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Red Light Thermally Activated Delayed Fluorescence
Materials Based on Spirofluorene Units

GAO Shan, GONG Shixuan, JIN Yuxin, CHEN Ziqi, MA Jinzhu,
FUNG ManKeung', FAN Jian"
(Jiangsu Key Laboratory for Carbon-Based Functional Materials & Devices ,
Institute of Functional Nano & Soft Materials, Soochow University, Suzhou 215123, China)

Abstract  On the basis of commonly used triphenylamine donor units and dibenzo [a, ¢ ] phenazine acceptor units,
two red light thermally activated delayed fluorescence (TADF) materials TPA-DSP and SPTPA-DSP were designed
and synthesized by the steric hindrance effect of spirofluorene group. The spirofluorene group, known for its large
steric hindrance, increases the rigidity of the molecule, avoids tight packing between emissive cores and effectively
reduces non-radiative transition energy loss, which is crucial for improving device performance. When doping in
4,4’ -his (N-carbazolyl) -1, 1 -biphenyl (CBP) as organic light emitting layer, TPA-DSP and SPTPA-DSP exhibited
excellent performance in organic light-emitting diodes (OLEDs). Both materials emitted red light, with TPA-DSP

achieving a maximum external quantum efficiency (EQE) of 17.8% at 580 nm with a 7% doping concentration (mass
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fraction). SPTPA-DSP, featuring multiple spirofluorene groups, demonstrated superior device performance,

achieving a maximum EQE of 19.3% at 580 nm with a 7% doping concentration (mass fraction). The maximum
luminance of TPA-DSP and SPTPA-DSP reached 11800 and 12650 cd/m’, the maximum current efficiency (CE) both
reached 40.0 cd/A, and the maximum power efficiency (PE) reached 44.3 and 47.2 Im/W, respectively. Notably,
SPTPA-DSP, featuring multiple spirofluorene groups, demonstrated superior device performance due to its greater
steric hindrance. Our findings underscore the potential of the spirofluorene group to enhance the performance of
TADF materials through steric hindrance effects, which not only contributes to understanding the effect of steric
hindrance in TADF but also paves the way for further advancements and applications.

Keywords Thermally activated delayed fluorescence ; Red luminescence; Steric hindrance ; Spirofluorene

AW ECREER M (OLED) BAT (R & & . G5 T8 . AR AR RE AR, 2R —AR
SRR B AR LA B R T 1) . A B OLED S5 44 AR . B T2 . AHLAOLE | 250U%
Sar RN PEAR 2, A LR TGRS OLED Y SCED). FEMLSGoe ert R, P28 i 4w S iR
I B BRSSP, W TR Q) R HITE 25% LT . ZEBDEr R, Mt AR A 48 S
FLRA(S) B =LRA(T) MR OS2, T S EILEIRE L H#E, 10E 735 100% 7. 4Rifi, HF
B BERAS 5 . B RR e 22, SRR PR AR R . ZE ISR IER YOG (TADF) pp L, =
LRSI AT LASE i S 1 ZR )8 R (RISCO) 3 B 28 S, A8 0k, AT SEBE 100% AR =, Hir, S8t
ML, TADF MPRMEAS BUAR B SR S 4 OLED S8 L 245 81 T )12 RS Fni A -1,

TADF 43 T (3018 7 2845 L R 50 . (1) TADF 2> T A /ML - =R BREYE (UE,,) , LU
SEERRISC R . FE4r Tt b, 51 AZS [l BH I F ] DLl A s g 4 g e (e il i s o5 98 2 F 3l
1 (HOMO) 5 5% o5 4l 43 T 5118 (LUMO) A 3453 B, LLSCEIV/ING AE,; (2) TADF 43T A5 5 192k
HFTR(PLQY), MBS mAcE. £ Fiit b, 9IS [ BHIE A o] LAl 47 R 0 Fi
el W/ AR ST RE R, RS R AT AT RCR , $2m PLQY. [AlAS, 51 A A )45z BH I 0] LA
G R A% U AT ) SR MR, e P K 02,

