EEERAAE N AR, = RCT B EE
A, (ESSREREEIIMER T, S-SR PXZ it
Buchwald-Hartwig &5 M1 H[E] 74 5-(10H-W3 &
IB2-10-5) /G B, SR K 5-(10H-Wy I EE-10-3%) JE R A1 4,5-
TR IR T AT AN, FE IO W W R R B
10,10',10"-(Jiz 3 [1,2-b] M WE BR-3,9,10- —J)- — (10 H-Wy IH&
2 )(AQ-TPXZ). X L& & hl 7= 1) 1) 45 A6 0 3ok Joft 1% AN A%
AR RS AR S R AR
22 BPHHE

N AQ-TPXZ TER:A FHIREL » i, 1
B3LYP/6-31G* 20 ' FI FH % FE 32 ok B (DFT) A T
ZALE Y HOMO H1 LUMO 23045, Ft Holok AT
T & DFT (TD-DFT)i+5. 1 R, £z &)
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Figure 1 (a) Optimized geometry, HOMO and LUMO spatial
distributions, and (b) natural transition orbital (NTO) of S; states
and T, states of AQ-TPXZ

RAEER TR, =/ PXZ FE AT E] ) AQ Fr B IH]#)
SEIHECK T, X815 DA Bz [a 3L s
FER/)N, H HOMO YU ¥ = R E 5 A fE AQ-TPXZ 4y
TS PXZ R B L, 1 LUMO #UEH 7= 0
BE AQ FEL L. i 1b ATLAE R, eI B AL L
DAL =B RIReR oAb, o7 LLE BZM R <5
SR KT AT D BN A R BLE, RIiZ
PRI LR SR = 2R HAA 40 T N FLA F5 RS (ICT)RF 1,
WA AQ-TPXZ 1] S, M T, BEZL 4> A
1.74 F11.72 eV, MIMTHEAR H IR AEs 4 0.02 eV, 0
NI AEs $ 45 RS20 i 240 RISC REFE.

23 HBUEMRFEMR

FIRPEFRRZECVYIE T i EY1 HOMO Al
LUMO #eZt. HIE 2 nTRAWEEE] AQ-TPXZ 7 7EE ] ¥
AR R AL, RITZLAVEEN AR AR
IF LR E e, DL RO B IR E AL RS
JR 28 g A B H AR, AQ-TPXZ 1) HOMO Al
LUMO REZ4r N —5.29 F1—3.30 eV, MiiitHiGH
AQ-TPXZ AL BN 1.99 eV, IXANEEREZ I AQ-
TPXZ HASLILN R INES. N TR AQ-TPXZ
R E M, BEJE T T R AT (TGA) M Z R 1 il &
HIEDSO)ME. 1%k 1 fin, AQ-TPXZ KI5 ffIE (T,
8 SUN 5% E) EIE 477 C, KBS AR IR (T,)
WIEF T 200 C, XUk FEAL R 1ZA RHE H TS
AHYCRR, T AR GRAIE T 8 7E B ) 4 o F2 oh i AR e
PE.

— v
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B 2  AQ-TPX 7F — & it (AR FA AR 22 it 2% I
Figure 2 Cyclic voltammetry curve of AQ-TPXZ in DCM

R 1 AQ-TPXZ 1) BEY b R E
Table 1 Photophysical parameters of AQ-TPXZ

Aabs/NM  Aopn/NmM HOMO/eV LUMO/eV

Ef/eV  TJC T,/C

TPFb/l'lS TTADFC/HS ES/eV ET/eV AESTd/eV

485 641 —5.29 —3.30 2.13

/200 31.8 19.5 2.13 2.11 0.02

“Determined from the onset of absorption spectrum; * Lifetime of prompt decays; © Lifetime of delayed decays; ¢ AEsy=FEs— Er.
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2.4 IR

