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Progress on Donor-Acceptor Type Thermally Activated Delayed
Fluorescence Based Blue Emitters

Tan, Jihua® Huo, Yanping™“? Cai, Ning“ Ji, Shaomin“

Li, Zongzhi” Zhang, Li"
(“ School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006)

(® Key Laboratory of Organofluorine Chemistry, Shanghai Institute of Organic Cheimstry, Chinese Academy of Sciences,
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Abstract In thermally activated delayed fluorescence (TADF) based emitters, the excitons from the lowest triplet state (T,)
can be efficiently upconverted into the lowest singlet (S;) state via reverse intersystem crossing (RISC) process due to the
small energy gap (AEst) between their S; and T, states, harvesting both S, and T, excitons for emission, with non-noble met-
als, which can break the internal/external quantum efficiency (IQE/EQE) (<25%/<5%) limitation of conventional fluores-
cence based organic light-emitting diodes (OLEDs). Their no-noble metals feature makes them more competitive than phos-
phorescence materials in making OLEDs. Among the vast of TADF materials, eletrons donor-acceptor (D-A) type is one of the
most popular TADF material due to their outstanding performance and convenience of preparation. On the other hand, efficient
blue emitters are facing issues related to their stability and color purity that makes their development quite challenging for
researchers. In this review, the D-A type blue TADF emitters and OLEDs reported recently are summarized, the mechanism of
TADF based OLEDs and the principle of designs are elaborated, and a full vision of its development is made.

Keywords D-A type; thermally activated delayed fluorescence; blue emitter; organic light-emitting diode
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Figure 1 CIE chromaticity diagram and the position of NTSC
& EBU’s standard blue emitters

gk BT, WK BA s SR DA N
A EHCR B — PR BN Y F A TR,
Adachi [ PAPHRIE T —Fh LIS Ak 4E IR ¢ S (thermally
activated delayed fluorescence, TADF){F Ak YL HE ) 4>
#1 OLED #8 . ZRBAFEAT AT & B L4 )8
ORI S & Ty &L EZ 5500k, H
IQE B fE rIIA %] 100%, AWt OLED, JFHAES
BOSAS E B OLED BA T RIILH, #Eh “H=
7 ROGEAE. W 2 s, 47 S S1ERE Ea T
T, &, P& Z e —E MIRERZE(AEst), 4 AEsr /£1%
/IN<0.5 eV)BT, 73T Nk AE ) &[] & R (reverse
intersystem crossing, RISC): T, #& ¥ -il it I ISR S 44 F
B g S, AL FEA HHRAE S, A 25% TR
5B R T AR R G 1 RIS 2 ' (prompt fluorescence,

Chin. J. Org. Chem. 2017, 37, 2457~2480



Chinese Journal of Organic Chemistry

REVIEW

PF), 75% T, 5Tl RISC i 72 L343 S, )58
S R 7 AR TR 4 L 2 TR 4 P o 1) ZE IR 2% ¥ (delayed
fluorescence, DF), T MHEHTLRIGIE e —8, —
HHI TADF Wk gudtteFar Bt 3 MUES.
WRIEILH 2% 8 43 Ak &R, RISC R H krise 5 AEst K
1ELE:

ST

ke € €xXp
B

ks NBCH 222 W, T NEE. Frbl, 8T SEIE 30
TADF, 31559 F N2/ N AEsr EXEE, Tao &Y
[RRIE Fe 48 H, AEsr i 2 T F106 &3

Es=E+K+J

Ex=E+K—J

AEq=Es—E;=2J

Hh ERBGERE R, K AW THERRE, J oSS HEe. R
BER, AZHAE J 570 T H) HOMO M LUMO B84k [
TR REAR. — KNS, BFaEk-Br1r2hk
(eletron donor-acceptor, D-A)7%) ¥l 3 (4] 2 i) 2= [a] FH
SERE R T2 S22 e 25 Fs, T LM#E HOMO
A LUMO Bl or A fE 45 AR L5324k 1,

(@)
A
LUMO

)

Sl e
L
HTL e Cathode

ITO ETL

Energy level/eV

Phosphorescence

B2 TADF e & (a) XHLELE (b)
Figure 2 TADF energy level (a) and mechanism (b) diagram
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R AR O UE AR AR 2% BB PO BRI (e )« BB T SO R T F(PLQY) EIIIE FHOL%
1 (tpp, Top)s HES-ZHEERELE(AEs) BBUOGHK (Ap) s SOKIME TR (EQE)LL K CIE th s

Table 1 PL peak (4pr) in solution or dispersed in a host film or in neat film, photoluminescence quantum yield (PLQY, under nitrogen),
lifetime at room temperature(zpg, Tpg), singlet-triplet energy gap (AEst), EL peak (45 ) and maximum EQE, CIE for TADF based blue
emitters and OLEDs

Compound Apr/nm PLQY/% Tpp/NS Tp/US AEgt/eV Ag/nm EQE/% CIE Ref.
1 466", 4924 35,39¢ 12, 10° 120, 230  0.080 506 5.3 — [26]
2 457,480° 747 6.3 — 0.09, 0.11° 487° 20.6° 0.19, 0.35 [27]
3 458,475 574 6.0 — 0.28, 0.19* 478° 16.82 0.17,0.27 [27]
4 458,475 724 6.5 — 0.032, 0.29° 477 14.6° 0.18,0.28 [27]
5 435 62 27 22 0.06 485 11 — [28]
6 — 16.7° — 3.9 0.1 470 9.3 0.15,0.22 [29]
7 — 50.5° — — 0.03 484 14.7 0.17, 0.34 [29]
8 — 43.0° — — 0.01 480 12.3" 0.17,0.31 [29]
9 — 40° — 13.4 0.17 486 23.6/ 0.21,0.36 [30]
10 — 97.9¢ — 5.4 0.002 477 20.4" 0.18, 0.31 [31]
11 — 3L.1¢ — 29.6 0.191 473 13.2/ 0.17,0.25 [31]
12 — 85.3¢ — 31.2 0.302 465 16.7 0.15,0.18 [31]
13 495 29.8¢ 11.0 473 — — — — [35]
14 502,510°  43.1487*¢ 21.1,11.2¢  13.3,520° 0.15 508 14.92 — [35]
15 577,550° 12445 9.0,7.0° 0.52,5.4* 0.08 580 9.5¢ — [36]
16 528 74, 4424 3.9 33 0.02 — 9.2¢ — [36]
17 495 4,12 3.6 — 0.08 — 43¢ — [36]
18 428° 75420¢ — — 0.5 — 6.8" 0.158,0.043  [37]
19 458, 464°  87%¢ 12¢ 38¢ 0.25 470 20.48 0.15,0.15 [40]
20 451,452 69%¢ 11¢ 40° 0.25 462 12.28 0.15,0.12 [40]
21 461, 466°  91%¢ 13¢ 45¢ 0.26 469 17.12 0.15,0.18 [40]
22 454,458 90%¢ 11¢ 70¢ 0.29 460 14.32 0.15,0.13 [40]
23 448, 457° 834 11¢ 78¢ 0.30 458 11.48 0.15,0.13 [40]
24 453,458  54¢,92%¢ 11 330° 0.26 468 19.0" 0.16, 0.21 [41]
25 456,462°  50°,94%¢ 11 210° 0.24 472 20.8" 0.16, 0.24 [41]
26 498 77%¢ — 21.4% 0.18 499 20.9 0.21, 0.44 [42]
27 498 79%¢ — 20.7 0.19° 498 19.0 0.21, 0.44 [42]
28 489 80%¢ — 26.2° 0.19° 489 24.5 0.19, 0.37 [42]
29 503, 4929  26°, 49%¢ — — 0.16 496 7.5" — [47]
30 490, 483 36°, 52°¢ — — 0.13 486 8.7" — [47]
31 532,499 77¢,77%¢ 50 18.1 0.26 499 7.5" — [47]
32 428° 75420¢ — — 0.5 — 6.8" 0.158,0.043  [37]
33 420° 43¢ — — — — 3.5" 0.156,0.058  [37]
34 485 45b4 8194 175 5.3 0.04 490 16.5¢ 0.17, 0.30 [50]
35 438, 444°  21¢, 55%¢ — 7.1 0.21 446 8.1 0.16, 0.14 [18]
36 462,475 38¢,73%¢ — 4.6 0.14 484 14.3" 0.17,0.27 [18]
37 509, 538%  44¢,70%¢ — 0.12 0.03 539 10.7" 0.37,0.58 [18]
38 566,541 36°, 71%¢ — 0.13 0.10 586 42" 0.58, 0.36 [18]
39 600, 555 10°, 36"° — 0.03 0.06 548 6.9" 0.49, 0.51 [18]
40 496 467 — 925 0.05 504 10¢ — [19]
41 — 37¢, 63%¢ — 3.1 0.16 481 233 0.21, 0.34 [30]
42 468,469 70%¢ 134 48.16° 0.06 484 11.4" 0.174,0310  [51]
43 490,514 88.0° 15 0.6 0.03 488 24.0 0.17,0.36 [52]
44 508,518  91.4° 18 1.0 0.04 514 27.2 0.30, 0.64 [52]
45 467,467°  90%¢ 6.2 0.2 0.06 474 18.4" 0.16, 0.25 [53]
46 473 46.5%,89%¢  28.5 166,273°  0.34 470 8.0/ — [15, 54, 55]
47 447 35¢ — 1.2 0.05 462 16.4 0.17, 0.30 [56]
48 473 94.6°, 85“¢ — 2.60 0.13 486 12.12 — [57]
49 475 94.0°, 85“¢ — 1.98 0.17 486 11.82 — [57]
50 470 87° — 2.35 0.11 510 17.9" 0.29, 0.52 [58]
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Compound Apr/nm PLQY/% Tpp/NS Tpp/US AEgt/eV Ag/nm EQE/% CIE Ref.
51 448 66° — 2.96 0.16 475 21.8" 0.17,0.29 [58]
52 444 61° — 421 0.21 473 19.5" 0.16, 0.23 [58]
53 443 76¢, 74¢ — 28 0.06 463 17.8" 0.16, 0.19 [59]
54 453 81¢, 100%¢ — 17 0.06 471 20.0" 0.16, 0.25 [59]
55 458 46° — 24.34° 0.27 456 148 0.14,0.12 [60]
56 453 76° — 24.34° 0.27 460 4.8¢ — [60]
57 450 63¢ 41 173 0.36 465 8.7 0.15,0.18 [61]
58 499 86° 35 5.1 0.20 504 18.9 0.23,0.50 [61]
59 455 46.6%¢ 14.2 57.9 0.02 500 19.9 0.22,0.40 [62]
60 455 54.9%¢ 10.5 12.9 0.01 484 17.4 0.18,0.32 [62]
61 448 49.7¢ — 46.6 0.04 475 21.2 0.20, 0.35 [63]
62 488,490° 34.5°,91.6%  10.4° 19.3 0.19 — 23.9" 0.24, 0.49 [64]
63 504, 495 30.6°,89.3%¢  10.7° 145 0.18 — 23.1" 0.28, 0.54 [64]
64 562,550 48.9°,90.4%¢  26.7° 1.9 0.032 — 29.2" 0.43,0.55 [64]
65 524,526° 31.15100%  15.7° 11.6 0.09 — 31.3" 0.32,0.59 [64]
66 543,5419  54.5¢,95%¢ 23.7° 5.2 0.04 — 30.6" 0.34,0.57 [64]
67 462,470°  17.8°,36%¢ 6.99° 0.03 0.439 — 5.7" 0.17,0.18 [64]
68 431,436  11.2°, 15%¢ 6.53¢ 0.01 0.403 — 1.6" 0.16, 0.06 [64]
69 519 31.34° 5.09 8.01 0.03 — 1.50/ 0.16, 0.28 [65]
70 450 31.12° 3.86 7.47 0.02 — 4.0V 0.15,0.14 [65]
71 509, 504 449 9244 — — 0.071 502 22.8¢ 0.22, 0.55 [66]
72 495,487 84, 100™ — — 0.058 492 21.6° 0.18,0.43 [66]
73 477,477 919, 874 — — 0.062 488 14.0¢ 0.22, 0.55 [66]
74 475 1007 33 1.60 0.10 480 21.78 0.14,0.23 [67]
75 456 767 28 4.02 0.12 475 19.08 0.14,0.12 [67]
76 451 567 26 2.06 0.06 465 20.18 0.15,0.09 [67]
77 443 867 21 3.49 0.12 465 13.32 0.15,0.08 [67]
78 467 99¢ 19 91 0.24 473 18.2 0.15,0.23 [68]
79 — — — — — — — — [69]
80 440° 98¢ — 236 0.013 466 15.1/ — [69]
81 482¢ 9924 — 1.87 0.028 503 2.1 — [69]
82 — — — — 0.456 — — — [70]
83 484 89.0° 41.4 6.71 0.041 479 16.0/ 0.14, 0.24 [70]
84 540 87.0° 42.8 1.98 0.033 525 17.3 0.28,0.58 [70]
85 446 8147 47.8 4.15 0.040 — — 0.14, 0.09 [71]
86 462 8147 25.0 3.70 0.057 — — 0.14,0.15 [71]
87 402,421 57, 60%¢ 2.2,3.5% 90, 850° 0.54 420 2.9 — [72]
88 419, 430°  65°, 66°° 3.1,32° 140, 840° 0.45 425 5.6 — [72]
89 404, 423 69°, 80™° 5.3,7.6°  270,2600° 0.32 400 9.9/ 0.15,0.07 [72]
90 445 56¢ — 127 0.21 460 14.5 0.16, 0.16 [73]
91 426 647 6.5 347, 2530 0.25 428 — 0.15,0.12 [74]
92 439 524 8.7 378, 2860 0.17 440 — 0.19,0.15 [74]
93 461 56.3° — 1.23 0.19 460 11.7 0.18,0.19 [75]
94 434 69.3¢ — 1.16 0.26 435 5.5 0.15,0.08 [75]
95 451,458  48°, 98¢ 29 2.7 0.06 486 20.5 0.16, 0.26 [76]