HHT, CA 2R SCENRE T2 HE 25 BAHVER . Zhang 55224 B T HAT HLUIE 25 B A () TADF
O3, BB 3k A A (A7 B S0 G T 2 Az O SE A (1) S HE R, FE B 2% 0 /0 B0 5%~60% 1 X [H]
AR EE 20% LA b AT % (EQE ). 8 25 Z5 AT R T 445 m W 1) 431, a8 3k B il 9 sh ez
WD ARSI ERIT BE R 2 . Wang 252 7E MR-TADF 43 T-H 28 E5 | A TUEZ5 5141, ZEVA WAL B #e1oh
SEELT 20% EQE BLESOE R ST . Yang 5525 | ABRZ5 SERTG T RIS TADF 431, #RFAE R G IX
WP T 39% M EQE. 1825 3 L HAT B R 1923 (B2 RH, Xt TADF BRE& Sk BE A3 5 HAT B 5T

TEATRA AT TAE S, LA=2R M R . 269 [a, o MR RS2 (R BACAY LT TADF 431 BUAs:
TR TERE . a0, W1 T =28 [a, ¢ Wy R ZARER A3 BNk, 3958 T W 7 RE I Mo TN
HLAT A RS R, (2 iE T R4, IF HAE 10% 15220 B (it 43450 & F 608 nm AbSE3H T 24. 97% 1 #:
KEQE™'; CN-TPA 4} F7E 2. 5% B4 E (R 80 T T 668 nm AbSZEL T 22. 8% [ K EQE™; &
Py-Ph-TPA 73 FH, BIA T B LWL FIE M, SCBL T AP SO BE , 16 5% B 29 (a0 80 F
F 648 nm A SEIL T 32. 5% M K EQE™. 78 = R84 5| AFHIR AR Z AT DLk b & A% 0 3L A 1 5
WEEFR0 R, BFIR S B 5 A = A IR DCN-DSP 431+, A RORER 1 & 6% O JE A 1) X 8 M

I, Bl THEAR ST RE AR, SCBL T IR S AR e .

FEICIERN b, AR TARKR 55 3L 15 | A B9 LA =28 48R . — 283 [a, ¢ WM g 24K TADF 43
T, WA LT 4 BEAT AU 25 F R 2 B A 4 5 ) TPA-DSP Fil SPTPA-DSP. SPTPA-DSP 43 F-1E
TPA-DSP 4> T80l I, 16 =R B ARTR 51 A TIRZ5 450 . 824514, 47 - (9-IRmg) B2 (CBP) Hh
YERAPLEIEIZ )G , 2T TPA-DSP Al SPTPA-DSP ] OLED #4528 1T S5 i s Uk e RE . 78 7%
B B (s 5350, BEF TPA-DSP ) OLED #54 & J 0% 4 77 580 nm, K EQE 4 17. 8%, J: T
SPTPA-DSP 1) OLED g+ & Gl £ 24 580 nm, fie K EQE 4 19. 3%.
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1 SEIGERS

1.1 RFI 5

2-R-9,9" MR 2 | A-KUT HE TR L IRBIOR | T (4-8UT SR e L NIRRT BEE (NBS) |
5,6-1R-2,1,3- e 3,6- " R—-2, 7- RLAERR | 2, 7- AUT FE-OH-25 -9 | 4-FUT IR |
9-Zy MR FAETNER , fbaiali, FifpReqR 2 R AR = (ORI N ER) 41 [ Pd,(dba), ], IU( =
AL HL [ Pd (PPhy), )L 1,17 - (2R B ) ik — A A4 [ Pd (dppf) CL, | B =2 B — S fb 4t
[Pd(PPh,),CL ]\ IE T 3LER AN+ N-FF L e i), DR 2, bt i R iRk BRA w5 AL T4
(CuCN), 43Hr4li, M IREILEEAb 222N |5 UKBEIR , sl YEHOKAERHE A, & F b | oK.
FTHZR BT 1,4- 0N, S B HEERPURWm, PJLgal, oA BRA A .