Kl 3 BN AQ-PXZ A — AL IR ISR S 1. A
K| R ET LB B, AQ-TPXZ 1 400~560 nm 3 Bl Py L H
B IS, XA T I RTIHZE S D R B
(PX2)E| A FB(AQ)EIY ICT. IR, 7£ 320 nm Pffifr Hi
PLARBE BRI, IR NSO B ZE AQ-TPXZ 4311
- BRE SRR ). IR e i, BT AU SR B AE N
641 nm FITCREAMEE ML RS, R\
P 2P ICT 5%, M AQ-TPBA 1E 4,4'- —(9H-FME-9-
H)-1,1'-BR 2K (CBP) 5 Z 1 5 Hp IR I I %€ ' AR o ol it
PIRL A B TH AR MR S, BEZ(ES) N T, BeZ(ET)
SN 2.13 F12.11 eV, MIMTHEH AEs 4 0.02 eV, 1X
R AQ-TPXZ nJ LA R 8 ) RISC I #2. A Tk —20
WEH] AQ-TPXZ ) TADF #H¢th, FATMIE T AQ-TPXZ
BIAE CBP 8T 14 % e 5 95 1 28 R A28 15 302 ik i 28,
Wik 4 Fizs, 7E 100 ns F1 400 ps Y0 M, AQ-TPXZ 7R
L Bk i 3 DRk 43 i R A AR 3 9 i 43 A 31.8 F 19.5 ps,
XEZ¥ TADF MR HE Az, % AQ-
TPXZ W] g SEELLUT [P B LR AS A = AT I 2.

—=a— Absorption in Toluene
—e— Fluorescence in Toluene
—4— Fluorescence in CBP
—v— Phosphorescence in CBP

o
(o))
-

o
~
L

o
N
-

Normalized intensity/a.u.

00 T T T T v ) v ) )

300 400 500 600 700
Wavelength/nm

B 3 AQ-TPXZ 7 =I5 F o v W R R 5% e s 1 LA & 7 CBP

BT MARR ZOUAMIR B E

Figure 3 UV-Vis absorption and fluorescence spectra of AQ-

TPXZ in toluene at room temperature, and normalized fluores-

cence and phosphorescence spectra of AQ-TPXZ doped CBP
films at 77 K

25 HEHAXMR

NT I AQ-TPXZ MIHBUREIERE, Hil# T 454
N: ITO/TAPC (35 nm)/TCTA (10 nm)/CBP:12% AQ-
TPXZ (20 nm)/TmPyPb (45 nm)/LiF (1 nm)/Al [¥] OLED
# T (AQ-TPXZ W& HA 12%). Hr Ll
(ITO)M LiF/Al 73 5l FIAE IR AT B B 1,1-XX[4-[N,N-
O R R 1 PR JE 1 BR O (TAPC)E A 2 UL i 2
4,4' 4" = (R mE-9-JL — SR ELZ)(TCTA) 2 T BHES 2,
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Figure 4 Delayed and prompt (inset) transient photolumines-
cence decay curve of AQ-TPXZ doped CBP films at room tem-
perature
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Wi 5 M 2 i, 2T AQ-TPXZ HISsERILH
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(0.62, 0.38). HIE 6 1 7 Fiow, 1ZaFHTT S BIEN
3.7 V, X5 H AT IR IEARLLGE F A ST I R AR,
PR FEIL E) 8250 cdem 2, il S BRS FH B 52
FE BRI Z B K IR R (CE)N 7.5 cdeA ™,
BKIZEZEPE)N 6.0 ImeW !, i KEQE N 7.4%. 5
45 %¢ 5 OLED HIHE IR EQE(5%) L, 1X & T34
REWB 2, #i8T HArkiE K40t TADF OLED )
B (ELpax > 620 nm). IXEL5E BUAVE— PR AQ-
TPXZ & TADF # %, F#E/RT AQ K BRIEZEIM
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Figure 5 EL spectra of the AQ-TPXZ-based device
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#2 AQ-TPXZ [ Hd
Table 2 EL performances of the devices using AQ-TPXZ-based devices
Device EQE“/% CE“/(cd*A™") PE“/(Im*W™") Jmax /MM CIE? (x, )
AQ-TPXZ 7.4/5.2/3.2 7.5/5.6/3.4 6.0/3.8/1.7 624 (0.62, 0.38)
@ Detected at the maximum efficiencies and at the luminance of 100 cdm”2/1000 cdem”2; ® Detected at the luminance of 100 cdem 2.
o 600 — M8 TADF 0. AR TAEH AR At
o g o { BHR L 7 —Fo i1 % K.
E e TADF ROGAEHRHE T —Flofr i B 53244 v Bt
— 3 1 rV.’ (E)
e 1073 F400 <
3 ] s
< 3
£ ] - 200 %
€ 1 L
] - °
TR Lo