“Dispersed in a host film. ® Neat film. ¢ Calculated from the PL measurement. ¢ Absolute PLQY from spectrometer measurement. “ Absolute PLQY from integrating
sphere measurement. / Calculated from the current density, luminance and EL measurement. € Absolute Maxmuim EQE from spectrometer measurement.  Absolute
Maxmuim EQE from integrating sphere measurement.

2.1 TZIF D-A B TADF BE3edthy 1,3,5- =R AT AE MR T2 FE T2k # D-A &Y
2.1.1 1,3,5-="%% D-A & TADF i st 4t4 TADF # 68K 2011 4, Adachi 28281 R RARFR [

13,5- =Bl T &8 A TEEC=N), S0 HeE DRI W IR AR N R AR, SR T 1,3,5- ZIRE T
RS TR R, T = BEFF |- = AN 5 8UE TR 095 1 TADF #4811, FIFA1E S 24k 2 [0 i) 2 AL BE, {341
fr SRR SO SR G T SRt teyy, pre, 9 HOMO FITLUMO REZR I ) HAERIMRIF I AN =Tk
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FH E. BeRINA R B AT 1 SRS BN AEst (0.11 eV)
(RIS 3] T8 & (~107). LURESECN 6% (6
wt%) ] 15 42 7E mCP M | 5 oR e S0k et i, PF
Fa A DF %058 10 ns A1 230 ps. #4500 R
ITO/a-NPD/mCP/mCP:1 (6 wt%)/BP4mPy/LiF/Al (mCP
RNEAMED, FR# 1 EQE( T SCHTiA EQE ¥ N8  fx
KIE)N 53%. N T H—DERARFEFEHEX 5T
HOMO 4> BEFLRE LK KT TADF #5621t H It BE )
S, iz AP T SR DL 2,4,6- = 2K 3E-1,3,5-=
W& A O FL - 52 A A [R] B R R AT AR DA DR LT 45 AR
TADF %7650 F 2~4. ME=For TR 7% Fo OBk
IEAEARIE O R IER I 2 kPLQY LA K AEsr fH, &
BT FA BRI 2 7, BTk S 2k
Z 1) ¥ 2 [a) 467 P 5 3 HOMO Al LUMO fE4% 73 B Fe o
K, FAEH/N AEsr (0.09 eV A FAH, kA5 LA
K PLQY (74%). 3T iR =FF#5 ) TADF 43151t
BAELERIA ITO (120 nm)/m-CBP (10 nm)/DPEPO:2~4
(6 wt%, 15 nm)/DPEPO (10 nm)/TPBi (30 nm)/LiF (0.8
nm)/Al, L DPEPO “NEARMEL, m-CBP N7 /ALt
Bl Ho 2 3REHEEN EQE (20.6%), 3, 4 KIKA

N

N

)
O
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REVIEW
16.8%411 14.6%.

WAE, ZBIAPSILL 2-23K-1,3,5- = BE L A A T
A, 33-BRMEAE N TR, AR T 5. AR
PR 5 1 2 (8] 6 BELAE R A 43 3R 15 55/ AEsr 1E(0.06
eV), I3 e mk bk R e B R 4T (1 B AR o T
HOMO, LUMO feEE/EH. @il 7E e
T FER CUJGe FRAR MV 771 DU Sk e HR 1) 5% e i, R I B
EIARE KR USRSE RIS, R0 TIEBUR A H
W R AR AR A, UF S AN MR A RS B = RO R 4 T
B FRERS LG, 22E45K)N 1TO/a-NPD (40 nm)/5:mCP
(6 wt%, 10 nm)/5:DPEPO (6 wt%, 20 nm)/DPEPO (10
nm)/TPBi (30 nm)/LiF (0.8 nm)/Al (80 nm), 5 43 %43 BU{E
AL A 4R mCP ML FE 4 84 3244 DPEPO H1, LA
EEY RKBRTEAEX R, R8T EREM K
EQE (11% = 1%).

2016 4E, Gong ZEPNGIEMEATAEY) 5 2,4,6- = HE-
1,3,5- =44, 4T 6~8 =it TADF 41, F
53 /NE AEgr (0.1, 0.03 £10.01 V). @i i & = F
WAV SR A5 4, R T 5 52 AR RS T
Z AL f 200 87°, T =6k B0 5 R RSP T 4

&
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YN 34°, BTAEMM T BRI A A
TAER e S BUAREE, 38w 25 fE T YE R B A —
B, HBUT B e TS 8 RILH /MY AEs:
B, FEHRIGHEK KA. R @SR T4
W EGINEA — e 2 PSR A HURIE [, T H 2 L
TS, WLME—ERRE LIRS T A EH, BRIT
PAFEAHI RISC IR, (H T B FE s T
ER, o THEESHMARE, AR TIRE S
B T 3 A& IR OLED 2844544 ITO (50 nm)/
PEDOT:PSS (60 nm)/TAPC (20 nm)/mCP (10 nm)/mCP:
6~8 (5%, 25 nm)/TSPO1 (35 nm)/TPBi/LiF (I nm)/Al
(200 nm), # K EQE 73518 9.3%, 14.7%F1 12.3%.