AVANCE NEO 400 MHz %A% % S 4% 3% 1 (NMR) , Fii -+ Bruker 24 ] ; Ultraflextreme MALDITOF/
TOF 75 5 i BN HT H 25 R AT ] BT 354% (MALDI-TOF-MS) , 725 Bruker 23 6] ; SDT2960 %44 43
HrX(TGA) , £E TAZA w5 CHI600E B H A2 7 A4, IR JRARA AR 23 Fl 5 UV3600 B 48 4h- 1] L3 21
HNEIEETH(UV-Vis NIR ), H A HAF] 3 FLS1000 B5 66N (PL) , B[ 2 T 80 .

1.2 X

fE4 ) TPA-DSP 1 SPTPA-DSP A4 LK 43 7] UL Scheme 1 Fll Scheme 2. i@ i )2 A (i X HbRr™
YIHEAT T Ay BSR4, J14 '"H NMR, °C NMR # MALDI-TOF M4 T T 45 HfiA , 158 WA S 05
JELE S1~S6.

o O OXO OXO
. \|/ Na,COs O 1{0}[ Pd(PPhs)zClz, K.COs O
Igrd '.Brl * b oo, 6 e O T O Dammo.es e an OO0
Br Br B Br
la 1b

AcOH/HCI,
120°C, 8 h

i n-BuLi
1b + -
THF, 78 °C—r. t.. 24 h

k!

)€ AcOH, 135°C, 12h

ldJrNC
-

HN N,

TPA-DSP

Scheme 1 Synthetic routes of compound TPA-DSP
12.1 TPA-DSP# & &  FERTSAT, #4200 mg(0. 4 mmol) 4,5- 254" - (W (4-CGRUT ) K3 &
Fo)-[1, 17 -3EHE ]2 F1300 mg (0. 32 mmol) 27, 117 -4 T e mkmE [ 25-9,13" - —8idf[1,2-b:2",
1'-h]3E-167,9-25]-6" , 7" - Fi A 20 mL oKE§ER 1, 75 135 "C ik 12 h. BAIRERG, A KGR
AKEEUE , B A T A W b, FKBEEIE AN . A UL A — & e (R L
32 BRI 2ok A e alifl , 75321 46 [54AK 320 mg, W% H 73%. "H NMR (400 MHz, CDCL,), &:
9.84(d, J=4.0 Hz, 2H), 8.94(s, 1H), 8.55(s, 1H), 8.16(dd, J=19. 1, 7.6 Hz, 2H), 7.70(d, J=8.0
Hz, 6H), 7.65(s, 2H), 7.45~7.32(m, 10H), 7.23(s, 2H), 7.18(d, J=8.6 Hz, 4H), 7.11(m, J=
7.8, 3.3 Hz, 2H), 6.67~6.59(m, 6H), 1.36(s, 18H), 1.02(d, J=2.0 Hz, 36H); *C NMR (101 MHz,
CDCL,) , 8: 153.06, 152.66, 151.04, 150.94, 149.33, 148.79, 148.74, 146.79, 145.41, 144.63,
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J{ DMEH.0.80°C.60h E a;
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c +
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%
 _PACPICEKCOL  y iy * o<
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2 + 9O DMER0.65°C. 241 B ,
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X
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Scheme 2 Synthetic routes of compound SPTPA-DSP

144.25, 143.55, 143.16, 142.83, 142.71, 140.23, 140.21, 139.95, 139.43, 137.47, 133.51,
133.00, 130.02, 129.90, 129.82, 129.75, 129.70, 128.77, 127.78, 126.46, 125.20, 125. 10,
124.11, 121.53, 120.99, 120. 89, 120. 68, 119.55, 118.80, 117.80, 117.54, 113. 13, 66. 84, 34. 88,
34.56, 31.62, 31.49; MALDI-TOF-MS(C,,,H,,N, #& {8 ), m/z: 1361. 818(1361.736)[M]".