Voltage/V
Bl 6 JET AQ-TPXZ &) i — F Fh— ML UAU S T 2k 1)

Figure 6 Current density-voltage-luminance characteristics of
the AQ-TPXZ-based device
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Figure 7 EQE-luminance characteristics of the AQ-
TPXZ-based device

B B R415% TADF 207 AQ-TPXZ. Hit it B £
AQ-TPXZ ] HOMO HiF 7 £ B T Wy &L s e |, 1
LUMO T = FENAME AQ FEL L, B RENEN
HIEH =, EERFREHRT, AQ-TPXZ 2 H B3%
(1) ICT Wit AZL 8 R S 1 (e =641 nm). 8T
D F A5 2R R R S R e 61, B AEs:
4 0.02 eV, i /£ 523 TADF PERERIE K. BRA7bE
IR R, AQ-TPXZ £ =R T B AW fIZER
POEHIR LY. FET AQ-TPXZ JK A EHE OLED &
AR ST, H CIE ALFR4(0.62, 0.38), S KHEUK
JeUEAE N 624 nm, 1% OLED [t K EQE K 7.4%, 3%
= TAE 480 OLED 5 K EQE (5%), &M AQ-TPXZ /&
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3 SCIEES

3.1 UE5EHH

NMR #Hi33R 35S Bruker Advance-600 ZY % B 3L 4R
1%; i Trace-ISQ GC-MS =i Ik X F1 MALDI-
TOF JoitA; WsE 2E40h—nT WK SOG1E: Hitachi U-3900
FEVEAL; R F-4600 i HBUR GBS TR
771 UL R R BUR e R Ok R R BT &
FLS-980 B A Fa & 9 A, JEHRZ(CV)fiZk: |
W R AL B AT CHIG60E Y HEAL 2270 A%, $EE J3 bt
(TGA): TAQ 500 #RE 7y #ri; ZaRE#ER i
(DSC): DSC1 Z/RIEMADTAG SRR T
SOWL P ) 5 R (Keithley) 2400 Ot J5 1% % F
Spectrascan PR655 Y& 1.

SB kR A BT B 1R S-IRUE R Wy ERE . 4,5-
TURARTE TR, RRERES . =RUT EEBE. 2B, HOER.
TEMLE - T RESE RSB, RE AT RS
F; IS I 77 Jo K TG 8 7, B JEZK oA 4l
RGF B, HREF WA EEA & P, A
T Tk S 120 DA ) S D R, P BB A
3.2 XWHE
3.2.1 5-(10H-"%"%"%-10-% ) JE BL 69 & %,

ERAT, W50 mL BERJERFIEH, KIKIMA 04 ¢
WyIEEEE(2.2 mmol, 1.1 equiv.) 0.52 g 5-JRJE (2 mmol, 1
equiv.). 1.32 g fER%(4 mmol, 2 equiv.)s 0.5 mL 10%[%]
—RUT SR FF RVA (0,15 mmol, 7.5% equiv.)F 11.2 mg
ZFRHE(0.05 mmol, 2.5% equiv.), EHEFHIMA 20 mL T
FZ2K. SNG, RBDRERAEE 24 h. fER M ERE, K
UOMAKFI G BB 214 20 . BAENE S S T
MRS, 8 A SRR A B ) 039 g, FREA
53.7%. "H NMR (600 MHz, CD,Cl,) §: 8.36 (d, J=8.4 Hz,
1H), 8.31 (d, J=7.3 Hz, 1H), 8.18 (d, J=6.9 Hz, 1H), 7.96
(d, J=7.3 Hz, 1H), 7.85 (t, J=7.7 Hz, 1H), 6.80 (d, J=
7.9 Hz, 2H), 6.72 (t, J=7.6 Hz, 2H), 6.55 (t, J=7.7 Hz,
2H), 5.81 (d, J=8.0 Hz, 2H); *C NMR (101 MHz, CDCl5)
5: 187.54, 187.28, 147.83, 143.85, 140.95, 133.21, 1.05,
129.92, 129.63, 129.46, 129.45, 128.90, 123.79, 123.56,
123.09, 122.49, 116.12, 113.28; MS (EI) m/z: 363.19.
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Anal. caled for C,,H;5NO5: C 79.33, H 3.61, N 3.85, found
C 78.93,H3.73, N 3.91.