2016 4F, Lee 2500 9-F I3 3 IR/ R 45 140%E
BeH 2,4,6- =K HE-1,3,5- 2RO T AEst (N
0.17 eV W5 9. FIHZS FHIMERE BN

7
RyNhN O R
g »

R= —gNQ

)

9
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ITO (120 nm)/PEDOT:PSS (60 nm)/TAPC (20 nm)/9:
DPEPO (25 nm)/TSPO1 (5 nm)/TPBi (30 nm)/LiF (1.5
nm)/Al (200 nm), #FH K EQE ik 23.6%.

F4E, ZHB\EILL 2,4,6- =2 KE-1,3,5- = LT
A, 43 ICAABAL . TEIAE DA R WA = 7 s 2 ek
MR P e L 2 R A B T = 2 [ ELAS 1 R A 326 ik 1
W5t TADF 21 10~12, H3R1HR /NI AEsr. Frp AR 7
BRI 43T 10 3R155/ME(0.002 eV), [AIALER IR Z
(0.191 eV), T s BUAR =4 T 545 52 A 2 () 2% 1]
FRESEUE, SFAFEORM AEst (0302 eV). =HAETAT
VBN PLQY 20915 97.9%, 31.1%F1 85.3%. 11 £k
1) AEst UL/ INIR 75 FE 3 B BN R e ' 72
. =M1 LL ITO/PEDOT:PSS (60.0 nm)/TAPC (20.0
nm)/mCP (10.0 nm)/10 ~ 12:DPEPO (25.0 nm)/TSPO1
(5.0 nm)/TPBi (30.0 nm)/LiF (1.5 nm)/Al (200.0 nm)A%5
P41 OLED #8fFAR L e, = Fhasthth & S i atiis
', CIE A4 43718 (0.18, 0.31), (0.17, 0.25)F1(0.15,
0.18), # 5K EQE 7374 20.4%, 13.2%F1 16.7%. H
HIET 10 1) OLED #8280 R NI (AR 5.4 ps, 1
1000 cd/m” B ZFE AU I T 2. 7% MR, 1k
N B [E) B R A A T RO L AR I DL R K AR
i) OLED ¥t asft.

? b4 o
sanslesavas

10 1"

b
oQ,
Ryeac

212 134-ME—vk% 124-=v % D-A & TADF #
H A

1,3,4-T8 AT K 1,2.4- =TI T BB 5
—EARH, BRI TR AR H TR DL
F%E D-A 2485 % TADF 53+, 3 H BT H B AR 7
AN K AERRE ), T4y E & F/EHE OLED #34FR2 3,
2013 4E Adachi S HRGE T R LG RERATAEYIVE N
Tk 2,5- TR FE-12,4- 08 R LTS AK I B Ok

Chin. J. Org. Chem. 2017, 37, 2457 ~2480
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TADF 73F 13~14. [RIFEF F Wy B (158 25 F R ) Al
1,2,4-8 — M5 oL TR URCRE 7, [ 0 TR AR R
T TEAS, LIRS E%/INMA AEsy [H(14 24 0.15 eV).
PR35 R R RV A AT S8R G (VB0 5 min) 3
B P8 7%, SRRPETLESE T 13
14 WRIHE SRR T =%, 25 M 18.1%,
19. 1% TFE] 29.8%, 43.1%. P& i RIAIZER 5% Y 5
fr, BIRIH BT =, R 7 B mEH
AMTEAE N XM R R, AR K=EE
BT MM PR TADF 43 T 6 g7 =%, iR 5
RAIRTS. IF B P FIREE T A A N POt E T~
REM, EEWANLERSIAR 14 HEERANGART)
13 BRI = GRE, RUNGAE D-A TR
ik D-A T HRAESRRCETTE ET0 T 14
Wit ) TADF ¥t OLED #5#) 3 ITO/a-NPD (30
nm)/mCP (10 nm)/14:DPEPO (6 wt%, 15 nm)/DPEPO (10
nm)/TPBi (40 nm)/LiF (0.8 nm)/Al (90 nm) (DPEPO ¥
ATED, HiK EQE A 14.9%.

UAE, ZBIABOILL 1,3, 4-8 — AT A B2 1,2,4- =1
FTAEYIE N T 324K ¥ TADF 4> 1, 395 7 PERE S i
5 TADE 20 1 15~17. = AN 13 LL 5- ey
BRAE N AR, R BL 2,5- 2R E-1,3,4- 8 A
34,5- =K H-124- = MAE Ny P24k @ T
B3LYP BRI E 7 VA% FE vz bR BR R A — P 2 RO R
JURTETE, BT 45 MF THURT FE 7 S2 AR IR 2R AP T 2
(A AERR R I 1, 4> HOMO 1 LUMO RgZ) 2 [H]
BRI E S A = TR EAKN AEsr {E(0.08, 0.02 LA
& 0.08 eV). LL ITO/a-NPD (40 nm)/15~16:CBP (20
nm)/TPBI (60 nm)/LiF (1 nm)/Al N45#f] OLED H)# K
EQE 738 9.5%1 9.2%; 5H4b, ¥4+ 17 LL ITO/
a-NPD (30 nm)/TCTA (20 nm)/CzSi (10 nm)/17 (20 nm)/
DPEPO (10 nm)/TPBI (30 nm)/LiF (1 nm)/Al A%
OLED %3 # K EQE N 4.3%.
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N N4< >—</N\|N
®C§ ) RS
N N——< >——</N\|N
O 5@

OO

© g

2016 4, Li PG T —R L 1,2,4- =M B T4
A, MRIERT =R e N TR R IE S 7 18, T
BB KK AEsr (0.5 V), HEA K S PLQY
(75%), BBLRA T HAGEK N 428 nm, HAFIEH
ANHIETE(SS nm), BEWFEEET 18 4R OLED #4F
F RS AR 0. 458978 1TTO/MoO; (6 nm)/NPB
(30 nm)/18 (20 nm)/TPBi (50 nm)/LiF (0.8 nm)/Al (100
nm) /) OLED ##f CIE f1.44475 4(0.158, 0.043), H3KTHH
Hi A 1L CIE(y)<<0.06 [f] OLED #%{4 " #% & ¥] EQE
(6.8%). {HAF LI, BIFLE 1000 cdom > BIRHE T
R4 B K BQE 111 79%, BIAEZE 7323 cdem > FABAR
FF 66%, & HARE LS PP R B PR

2.1.3 "% X D-A & TADF 3 244

5 1,3,5-=GEARAML, MEREIR BT AEE AN 1Y
WHE(C=N), JE7~H R &R AR % B o
MA, S KEHAERE = ESREANHTAIEYIT
(M e 2 T8 72 A BT T R RS AP S — T T,
BT M e SR S e, W e DL R KIS BT A L, B

http://sioc-journal.cn/ 2465
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FRH LUMO Redk, 1FNRIGZEMETEE OLED #%
PERT R Al P NIEFESE 25 510 (R, msnefir ARk
2 AT R9%E D-A BU¥5 5% TADF 4> 1 M H: OLED #344.
2017 4E, Yasuda 2 OHRIE T — R 51 LAMEIE AT AE Y N LT
AR, FECLRRY BEAT AP T4 1A [ #5 % TADF 40+
19~23. MR BT F SR DL ARAR R IE B AR
Z A AFAER K 1) 2 [ A BRAE AL 4y 7 2 M FF 45 52
R IR T IEAS R R, i 5 P13 I B AR 1)
AEsr{H(0.25~0.30 eV). TERSRY T, 5 Moy FHB 41T
PPF IR T M5 69%~91%M PLQY, JHEKL
AR BRI KN 448~461 nm, KREHETE
s, BT IR RIF IR MRE, Yasuda %L PPF N E
AR, M T 488 ITO (100 nm)/HAT-CN (10
nm)/a-NPD (40 nm)/CCP (5 nm)/19~23 (20 nm)/PPF (10
nm)/TPBi (30 nm)/Liq (1 nm)/Al (100 nm)fJ] OLED 2§15,
PARIEFE 5 By 7RG ELERE. 45 R oK, 5 Ff OLED #%{4
IR T 20.4%, 12.2%, 17.1%, 14.3%LA K 11.4%F 5%
K EQE, ¥JRHHIRE G, CIE AR 7H24(0.16,
0.23), (0.16, 0.20), (0.16, 0.21)LL%2(0.16, 0.19)F1(0.15,
0.15). BEAh, 5 % OLED #3415 2 L R 35K, N 3.5

a
YD
a

ala

-, — OO0
) aYe
Goo GRos

21

(UL
d_X O~
24

23
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T RIS HL I RETE N SR Y WY TADF 401 &
OLED #:fF, %I\ U[RIRE DL g BT N i 5244, —
IRIEIY g Ay L 2h A, I AR OB A TS
1 P O PR B SE AR R 1) W 5 TADF 41 24 Fl
25. HHTor T WS B AR F oy B35, nYue oo 540
TR ZRIR 2 (8] (1)L 1 fR ik B 82°~87°, {f 24 Fll 25
I3 HI3RA3 0.16 K1 0.15 eV 1) AEs B RN, 3R45 T 92%F0
94%1] PLQY(LAR B 7031 18%35247E PPF Hifiir). itk
4N, W5 1 PE vt 4 11 ns, DF i 7051 210 F11330
ms. 3T 2 P ol Y REIR U 4 T 4L OLED 344
£5KJ2N ITO (100 nm)/HAT-CN (10 nm)/a-NPD (40 nm)/
CCP (5 nm)/24, 25 (18 wt%):PPF (20 nm)/PPF (10 nm)/
TPBi (30 nm)/Liq (1 nm)/Al (100 nm), Pifha$LHAEM
T B DA AR S M A Z IR LT 2l 3R A5 19.0%
F120.8% 1 K EQE, H RS4RI 5ok, CIE LAk
3 19(0.16, 0.21)F1(0.16, 0.24). IAb, PE LI
KR EEHRIE, ¥R 3.6 vV, HoREkE 279 f1 31.5
ImeW ™ F i R ERCR.