122 SPTPA-DSP 4 i 1ERTSHA T, #4268 mg(0.4 mmol) 4'-(9,9" -M2[ 2 ]-2-F (4- (T £ 2
HOEIE)-4,5- @ HE-[1, 17 -5 ] 2151250 mg(0. 4 mmol) 27, 117 - T FenknEIf[ 259, 13-
JF[1,2b:2" ,1"-h FE-16",9"-%5 1-6" , 7' - FANA 20 mL pKEERR H, 76135 °C FitFE 12 h. BHEER
J&, AR LA UE , F B R T a8 erh, FKBEERIFEIFA P . A HUAER A T 5
ot (IR EL 7 )V R R 2o bk (i g, 45 340 €4 [ 1K 325 mg, Y%A 70%. 'H NMR (400 MHz,
CDCL,), 8:9.71(d, J=35.5Hz, 2H), 8.80(s, 1H), 8.42(s, 1H), 7.94(dd, J=25.6, 8.0 Hz, 3H), 7.78
(p, J=6.6, 5.8 Hz, 6H), 7.66(d, J=7.6 Hz, 4H), 7.55(d, J=8.4 Hz, 2H), 7.44~7.32(m, 7TH), 7. 24~
7.15(m, 7H), 7. 14~7.00(m, 5H), 6.96~6.90(m, 3H), 6.86(d, J=7.6 Hz, 2H), 6.78~6.61(m, 6H),
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6.52(dd, J=7.9, 1.7 Hz, 2H), 1.31(s, 9H), 1.10(d, J=6.9 Hz, 18H); “C NMR (101 MHz, CDCl,), §:
152.70, 152.32, 152. 17, 150. 43, 150.24, 150.07, 149.02, 148. 81, 148.71, 148. 64, 148. 60, 147.20,
146. 89, 145.32, 144.25, 144.16, 143.38, 142.57, 142.48, 141. 86, 141.58, 141.41, 141.37, 139.79,
137.91, 137.53, 136. 62, 133.47, 132.88, 130.06, 129.87, 129. 19, 127.91, 127.86, 127.78, 127.61,
127.30, 126.35, 124.99, 124.90, 124.07, 121. 64, 120.94, 120.35, 120.23, 119.67, 119.47, 118.74,
117.70, 112.91, 66.55, 66.48, 66.08, 35.00, 34.92, 34.49, 31.54, 31.42, 31.36; MALDI-TOF-MS
(CosHoN, IS ), m/z: 1432.256(1432. 629) [M+H "

2 SRS

21 ERitHE

BT IRAPEAL TPA-DSP 1 SPTPA-DSP (1 HL T4, JEF B3LYP/6-31G (d) JE4, R A% B2 ok L
W (DFT) A 125 77 s BEE (TD-DFT) A 7B, THE 25 R 1k 1 s .
(A) HOMO LUMO

Fig.1 LUMO and HOMO electron cloud distribution of TPA-DSP(A) and SPTPA-DSP(B)

Table 1 Theoretical calculation data of TPA-DSP and SPTPA-DSP

Compound EyonoleV E voleV E/eV Eg eV E. eV AE eV f
TPA-DSP -4.91 -2.50 2.40 2.07 1.91 0.17 0.11
SPTPA-DSP —4.84 -2.50 2.35 2.04 1.89 0.16 0.11