322 10,10,10"-(J& 5 [1,2-b]"8 %% %-3,9,10- = %) =
(10H-""2"%)(AQ-TPXZ)#) & &

ERATF, K 037 g 5-(10H-WyHEE-10-35) G B (1
mmol, 1 equiv.)f1 0.17 g 4,5- ~ & A2 —F&hn(1 mmol, 1
equiv)IIANEIZEA 10 mL 1- T MR, SR
WA 120 CRR—/. FPRBREH, 138 3 E 4,
FKBESR 3 ORI B T4 T, 50 CHE3 h B
HFEA IR 50 mL BB, I 0.4 g HTEEE(2.2
mmol, 2.2 equiv.). 1.32 g TkER#i(4 mmol, 4 equiv.). 0.5
mL U HON 10%00 =80T JE 8 FF 285 7(0.15 mmol,
0.15 equiv.)~ 11.2 mg ZFZH(0.05 mmol, 0.05 equiv.)F/!
20 mL T FZRIEAT IR M58 BUE FR 445 1) 21 6 [8] 44
0.2 g, PREN 25%. mp.>400 ‘C; 'H NMR (600
MHz, CDCl;) 0: 8.64 (d, J=6.6 Hz, 1H), 8.57~8.49 (m,
3H), 8.28 (d, J=8.1 Hz, 1H), 7.95 (d, J=6.7 Hz, 1H), 7.86
(t, J=7.5 Hz, 1H), 6.82 (d, J=7.7 Hz, 2H), 6.72 (t, J=7.3
Hz, 2H), 6.61~6.50 (m, 10H), 6.32 (d, J=6.5 Hz, 4H),
6.19 (d, J=7.9 Hz, 4H), 591 (d, J=7.9 Hz, 2H); C
NMR (151 MHz, CDCly) &: 155.92, 155.90, 155.71,
155.69, 155.09, 154.24, 145.65, 145.18, 143.86, 140.97,
140.89, 138.85, 138.78, 138.74, 136.05, 134.23, 132.36,
13222, 132.13, 132.04, 129.89, 129.04, 126.71, 123.86,
123.45, 123.30, , 122.41, 122.19, 121.97, 115.79, 115.61,
114.51, 113.58. MALDI-TOF MS m/z: 797.48 [M"]. Anal.
caled for Cs;HyNsO5: C 81.29, H 3.92, N 8.78, O 6.02;
found C 80.99, H 4.03, N 8.82, 0 6.16.

3.3 HFMHHlgS MR

Fo A AR (ITO) B L A (15 Q)R U it
Pl To/K SR8 T KA TS e, SRETRNEIAT
BRFEAE 100 CFHET, Bl S HSAMRATE BRACLEE 15
min, %) N H AP, fE RS EILF] 4X 10 ¢ Pa
TR, P EIUENREYPEESR AN 1~2 As™!, LiF
AL HIRZ I ZEBER R 0.1 F1 10 Ass ™. HLELA
HeHiE . CIE PR A1 FE B IE PR65S Yeith e B vk 47l
€, FEER AL S R FH T SELA% 1 1) Keithley 2400 - 5
RN E . BT S BRI e = iR s <R B
HEAT I

B A&l (Supporting Information) AQ-TPXZ [J#4)
iR P AN B A R AR IR B DK, OLED 28 fFRE .
OLED #fFtrkliaityX. & skl g i Xz e =0
B vl . I S b L AT DL A %% AACAS T I S (http://sioc-
journal.cn/) | T #.
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