X

N™>N

QOOO
o¥ . Ua

¢

NN

G o0, O
o . Ua

[F4E, Kido ZE I [FFE LAMSIERT AW A Ha T 324K, il
o A M E BT RIS 9,9- LN nE B T AAE, &
BT — RYVEH L TADF 47 T 26~28, =Fl/r T HAE
/N AEgr (0.18,0.19 11 0.19 V). H:rf 28 7 DPEPO #
JE o e Y B s B RO B (PLQY N 80%) PA S 240 2
) DF Z7#1(26 ms). LL=F7 1 RHKIEZH ) OLED
BA 2549 ITO/TAPC (30 nm)/26~28 (10 wt%):DPEPO
(20 nm)/B3PyPB (50 nm)/LiF (0.5 nm)/Al (100 nm), CIE
AR H28(0.21, 0.44), (0.21, 0.44)LLK2(0.19, 0.37),
VIR SRR Ao, =R 85K EQE 4l A
20.9%, 19.0%LLJ% 24.5%. {Ef3—#ME, T 28 1Y
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OLED Z$FRI )5 s RN 2.80 V.

NN
OO
N N

26

¢

N™ >N

sWesnasVe
N N

27

X

N™N
sWsnasle
N N

28

2.1.4 RAFHIE X D-A & TADF 3 X ##

HRIFFER RS H MRS S B EY, HAT
A2 T RO RO RIS OLED #81F
ORI v p AN PI Ey o p S ARl D QSR oy o p A
M 1,4- R B A IEFEMTAEVATP) & = MR A —
AN ZHEAA, BT AR R A TR, 1,4-7
BRI AT AR RN o B ILYEHELS, JF A
R U 1) H s A5 i e 0 AR AR B s i = S R (2
N 2.9 eV), #) 2 R TIERBETE E BGE LI IR B¢
J6HRE K OLED 28#£31. 411 2014 4F, Takahashi 25974
E T —RAILL 1L4- B RRIFIE R ITON TR R IR
1% 5t TADF 43 T & 3L OLED #8414 29~31. T H T3
WS AR Z AR R 2= AL BRAEF, A = AN 73
REIRAR /MK AEsr {8, AT I H B 55 (1 $43E 10 2B
IRPENCRUNE., = Fh TADF MR FF A A TE A AL B
(BB 5T L] TADF 4 TR SREERBEE =
gAREH, FHRWHEMRDY AEs HESEIERTA
0.28, 0.25 L% 0.50 eV, Z 85N 0.16, 0.13 PLJK
0.26 eV). 3T =ForT 15111 OLED #34-4549°8 1TO/
a-NPD/mCP/29~31 (6 wt%):a-NPD (15 nm)/PPT (10
nm)/TPBi (40 nm)/LiF (0.8 nm)/Al (70 nm), K15 T #844
5 K EQE 735N 7.5%, 8.7%LA K 7.5%.
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7\
N N

N N

596 3%

2016 4, Li Z0P7HRIE T Hiff D-A B 5 TADF
Iy 32 F133, S HILL 1,2,4- = AISE FR BRI A T4
ZARFIG. EVUERRIE A, P B R SR 7 0
428 A1 420 nm, HRIHE S PLQY (75%+£2%LL
43%). BT R TR IEES 240 OLED #8F3&

She
N@S?ﬁ
sialiae

WY

O .
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PR A1 CIE ABAR, (0.158, 0.043)LL/%2(0.156, 0.058).
T 33 4544°8 ITO/MoOs (6 nm)/a-NPD (35 nm)/33 (25
nm)/TPBi (55 nm)/LiF (0.8 nm)/Al (100 nm)f¥j 2814k
EQE /N 6.8%. #fF XM HBILHAEREIN S, £
1000 cdem * 52/ FABIRFEE K EQE ¥ 79%; RI{#ifE
7323 cdem *HKFEEE R SRR EQE (1) 66%, A&
H AT S IER CIE()<0.06 (ARSI K68+ EQE
Wi, MET 32 45895 ITO/MoO; (5 nm)/32 (55 nm)/
TPBi (55 nm)/LiF (0.5 nm)/Al (100 nm){j#%x Kk EQE R4

3.5%.

X 1R VY8 E A BR S H AT A A N T S AR T
D-A #¥ TADF #PRNAT S48, KILAE B AR AL
RGN RI S MR E I TR (R 2 B, 4
AL 2,4,6- =K H-1,3,5- =05 2,5- K HE-1,3,4-HE e
3,4,5- =7 HE-1,2,4- =W 2.4,6- = FRFEmENE DL 1,4- 5
FRRFF AR N T2, SRR A BEE 25 1K),
BT 1,3,5- =B AImsng B0 2 AT I i RE ).

®2 DUAEE I BT 2 4k D-A B TADF 70 7R OO K ()« 480 9O E 777 R (PLQY, BB ) LB E

Table 2 PL peak (4p.) in solution, absolute photoluminescence quantum yield (PLQY, under nitrogen) and singlet-triplet energy gap

(AEjgy) for 4 typical nitrogen heterocycle-based D-Atype TADF emitters

Compound App/nm PLQY/% AEst/eV Ref.
N= ‘N
@Nm 560 64 0.054 [37b]
N N
0 o
o) S / (6]
N N 502 43.1 0.15 [35]
O U0
\
N—N
3 N\©\(;7/@/N o 465 152 0.23 [35]
N
OO
N—N
O Z O 528 88 0.03 [37¢]
N N
/_\
N N
S
Q Q 546 30 0.17 [37d]
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25 51K B2 BALRH, BT DA CAFAE F 32 A #  D-A
%! TADF %)) B 25 5y 3R 1L 1) AEsr {H, F£ RISC it
FRbk Rk, K59 &R PLQY; 1M 1,4- R A 3F3E . 1E
TR = e B T AR R 55 1 R T D RS
(25 AR, #% D-A % TADF 2) T 3151 AEsr (B
FEXTIOR, A AFI T IRB 8= 1) PLQY. 75— 7 1M,
R B N LT S2 AR K @ TADF 43 i), Kk
FW KA KT BL 1,4- BRI Wl — e
TN FR2RK) TADF 41, {EMEIREE D-A 5
TADF M B} 7 HAEE—E B H. MBI T2 k%
B A TR ORI, TR BEAS H RE (R S,
2.2 ZZHEFZ D-A B! TADF I3k

H T 2K R AT A & A Sl kAR (C=0), 1E
T SRR R SR AR BRI, 2 —Fh &R
A 85 20 1 R (kise = 10" s 4G WL ik, + 2
A A A TS24 R 2 D-A B TADF #6701 2013
4, Adachi ZEPORBE A R T B AN DAY BE 50N HL A,
U N T S2 AR (PME AT A= W ' TADF 73 17 34. B+
SHEIT AEsr {E(0.03 eV)[RIRY, %5 F7E 300 KN3RI
H RIES 2R FZEIR ISR, W 7 175 ns 1 5.3
ms. TEEACRE T HRAREM PLQY (81%), LA ITO/
a-NPD (40 nm)/mCP (10 nm)/34 (20 wt%):DPEPO (15
nm)/DPEPO (3.5 nm)/TPBi (41.5 nm)/LiF (0.8 nm)/Al (80
nm)Z5 f4H ) OLED #3415 K EQE 1A F 16.5%.