#£ TPA-DSP 1 SPTPA-DSP 431, L4515 =R | 825 — R IEAARAR , 8-k 2 )™
A BE RIS A, 8 HOMO AT LUMO FE43 43 B, AEG FRIESAE 20 98 0. 17 F10. 16 eV, 5 SCHRRIE 1)
TADF 73 7 i BRS T AE fH He 48, A (R/S)-C-DpCpN-Trz, B-DpCpN-Trz #1(R/S)-C-DpCpCz-Trz 5311
BT AE, 2358 0. 26, 0. 39 #10. 25 eV, ACR-IPTZ, TerCz-IPTZ, SACR-IPTZ Fll SMAT-IPTZ 4} ¥
HIFEE AEL A3 4 0. 16, 0. 50, 0. 29 F10. 29 eV, TPA-DSP 5 SPTPA-DSP (36114 AE., i /& TADF
S FRITESK . 5 TPA-DSPAH L, SPTPA-DSP fE 45143543 5| AR 25 4544 J5 , HOMO Fl LUMO #4341 Jt
B B84k . HOMO JEA MG 7E = HE W5 ARHB 3, LUMO B MG 7EFEMA 23R4, T JE Fr Bde 422 A i
2543 JC LUMO 4347 . TPA-DSP # SPTPA-DSP HA AL 45 A 32 44, FLHOMO F1 LUMO REZR AR A A
T . F I A S (L BEAE L, A BOAR Sh AN S sl g 2 b TR R SRR R LI AR, R
P AR IR TR EE () , FIE b RSP B R A AR
22 HUFMHREMRERES

FEZEIL T, X753+ TPA-DSP Fl1 SPTPA-DSP #E A T AF MR ZE (CV) Il . P A v PR oAU, il
3 CV IR A S R E BRI ST(A)~ (O R . ilad i i E AL AL HOMO gk, 455 ansk 2 ir

Table 2 Summary of the physical properties of TPA-DSP and SPTPA-DSP

Compound A “nm A hm @y (%) PLﬂ/phl'/nm (Eyono/Evumo eV Eg'l/eV (Eg/E ) eV AEST/ leV
TPA-DSP 467 595 84.6 563/630 -5.19/-2.91 2.28 2.36/2.11 0.25
SPTPA-DSP 473 604 88.5 564/620 —-5.15/-2.94 221 2.33/2.12 0.21

a. Measured in oxygen-free toluene solution (107 mol/L) at 298 K; b. measured in oxygen-free toluene solution (107 mol/L) at 77 K;
c. HOMO levels were calculated from CV data, LUMO levels were calculated from the HOMO and Eg; d. calculated from the corresponding

absorption edge of the UV-Vis spectra; e. estimated from onsets of the fluorescence and phosphorescence spectra at 77 K; f. AEG=E, - E,,.
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N, EAFFE SIS . AE T (TCA) Z5 R BoR, A AA T, TPA-DSP 1 SPTPA-DSP 43 F
HBELA R ENE , BMIIRLEE (T,) 73500 505 1532 “CL WA S 5 E BRI ST(D) 1, Aokhi i B as 7%
Pl 45 OLED AR .
2.3 hkYpIRiERE