(69
X o
QO

34

UAE, 1% S SR TE T — &R ) DL 2K D
T32HR, DAMyWERE , MR AR A T4 1R 1) D-A-D
“HUET "TADF 7)1~ 35~39. £ &% B2 R Fs 5,
XAy T IR A TUART R 2K R R G ) 2R R A R
TR B E 2 IBAFAE ORI T A(35 SN 51°. 36 M 61°
PLJ 37 R 85°), 1140 T IRTHR /NP AEsr {E(0.03~0.21
eV). 5 P a8 T8 2RI Ot R, PLQY
R 10%~44%, & BN F B A1) 35~37 —Fhor+
() 6 K20 TIIAE 438, 462 L A% 509 nm, 1 25 AN 2
WL A1 38 A 39 7 T I R ST R A AL (R S it
£ h 566 F1 600 nm), 5 £ UL RS (B, 142 KAk
T v B A7 M R R T 3 0 {66 s B R AR PR A, AT
LUMO B3 F s e, B 530N 6% TADF #MEHS
ZAE DPEPO - AA R BN BIVIN) 3¢ )it 75 i A ZE IR 56 ' 75 Ay
43578 35 (59 ns, 710 ms), 36 (62 ns, 460 ms), 37 (23 ns,
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12 ms), 38 (24 ns, 13 ms)F1 39 (26 ns, 2.9 ms). N T 5T
35~37 =M. TADF 7> T RF 1, F 36 F137 45
J+7E DPEPO H, Rk 454 ITO/a-NPD (35 nm)/ mCP
(5 nm)/35 5 36 (6 wt %):DPEPO (20 nm)/DPEPO (10
nm)/TPBi (30 nm)/LiF (0.8 nm)/Al (80 nm)f¥] OLED #$14-,
53 A3k A3 K EQE A 8.1%F1 14.3%; 37 W45/ 7E mCBP
i B ITO/a-NPD (40 nm)/37 (6 wt %):mCBP (20
nm)/TPBi (40 nm)/LiF (0.8 nm)/Al (80 nm){] OLED %814,
55 K EQE N 10.7%. 3 #i#i Y TADF 4T+, 36 (1) L4 #
R EE, IR E I = EEW T, SIS ERK EQE
e, HAER A (', CIE B ARFR4(0.17, 0.27).

sNsasly
o

ST

Fogol
o\© ) @ro

O 0}
sWspsacNe
he o
38
O O O
: L@
L O
39

B, 121 AU 4k Al DL R R - 2K H R A LT
AR, 9,9- RN BE Sy ML TG i 7 —Fh “X 8L i
Jt TADF 731 40(1EJCA RS e KR S
496 nm A5 W 0G). AR B k- R YRR BOK B0 [ A

5 9,9- = HHIENY g L IC TR AR 1 2 [l AL FLAE ., A8

http://sioc-journal.cn/ 2469
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AT AEsr HUN 0.02 eV, #7540 BRI 7E = IR IR
HAEPRIE TR RISC AR, PASRAR AT A #E AL A IR 2
ot WK, 1% TELET RER T PLQY ¥ 20%/4
A, ABBAAE mCBP 5 T 50 46%, R BA [E 41K
A T2 F N e R, AR ST i K
). H OLED 45#)°4 1TO/a-NPD (35 nm)/mCP (10
nm)/40 (6 wt%):mCBP (20 nm)/PPF (10 nm)/TPBi (30
nm)/ LiF (0.8 nm)/Al (80 nm), KX EQE A 10.0%. {H#%
PEAE S IR BE TAEIRAS R (100 mAsem > PA_B)ERIH
B L BERIR %, R EQE FREE 3%LLR.

40

2016 4, Lee B0 % « #7117 TADF 4> 1~ 35 K
R, E I R AR EERIIORIR, §R T
AL BHA B FP T ' TADF 20 1 41, [FIFESRTG L
/NI AEsr (0.16 V), 45824 ITO (120 nm)/PEDOT:PSS
(60 nm)/TAPC (20 nm)/41:DPEPO (25 nm)/TSPO1 (5
nm)/TPBi (30 nm)/LiF (1.5 nm)/Al (200 nm)f) OLED %%
PR 2R T 1A 23.3% 15 K EQE, =T 351 14.3%.

O ()
R= () NQ

9

41

2016 £, Kim ZC MRS 7 —Fh L2 F R {E
T4k, LA azasiline fTAEMIE N T4 AR 6 TADF
73T 42. LA mCP:TSPO1:45 (16 wt%)15 24 I 75 1)
AEsrH4 0.06 eV, BUBERT 1 PLQY 1A 2] 70%. 4 T-7& H
AR A R TR 2R A 0 e KR S K 30 468
nm /24, {HLL ITO (70 nm)/ReO; (4 wt%):mCP (45 nm)/

2470 http://sioc-journal.cn/
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mCP (15 nm)/mCP:TSPO1:42 (15 nm)/TSPO1 (15 nm)/
Rb,CO; (4 wt%):TSPO1 (50 nm)/Al (100 nm) 45 )]
YE OLED #afFf, T 8L 7S TN S B R S i
KRR 484 nm, TR R, CIE (BAAFRH(0.174,
0.310), % K EQE J 11.4%. #4FHIEBIHEN N 3.6V,
76 BRTRIE ) TADF % OLED #84FH AR

42

2016 4E, Cheng %P2HiJE T HiFh L5 HIARAL, ¥ DA
FR gk LI B0 A LTS24, /3,6 BT SRR Ay
H 451K/ TADF 21 43 fil 44, T T W T4 1K
RS2 R 2 (B A7 SR 2 (A BAEF, AW Fh 4 73R 1518
KK AEsr 15(0.03 A1 0.04 eV). [FI;, 43 F1 44 73 51l 2%
1E CzPS LA J CBP i 135 R 3 H AR =1 1 PLQY (88.0%,
91.4%). 43 7EHF AR RKGTEK 490 nm &5
g6, 144 TR TFARRI EETHT &, S8k
HePi K KA FE(508 nm) K G L. T 43 FFLL
CzPS N EAEH# KLY OLED 454424 ITO/a-NPD (30 nm)/
mCP (20 nm)/CzPS:43 (5 wt%, 30 nm)/DPEPO (5 nm)/
TmPyPb (60 nm)/LiF (1 nm)/Al (100 nm), $K754 5
K EQE (24.0%), F H R H BRI RCRR BN, H
TorF 43 A/ AEsy EANH] T AR RS S 242,
F OLED #8F/E 5 mi 5 B N A SR TR FF A iR 7K

i %
O

N

AR, HHIB\PIE 2016 4EHORT TR R LA B, 4k
BEM T NS 43 HoAFES SAAHT DG TADF 43
T 45. 7EF KRB, 45 10 AEsy 4 0.06 eV. iR
B LR BTG AE 467 nm R ST (0. EAF IR, 457
e AT RN G s B AS I R S K M 460 nm & 55 €40
A5y 510 nm REEEOE. EABIZ, H PLQY A

Chin. J. Org. Chem. 2017, 37, 2457 ~2480
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55%32 % 82%. LA ITO/a-NPD (40 nm)/mCP (10 nm)/
DPEPO:45 (10~30 wt%, 30 nm)/PPT (5 nm)/TmPyPb (60
nm)/LiF (1 nm)/Al (100 nm) N5 OLED 3K15 18.4%
ffi K EQE, Jf H R HLREE 5t & 73 Hod > (N 30%%
10%), #&1FH) EQE JZ#iha .

45

2.3 &M D-A B TADF IEetH

FELA TR B RE ), BOMEK AEsr,
& ke 1) D-A 2 TADF 40+ [0 F 524K, 2012 4,
Adachi 5 R T — R AIH M-8 53 TADF 41
T 43 o R RSP T 5 2 i R TR T 2 TR AR R
(L —TH ARSI AEsr. 1% A JE L 17 52
R H -5 PR ) B AN L 5 BRI AR B, SRS AN ]
T PERENIE (OGBRE (56)¥) TADF 731, H 1
T 46 KA REG(E R R R K ST 473 nm),
AEsr N 0.34 eV. 15T (E A ER) I F 2R il
PLQY N 46.5%. FJFEE5HIN ITO (100 nm)/a-NPD (40
nm)/mCP (10 nm)/PPT:46 (5 wt%, 20 nm)/PPT (40 nm)/
LiF/Al [f] OLED 2§14, M. PPT A E 4444k OLED %%
P3R5 T 8%IiE K EQE, KT1£41%¢% OLED i# K
EQE (5%). HAZ#RAFTE i i % B TARRAS TR I
BRI EQE MR EMEHIFLA. 2013 4 Adachi 1BV
RHEST SRR T 46 IRCRRIFIRIN, ME2E
PHAEAR IR 25 (J=0.01 mAecm %) 35453 & & EQE {4
(13.6% +1%), FJ R & Z H i % TAERSE T A7
RN T H AR ICEF T 2R, SR BEE FR %
(7t r, H EQE {EZMWT T %, 75 i ERE V=10
mAscm %) F, H# K EQE R 3.6%+ 1%, RENF
I S EOSTEK.

NT LML EY) 46 15N EIZ M) OLED #fF
PERE, 2016 4F Sun ZPFI ] mCP A% AL 2  PO-15
NETAEREEF U ER 101 R RAE AR E
AR, FE T 3T 46 45448 ITO/ReO5:mCP/mCP:PO-
15:46 (5 Wt%)/Rb,CO5:PO-15/Al ] OLED #844, #8fF3k
153 7 3 = K EQE 1E(21.8%).
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NC CN

520
o

46

2014 4F Lee &Nt 7 —Hh 5 46 HoNIF 4 A A
[ TADF 401 47. H5 46 MLk, T /& HRAHET
S5 PR (MR IR 3 ) 5 P AN FL T 52 44 (L3R ) 2 1] S 20 A HUAR,
TEZS (6] B 38 B BAASE N B35, BTLL 47 3k18
T HEAKHI AEst1E(0.05 eV). {HH T H-F2A AR 32 k2 5]
TR R PE AL 46 55, PITLA, 47 fE R & LI T R
KIEF(447 nm). ELA BRI SR, 47 78RR
1 PLQY N 35%, TMAEBAAE mPC FEHHETA 87%.
Z5K°8 ITO (150 nm)/PEDOT:PSS (60 nm)/TAPC (20
nm)/mCP (10 nm)/mCP:47 (15 wt%, 25 nm)/TSPO1 (35
nm)/LiF (1 nm)/Al (200 nm)[¥] OLED #f, 3K T
16.4%[1 8 X EQE. A2, MFIH 47 fE A3 et
A AR, BT T ik 24.9% 5 K EQE
B, M2 47 [FINENEE R G AR (i o £ R JF
H#B & i B OLED #fFiF, 3K453 7 & K EQE A
22.9%, CIE fA8FR5(0.39, 0.43)HI0E 1956 OLED; LA
Jet K EQE A 21.0%, CIE AR b5 M(0.31, 0.33) 1%
Jt OLED.

sReWe
O 3

47

2015 4, ZHAPTFEFETE 46 FOSERE L, DIZRIERK
e PH A 0 2R S I gy IR AR A 35 IR M R LT 254K T & B
PR A D-A BUW55% TADF 731 48 A1 49. 5 1w
Pl K L T4 A 2 A B T 5 T 52 AR 2 () A7 1 B 5 (1)
2[R LA IEF, Pk 71 AEsy fEEL 46 AR 5N
0.13 #10.17 eV), FHE MR E MR, ELAEEA
SR RIS, 48 FI1 49 4 HIZRILH 94.6%F1 94.0%
HI9 T2, B24AE mCP Mt Ay 85%. HET X
By 7 & i 45 N 1ITO (50 nm)/PEDOT:PSS (60
nm)/TAPC (20 nm)/mCP (10 nm)/mCP:48 &Y 49 (25 nm, 1
wt%)/TSPO1 (35 nm)/LiF (I nm)/Al (200 nm) f¥] OLED
PAFEK EQE 70BN 12.1%F1 11.8%, HIELIET 46 %
(%) OLED 28/f .
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NC CN

&

48

NC CN

s

49

Bt )i, Lee 258t 47 201 F 5 1 ME LT 25 1A 56
P (B AAS R s AT 38, TR = Fh “ XUKLiG 7 =0
TADF 431 50~52. X FP 5, i oiod i e 2 [4]
Z RT3, BEAT LAOR R 47 JRAG T R e, AT
DL HoR e K, PASRAS LR RIS (56 1) TADF &t
T (RIS R 470, 448 LK. 444 nm), I HAER
JetkRe B AR, FEIRRK AEsr H(0.11, 0.16 LA

2472 http://sioc-journal.cn/
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Je 021 eV)IEINF, SRAGE R REIR 70 F1m(2.35, 2.96
PAJZ 4.21 ms) RIS 9808 177 2(87%, 66% LA K
61%). Hr 3Tt TADF 7 184 ITO/PEDOT:
PSS (60 nm)/TAPC (10 nm)/TCTA (10 nm)/mCP (10 nm)/
DPEPO:51 5 52 (20 wt%, 25 nm)/TSPO1 (5 nm)/TPBi
(35 nm)/LiF/Al) 3R 158 & 88 1 & K EQE (21.8%FH
19.5%), HERIH RO G, CIE AR 5N
(0.17, 0.29)F1(0.16, 0.23).

Lee Z:PERAF LA _E— RHILLZEHE e E N T3
1A, LA B AR TADF 4> Fif3Eat b, iE—
A3 I 51N [F)RE 9 W F 7 1) 3G ik [ DA 338 ok ) () 355 A
P, K18 T — R VIREF T e iR s ) W 6 R ekl 53
F 54, H T e [ 5 R I A K 1) 2 [T BEASE
53 I 54 ¥PRIFIR/NE AEsr E (34 0.06 V). B ETG
SRR 1) I 2RI R A 3 0 443 AT 453
nm. BTN TR0 FOETEUR A M
XTSI FL T RE D1 CN KE 4], 53 1 54 [ R STk K3 T
EHHAS ON L A1 4611 2 Bl (K 0. SEIR 85 5 dn 4y
N 28 A1 17 ms, PLQY 437N 76%1 81%. Wifsr+
BRAE SiCz H, FHNE R BB 1) 77 30K R 45 A
ITO/PEDOT:PSS (60 nm)/PVC (15 nm)/SiCz:53 5 54 (15
wt%, 20 nm)/EMPA1 (5 nm)/TPBi (30 nm)/LiF (1 nm)/ Al
(200 nm)[¥] OLED #81435k43 17.8%7F1 20.0% 1 K EQE,
HERe N G, CIE AR N(0.16, 0.19)F
0.16, 0.25). A4b, HEZEMZEYER 7 NEERCER
OLED #3435 43 /¢ K EQE 1K 12.9%1 17.3%. Kt
T 5N GRUE T 5 1) TADF #48HH CAE SR BB, 7T LA

$2 1 OLED #3411 EQE.
O Q
i F N
s )

T 0l d

53

2016 4F, B2 BACOHRIE T —Fh LAy i 4
I, FEEFIYH T2 AR Bk 15D TADF 7)1 55.
HTEMADEIRERETL L, 2,20 E L2
PRFRBOR IR R 3 (4] 2 8] 775 25 (8] BEAS A1 1, Sopi 2
IR o BN 22— RG] M5 55
HAF> Atk 56 1) 2,20 8 FNEIE, 70 TR K o
SR I 32 B PR BIARXT BN, P AEsr HINEBN

Chin. J. Org. Chem. 2017, 37, 2457 ~2480
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1 0.27 eV, {H 55 R H B KR T, 7 0.230 (56
40.193). K, 55 I PLQY A 76%, KT 56 (46%).
HIEMZE, ROLLIERR 55 KGR 56 (1566
AR, RIE T R 48 nm(M 54 8 71 nm), %
WAL T O HRGE DG 7+ 1 g v, 7R IE ik
OLED #3534, 55 F1 56 #5241 DPEPO il ik
OLED #3131 & H i K EQE 7314 14%F1 4.8%,
H B FRI#EZO A, SRR SR Ai R iE 4
), CIE A 45 4(0.14, 0.12).

56

2016 4E, Park Z5 R IE T N2 B LAAE K 5 1E A
BTS2 4, 1-FR R AT 9,9- — FR LY mgE 45 5L A g ey
TFERIIBIL 5 TADF 431 57, 58. &) AEgr {8

NC CN

O

N
NC CN

g

57

U0
L
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43511 0.36 10.20 eV, $B4+1E PPF (57)8L mCBP (58)H (]
T PLQY i& 63%F1 86%. #:T —##) OLED it %
PEEERI A 1TO (110 nm)/a-NPD (40 nm)/mCP (10 nm)/ 57
5 58 (20 nm)/PPF (10 nm)/TPBi (30 nm)/LiF (0.8
nm)/Al(100 nm), #5¢FH K EQE 437N 8.7%F1 18.9%.
675 —4R 12, 58 {EFEPE (10000 cdem ) T AR (R FF
12.4%01 8% K EQE, I H SR R R 1%,

Zhang ZER5E P Fh UL IS A L B2 4K, W RERR {E
HNHFEARI W Y TADF [F)5 #RKF 59 F1 60. H
T HEAEME D TEEE, W B Ay B 4
Z A ) A o ik B~ EE B 75.29°81 78.79°, f#
PR T HBIRIFA 29/ N AEsy [E(43 5128 0.02 AT 0.01
eV). $B7E mCP M A IE T A BRI R B — L H
A PLQY, 20514 46.6%F1 54.9%. {HHT 59 F
60 S5 T BB R PREE BN, 7T AR
BRI R, 15 E B A EUR, SRR
TAEAE A L KBRS AN 60 LA 5wy IR B 5 25
RIS TG 5 Wy e 2 (8] 1) o SRR e % 52 B, 1T 59 1)
PR o BRBER: IR H AR, X PR 1572
[EEF, P 1 F I RE A BT AN . VA 55 AR 1 1)
ORI ) 25, P A IR A AR (N : 59
YR I AN 0 55351 53 73 O 455~615 nm Al 60~140
nm, 1M 60 [ 63K NI 5 53 718 455~550 nm
60~107 nm. @I T AR ABRGEER, o]
PABRAR 70 F B IEFE AL AR BN, RIS AT DASR iR 4 7 K
e 4l B B AR 204 58). 36T 41 OLED #3fF45H
74 ITO/TAPC (40 nm)/TCTA (5 nm)/mCP:6.5 wt% 59 5%,
60 (20 nm)/TmPyPb (35 nm)/LiF (1 nm)/Al, ¥J3R1G5 5
K% K EQE, 437 (19.9%A1 17.4%). 3T 60 K
OLED #4343 5 m i ta 4l B2, CIE (AL #R(0.18, 0.32).

aro 8
S0ge
soclRees

60

B 7 LLEIEIRAE N E T2 A, AR F TR IR IE
T —RHLFE R & BT AR N BT 2R
% TADF 4» T )2 OLED %3f4. 2015 4F, Liu Z:1 i 7
—Ff AN mE-3,5- 5 N LTS A, MM TSR I
J TADF 43T 61. il T54b it FE 5 ] 5 5
KT e XA B, (1% 5 1 B Bk i 2 18] LA AR
FICARAF BN AEs1E(0.04 eV), XAFETE R IFHIZ§ I
TR, LIRSS PLQY (49.7%). FE AW+

http://sioc-journal.cn/ 2473



BIKE

61 [IRIEIEN 474 nm, FRAFHRIEF 5 Y6 RN ZEIR 9

FHa N 9.7 ns LUK 46.6 ms. ZEIAHFF T T 61
B A AN E EARAOE ) OLED 884, 15 3K75 % K EQE
N 21.2%[1) OLED 234, HA KHRMERN 47.7 cd-A”™,
BN H RN 42.8 Im*W ', CIE (4445 79(0.20, 0.35),
R ELARIE 1) P R AR A R R A 2 —

61

2016 4, Wu S8 7 — R LS, Ik
e i A IE KA N LT 524k, 9,9- — FENY me fE AT
AR G AT YR T TADF 43 F 62~68. il i U AN H (1)
HL SRR A DL T8 2R R B OC &, mTsE i
WA TR, B T AR ORI OOLRRE
W B A R e AN L A D H 32K TADF
T IRE T L 90%~100%KHE PLQY. BT
HOMO #1 LUMO ReZ A 8, JUFh 7353k 1
BRHI AEsr 18, o 62, 67 LUK 68 =Fh4rF Rt &K
1E 488, 462 DL M 431 nm RETHE (0. =1 AEsr (A1
PLQY 73714 0.19, 0.439, 0.403 eV H1 91.6%, 36%, 15%.
— %41 TADF %3 LL ITO/PEDOT:PSS (50~70 nm)/TAPC

) O “

2 o
S

64
oo

N \ N/>—CN
W

66 67

68
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(5~15 nm)/mCP (10 nm)/mCPCN:8 wt% 62~68 (20 nm)/
3TPYMB (30~55 nm)/LiF (0.5 nm)/Al (100 nm)Z5 444 %
f) OLED #3343k 1 & #A8/ EQE, =Mt OLED
FAFHI K EQE 43518 23.9%, 5.7%L M 1.6%. Ite4h, 3
T 64~66 1¥] OLED #34#:X EQE =ik 29.2%~31.3%,
NP B EARIE Y OLED #%1this mid.