TEAIBEGY T TPA-DSP FI SPTPA-DSP [FOEH L BE, 25 R UK 2 s . T4, 24057
IRV P e B A H AR ARG R - BT UL IR O A S IR S ETE [E 2(A) AT (B) ], $84h-AT LI KO
7E 300~400 nm BT 1Y 5 BE R R B R 338 & 1Y near Fl ar-r BRIT . 7E 400~500 nm 2 7], i T4514k 552
TR R B2 (B A FE RS AR MR, 437 ELAG 55 1T S MRS . AR = IR PO B %, TPA-DSP Fl SPTPA-
DSP i &G+ 40230, 435128 595 F1604 nm. ZEARIE (77 K)F, Wi T TPA-DSP #l SPTPA-DSP 7£ Hi
R PP RBE LG [ 2(C)F(D) ], DAPFAL B S RESL . AR AR R i e a7 L 31
$45 H TPA-DSP F1 SPTPA-DSP 11 S,/T, REZ% 437 M 2. 36/2. 11 eV F12.33/2. 12 eV, AE, 435K 0. 25 Fl
0.21 eV, 53CHRHIE 1) TADF 43— LUAH R S2 55 45 4 AU [R) 5 253158 0 AEG A L, 4 DB-SF1 Fl DB-SF2
TSN AE 435124 0. 20 F10. 17 eV (R/S)-C-DpCpN-Trz, B-DpCpN-Trz Fll (R/S)-C-DpCpCz-Trz 53
THYSZI AEG 5351 0. 26, 0. 20 F110. 46 €V?'; ACR-IPTZ, TerCz-IPTZ, SACR-IPTZ Fl SMAT-IPTZ 43
RS2 AEG 43514 0. 20, 0. 40, 0. 33 F10. 40 eV, TPA-DSP 1 SPTPA-DSP 43 T4 /N AE o 7] LA 2
T, 73 RISC R0 S, 7. ALY 25 -2 AR5 K (755 TPA-DSP I SPTPA-DSP £ E, M AE, AF
$23E . TPA-DSP 1 SPTPA-DSP 1EH5 B 4% % (107 mol/L) FP i) PLQY 43 %1 Ky 84. 6% F11 88. 5%, 1 T1E
SPTPA-DSP H, K 1y 25 [z BH AN NI A 43 PR sh A sl sz B, #0] T AE RS BRAE , Bos i TR
B PLQY. Mlatas Bl e 2 b, SHeEs AR 3.
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Fig. 2 UV-Vis absorption(a) and emission(b) spectra of TPA-DSP(A) and SPTPA-DSP(B), fluorescence(a) and
phosphorescence(b) spectra of TPA-DSP(C) and SPTPA-DSP(D)
In toluene. (A, B) At 298 K; (C, D) at 77 K.

24 EBEENMERE

N T AL OLED #81FVERE , ¥ TPA-DSP HISPTPA-DSP /3 T8 2 8 AR M KL CBP Hf, il 55 R84
wr: AR (1T0)/1,4,5,8,9, 11-8A S R HNE (HAT-CN) (10 nm)/ 4,4 - L[N, N-—(4-
FR R ) R e 1 (TAPC) (40 nm )/ = (4-RME-9-FEIRFL ) B2 (TCTA) (10 nm) /4,47 - (9-FRI) K (CBP) :
Emitter(3%, 5%, 7%) (25 nm)/4,6-%[3,5- . (4-NkE ) FEAIE |-2- FH FLm50E (B4APyMPM) (55 nm )/8- 72 2k
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MEIBRER (Liq) (2 nm)/AI(140 nm). ITO K FH#%, HAT-CN J25 70 AJZ , TAPC Jy 28 UL 2, TCTA J&H,
TRPY)ZE, K62 CBP A TPA-DSP 824K, LB ZRIE /50 3%, 5% F17%, BAPyMPM
HLFAE4)Z, Ligo M FEAJZE, AR

TPA-DSP #1 SPTPA-DSP ##AF i B AR E 2 2l T B 3 FE 4 v, AHOCEHR S TR 3. Kk
F TPA-DSP 1 SPTPA-DSP () OLED g {4 HA B AR A L, 76 2. 7~2. 9 V 2 [8], KEHIIEEZ 2 (A1 F1
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Fig.3 EL performance of TPA-DSP based OLEDs
(A) Normalized EL spectra; (B) current density-voltage-luminance characteristics; (C) EQE-luminance characteristics ;

(D) current efficiency-luminance-power efficiency characteristics.
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Fig.4 EL performance of SPTPA-DSP based OLEDs
(A) Normalized EL spectra; (B) current density-voltage-luminance characteristics; (C) EQE-luminance characteristics ;