2017 4F, Lee S0 R IE LA TR I3 5 A L7 52 A4 1
W55t TADF #1k} 69 F170, 7375 LA 9,9- — FF BLHY ig £l 3,6-
TORUT MM AR B RIS T BRI AEs:
(0.03 F10.02 eV), £G4 F ARG A PLQY 24 31.34%
A 31.32%. FETE I8R5 -453 79 1TO (50 nm)/
HAT-CN (7 nm)/NPB (125 nm)/TAPC (20 nm)/mCP (10
nm)/69 (25 nm)/TSPO1 (5 nm)/TPBi (20 nm)/LiF (2.5
nm)/Al (100 nm)F1 ITO (50 nm)/HATCN (7 nm)/NPB (40
nm)/TCTA (10 nm)/70 (20 nm)/Bphen (35 nm)/LiF (2.5
nm)/Al (100 nm), 733k 1.50%F1 4.01% 1) #8514 &K
EQE, K SHaitaifis i KI5, CIE B RSy
W179(0.16, 0.28)F1(0.15, 0.14), BE{FALE 1 cd/m® FHIE 5
HLEAN R 3.2 f1 3.5 V.

N

‘(/‘
|
OUoAGWe

69

£ ()

2.4 Z=FEMA D-A B TADF BE5e4%)

R T B FAAE = p s, WL & =75 24T
AW, 2 —RhE TR D-A B TADF # R 732
1. 2015 4, Kaji ZHRIE T — R4k EQE ##id 20%
) =75 LM T 4E %) TADF #5% OLED #3414, 1Z BB\ L=
P = FRSRA N B 52 AR, 43 A DA IR IR R AT
EYE N ARG N T =FiiE)E TADF 20+ 71~73.
TR T e R AR R RE SR ALY T, R SRR ORI
SR T 5032 F A UK IR, A7 A B A2
PERE. =7 B A R EKI AEs: {8(0.071, 0.058 LA
0.062 eV)LASE Il M REIR % . TETCA AR b

Chin. J. Org. Chem. 2017, 37, 2457 ~2480
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MARIE PLQY 205K 44%, 84%A1 91%, KOG
9509, 495 DL J 477 nm, KSFeRESERIE AL BT 72
PLJ% 73 PPt TADF #1EHY OLED #34F454449: ITO
(50 nm)/TAPC (80 nm)/PEPO:72 B 73 (16 wt%, 40 nm)/
BAlq (30 nm)/Liq (1 nm)/Al (80 nm), 7} #1315 T 21.6%
F114.0%H) %5450k EQE, W OLED #8£E3 & 5 K 5
o', CIE Ak FR 7 51125(0.18, 0.43)F1(0.22, 0.55).
1T 10H-Phenoxaborin FEEA KB ITHWK H T8

N REFR I T 1) BR DA BRI w S, 7Ry RAF
D-A Z4ff] TADF # kLR T 324, TR 72 K.
2015, Adachi Z5°7'EL 10H-Phenoxaborin 1F A HL 13244,
DA Y W B PR AE I E N TR R A R T — R
X6 TADFE 431 74~77. 05t 51 N2 [EAR R K
2,4,6- = R E, DRI FOIE T, # e sZ 2K
BHR DA B R RSSO RER, A S i T AR 4 2k 4]
RIS BT 2R e . JF @ik 5] NAF P HE
T4k, i TADF 20 TRIVHASE IVER. B anny ngfr
A5 R EE R R ESER, T 2AksS
10H-Phenoxaborin f=A42 5 KA T /; 110 1,3,6,8-P0 FF 3
ML Y FREETE 3,6 5L A (R I 1) AL 22 R
PEEE . 4 Fh 2y FAEAS 0.06~0.12 eV B AEgr 1B [H)
B, RILH 56%~100%1 5 PLQY, &3 K A
475 nm(ERFEA6)F] 443 nmIRTE (). FTF45H8 1TO
(100 nm)/HATCN (10 nm)/a-NPD (40 nm)/CCP (10 nm)/

Chin. J. Org. Chem. 2017, 37, 2457 ~2480
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PPF:74~77 (50 wt%, 20 nm)/PPF (10 nm)/TPBi (30 nm)/

LiF (0.8 nm)/Al (100 nm)[J#5 > OLED #8447 %l 3k #5368

it 15%M88 -5k EQE, CIE R kkrt) /N T 0.16.

HA T 74 1) OLED 3K 1538 =i 1 K EQE (21.7%)-

CIE 9(0.14, 0.23) iR IE taoh. BEERZ, FrikiEm 4 #h

'w;ﬂz TADF 73 F1EB 22 A 1) PLQY N2 544K 7
IXAEREE OLED 284477 T B A R 3.

2016 4, ZHIPAM4k 54758 T —Fh phenazaborin
LTS AA, MR WO B T4 {4 5D TADF 731 78. H
TN TRESBE AR AN 89.1°,
bl o R = N i N B S TG 15 7B
RARFE BAr s, 1878 3743 0.24 eV 1/ AEsr H. HABR
7t PPF Hifil| s AR B SR T PLQY 1A 3] 99%2
fH, ROGEARAE 467 nm RTEEOG. 4509 1TO (100
nm)/HAT-CN (10 nm)/a-NPD (40 nm)/mCP (10 nm)/78
(20 wt%):PPF (20 nm)/PPF (10 nm)/TPBi (30 nm)/Liq

78
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(0.8 nm)/Al (80 nm)ff] OLED #fF315 18.2% MKk
EQE, M ZE N 32.6 cdA™!, KINHHEN 25.6 Ime
WL CIE AR ](0.15, 0.23).

2015 4E, Oi 2 “V[F] £ LA 10H-Phenoxaborin Jy HL 732
A, 43 AR 9,9~ HERRIY g DA K Wy WE e Sy HL -4
AR 79~81. Hrh 79 T LAMEMAE Ry B P45 1A
FAR T M4 5 10H-Phenoxaborin 2 [F) /) —TH /1, S84
TP HOMO Il LUMO BEZARER 3000 &8, R T B M
(] AEgr 15(0.35 eV), K&K I TADF BLE, 10K 5
B 5656, 21 80 A1 81 M T HAKIKH AEs 18
(0.013 11 0.028 eV), KIHEEAMIEARIRELRD N, H
HAREH PLQY (98%F1 99%). 3T % TADF 431
80 1] #¢f ITO/PEDOT:PSS (40 nm)/a-NPD (35 nm)/
mCP (10 nm)/80 (6 wt%):DPEPO (20 nm)/DPEPO (10
nm)/TPBi (40 nm)/AI(100 nm)3K75 T 15.1%K) 285k
EQE.

0D 0

P99

@J@ @3@ @D

[FI4E, %231 AR B R ) it SR, Eﬁj\¥79~
81 MR e MREEA -, )5k 10H-Phenoxaborin
BTS2 RSO = 2R B A B T — R 5 TADF ﬁj‘%
82~84. FFEHIT 3 Fior TR T4 1A 5 HHIE

ses

5 »é%z
82 @%@
g
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B P 00 AR 53 NN 52,20 DA T T3 L) 88.4°
1 87.3°, FE 3T 82 IK1G T KM AEs {E(0.456 eV),
T 83 A1 84 N %L /M) 0.041 10.033 eV. FFLL 3 Fi4r+
FIwe e it b, 83 Fl 84 BEZRIN H W5 (R4 (4 R IN 9% ',
MR H IR, M1 82 M H I H R i B
9. EFR KRB, 47 83 1 84 ) PLQY Mk
89%7F1 87%. FET 1%t TADF 4> OLED SefF45HK
ITO/a-NPD (35 nm)/mCP (10 nm)/83 (6%wt):mCP (94%)
(20 nm)/PPT (10 nm)/TPB (40 nm)/LiF (0.5 nm)/Al (100
nm), 3K 16.0%f1 8% 1F & K EQE.