(D) current efficiency-luminance-power efficiency characteristics.
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TIREJZ R0 Ha A T A FIR s . SR AR T (BTt 43850 FH 3% 38 /% 7% B, TPA-DSP g fF A H
HORCIETER I T 8 nm MYLLAS, SPTPA-DSP a8 AR th AR . M IHNL T, BEFE B 22 B3,
RACE R AR - (B A BAE RSG5, JEFR S BT RE BRI R, Mk . ERIB LB OLED
anfrh, TPA-DSP FISPTPA-DSP 523 14 /N LIRS, FBHIR D) ity 25 Al o B — e R B ok o 1 A0k
U FE P () B HERR , W58 T 40T RIAH EAE R, ke T R A Al e S R 40 2k 25, Sl T 3y
B 2EPERE . TPA-DSP 1E 7% 5242 B F T 580 nm AL 523 T 17. 8% Wy H K EQE, SPTPA-DSP #4F-7E
7% B2 W & T 1E 580 nm AL SZEE T 19. 3% A H K EQE. TPA-DSP #l SPTPA-DSP i {4 /) 5 K52 43 1)
IKE T 11800 Al 12650 cd/m?, fie KHLFACR IR E] T 40. 0 cd/A, f RUPRBCR S EE] T 44. 3 F
47.2 Im/W. SRTM, Y52 EEAH] 1000 cd/m’ B, SRR FEAR, R LFIES] T 70% Lh L, X 0]
REEH TASBREE T, SWREN LRSS IR TFEK, 528848 HEXRK(TTA) . —
LRASMAL FEE K (TPA) ML A - 2R AT K (STA ) i B A 570, i 21825 5L A1 () SPTPA-DSP 431
FUA A R Rk S SRR R RE T, TR B A S A a8 APk g

Table 3 Device performances of OLEDs based on TPA-DSP and SPTPA-DSP

Doping rate(mass

Compound VIV L t(cd-m?) CE/(cd-A™)  PE/(Im'W™') A mm EQE/(%) Roll-off¢(%)
fraction in CBP, %) o . e

TPA-DSP 3% 2.9 11800 40.0 42.8 572 16.2 71.6
5% 29 11540 40.0 43.6 576 16.9 75.1
7% 2.8 9988 40.0 443 580 17.8 79.8
SPTPA-DSP 3% 2.7 10730 40.0 46.6 580 18.2 76.9
5% 2.7 11910 40.0 47.2 580 18.6 76.9
7% 2.7 12650 40.0 46.7 580 19.3 78.2

a. Turn-on voltage at 1 cd/m?; b. maximum luminance; ¢. maximum current efficiency; d. maximum power efficiency; e. electrolumine

scence peaks; f. maximum external quantum efficiency; g. roll-off = [ 1 = (EQE at 1000 cd/mZ/EQEmax) 1x100%.

3 &

I AE TADF 3 F B3 bl AZSRIGIBHEE M, Hil4s T SRR ML TADF ML, 843 CBPH
2T HA S B EERE . RIS T, 2 TR A3 B B AR VK . JEF
SPTPA-DSP () OLED # /F R BUH e R #RPERE , 76 7% B4R T T 580 nm ASEBL T 19. 3% Mk
EQE. SPTPA-DSP #3{F A K22 FE R 3] T 12650 cd/m?, Fx KHLFACRILF] T 40. 0 cd/A, Fe K EHK
IKF T 47.2 Im/W. SPTPA-DSP 1) 22 88 25 45 14 T A ) 3k b e A% O SR AT 1) BB HERR, A F T sl
TRSHRT R RIS, SCPL T LTS OB RE . 0TS 6 I HLA 2 B L BEL AR B2 45 KL P X6H 4L 75 TADF A4
RHEREIELE J1, #ATF K Br8e% H OLED 42 IS0 frfis &

R LAITERFWEEEFHAFF RIS T 7 @R e L 4.
F #1428 R http: //'www.cjcu.jlu.edu.cn/CN/10.7503/20240494.
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