N T 35T &R 1 TADF AL, 1ZHIBA\ZE 2016
FEYRSELL 10,10-dimethyl-5,10-dihydrophenazasiline 1f 4
L T4518, 433 LA 10H-Phenoxaborin Fll = 2K FEH1E A H,
TSR A B FR % TADF 431 85 A1 86. 285 DFT #
WIHE, P 70T A R E S5 AHE R 2 (A —
T IR F) 73T B 89.5°41 89.0°, f# FiFhSyT3K1S
BRI AEsT 15(0.040 A1 0.057 eV). 78 KAWL 85 A1l
86 KUK A 446 F1 462 nm, HIRELERTE (08, H.
3T 81%H) PLQY. H: CIE Akf543724(0.14, 0.09)
F1(0.14, 0.15). 7MY TADF HaEfE 85 il 86 7

OLED J5 [ A7 #E A% et (4 52 F A7 (L.
\/
L0
N

U0

; ﬁ%\
L0
85 86
Fx D-A #45Z 4b, Zhang ZPOHRE T — M@ £ E
TR A 25> B HOMO, LUMO REZRIF) ¥ SRmE, 3k
ﬁﬁfﬁﬁéaﬁ R TADF MR}, Gl 78 = 2R LAl 5
TCH S NER T, KNI 2 PR 55 A HE AL, T A AR
W 7 5 B 7 T8 b S I L PR 082, A 4 1 4R 38
5, MIMIAE] HOMO Al LUMO BEZR A RS, T
FREBETHAONIME © dREAESE, Ao TR B K R T
SRJE, ffiH OLED 23 /E 8 ttHEfEE [ 55 (28 nm), M
BREy R AR
2.5 2 D-A & TADF BE5¢#4 %)

5O HERAL, ZIRE N T S AR, AR
FHOEIE—E A, JEHEA RGBT R
71, UTAERME 12 FAAE LT 52 Ak K D-A B4 TADF 43 1.
2012 4E, Adachi 57219 Yk L — 0N HL T2 4K, 4351 DA
TR BUT IR R A BORUT B A R 3 RS
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TADF /31 87~89. ifiid DFT #igit5, 407 87 ¥ 1
BRI AEsHE(0.54 V). 8 7E R pdE A E 51K
THE, DIESR T OR RTINS T RE ), IR BT R
THHETEBREMNICER, 57 88 SRI1F KN AEs
H(0.45 eV). [FIFE, DAHRMEER G 4 — 2R i B oo E v
TR, BT 'CT VLK dnn %008, 1551 89 3%
37 0.32 eV ] AEsr . 3 Fi4> T35 447 DPEPO i i+
BRI AR ok, KRG HIA 421, 430 LK
423 nm, I HIKE 60%, 66%LL K 80%[] PLQY. 3T 3
Pt TADF 4y ¥ RIUFM 5861k 6e, ZFIALL 1TO/
o-NPD (30 nm)/TCTA (20 nm)/CzSi (10 nm)/DPEPO:
87~89 (10 wt%, 20 nm)/DPEPO (10 nm)/TPBi (30 nm)/
LiF (1 nm)/Al N&5#IKiE OLED #34F. 3 Fhasf ik
EQE 73519 2.9%, 5.6%#1 9.9%. 4> 89 &SItttk
), CIE 4445 5(0.15, 0.07), dEF 50 NTSC ArvEls
. (BT8R E R EOR, AT RE A1,
S 3 PRI BN B B R IR P

eVeasle
SINNe

2eBsasVen

N T R E S, Z BN HES T 89 ik
fih b, DAE B B H AR B U T A, DASR e B
ML TRES), ARCT —FoBi It TADF 737 90. 5
SrF 89 Mk, T HTAAEMLHBRTRIERE, 5T
90 KILH LM AEs {H(0.24 eV). &0 THBARAE
DPEPO {# fi5 rh 3545 541 89 #H A1) PLQY (80%) 1) [H]
BF, SR AR A = BT BT 8] (89 29 270 ms, 90

Chin. J. Org. Chem. 2017, 37, 2457 ~2480

© 2017 Chinese Chemical Society & SIOC, CAS

N 93 ms). 89 LA &4 HUN 10%45 42 1E DPEPO i,
] 45 #) 4 TTO/a-NPD (30 nm)/TCTA (20 nm)/CzSi (10
nm)/90 (20 nm)/DPEPO (10 nm)/TPBI (30 nm)/ LiF (0.5
nm)/Al ] OLED #5343 T 14.5%[1 5 K EQE, F-EKI
WA %, CIE (AR N(0.16, 0.16). AT R
&, BT 90 B RAGH = S AW R ), il =&
A5 A K DAy = A - = H A KRR KK BRI,
PRUFSE F1Z 5> 710 OLED #8470 H XS mn F i 2 FE 1
TERE T AR FFE R /M T R0%, R BN

e Lo
5o

0 0
/ 20 \

2017 4E, LiZUE 77 89 (3L idi b, @i 5 NE X
BT FEEMERE A, $R18 T 2 Rl EAT AR AEs {H(0.25
F10.17 eV)HIFT L WO TADF 231 91 £192. P76
T RR, &5 DA R DU SRR R A B R AF
TR, 5 AR N TR RS0 05 T B oA B B A
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#. LA RIFE, 2 Mo Faildie T 64%H
52%M) PLQY, e KEGK S BITE 426 A1 439 nm, K
SHiE e, BT 91 1 92, FIHIREIN TR /E I E
B2 R IGE 2-F 45898 ITO/PEDOT:PSS (30 nm)/91 X,
92 (45 nm)/ TPBI (30 nm)/LiF (1 nm)/Al (100 nm), ¥J&E
KGR AW s, CIE (A bR 4 38 (0.15, 0.12)F1
(0.19, 0.15), SfFEBNBEEL NS V £E45(4.8 F15.2 V).
5T 91 1) OLED #343k1% 7B mi M IR AR, N 4.1
cd/A. T 92 [f) OLED 2343k B i BAR I RO IR B
RS ZIRME N B 732 R R R4 1% 7 R
71, Ft HREME 5 2R IREFE I = A K LG T A, LA
RAFEAR AEsr (5. (HARX T H AR D-A % TADF
9T, ITERARIE ) —2KK TADF 4 ¥ AEsr EX T 528
T AT AL SE IR D SE I AR AR, BT AT 703 % 17 A
14- (2R N HL T 32 AR A R AR 86 TADF 44
kL B0 2015 48, Kido fI AT HRIE T FiFh 3,6- T
BRI L 254K, 4l P 1, 4-( s R 2R 0 28 DA K
1,3-( R e 2L 2K 38 K N B 72 AR 1 #E ' TADF 201 93
94, 5I NP/ FE Ryl - 5244, A 2 Fp oy 73230
HEARH) AEsr 8, 43508 0.19 F1 0.26 eV. BB
DPEPO {# i B 56.3%1 69.3%f PLQY. % T L
& 2 Fh TADF 4 T-#il{E 45125 ITO/NPB (30 nm)/TCTA
(20 nm)/CzSi (10 nm)/10 wt% 93 B¢ 94:DTC-mBPSB:
DPEPO (20 nm)/DPEPO (10 nm)/TPBI (30 nm)/LiF(1
nm)/Al [¥] OLED #8F, 7 53R 11.7%H01 5.5% K44 i
K EQE. HH, 93 REFRE M, CIE AR A(0.18,
0.19); 1f0 94 NI & 5 KK 0%, CIE (A4 4(0.15, 0.08).

0O o
Ox S// \\S//o

o

B 7 _Bak “IFIRC” IR BT 2 KD TADF 2y
THb, — R PNE I ) 28 A5 P 9 7 B2 AR Dt
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TADF 7 7 IAEoR 0 Wi 08, A b RIS ARIE “ 2R
& " 1EANR HL T 32 Ak FE 4], phenoxathiin dioxide 258 ANIE
FRINHL TR, H T AR IR b g R 52 3 5 AT R
7, BRI T A A R e A AL S AR E M. B,
2016 4, Yasuda 2574 T —Fi A phenoxathiin dioxide
N S2AR . 9,9- — FEEIY e A D FEL T 45 4R (1 5% TADF
43 95. T phenoxathiin dioxide f158WY HL T /1 LA K
Iy ¥ W T4 2R Z AR 2 A A VR H, 95 3Rk1% T
0.06 eV i) AEst {8, 7> TAA{E =2 RISC. i A7)
TUARE 4L 6%355E DPEPO F AR RS 1
i% 98%M PLQY. ITO (110 nm)/TAPC (35 nm)/ mCBP (5
nm)/DPEPO:95 (6 wt%, 20 nm)/DPEPO (10 nm)/B3PyPB
(40 nm)/LiF (0.8 nm)/Al (80 nm)%5 ) OLED #§14f3k75
T 174 20.5%1 5K EQE,  HR SR AL (40, CIE t
ALF5N(0.16, 0.26).

KIOJ@
g
.
3 RE5RE

8 BT, HIEEIR IR T BA RN )
HE-ZEHERHBENES<0.5 V), RIEMAK=ZESH
T DI S R AL A 35 A i) 2R T R R 0K A AR OR B
BEAZH R, LBESIAT] 100% M & T 30K,
RS AGEALIEIR %) OLED f# ik 1 LIMEAL G580
KBt OLED RAE i A DR M BEAS R e [ 3 A,
W26 N4k e A Y OLED Ja i« 55 =48 OLED #3447,
HoP B T4 D-A BHGEAER PO TR AT
PEm, GO ERE, SRR, ORI & e tERE
PIEAIEIR DM B> T A BOSAE. 1 E R GE 1k
FEIR e AR 4%, X T 4T BB A 1 B A 3
(RO Bl DL R A e 1 1) ), S R ] 265 o DA
KR RRER I — 0 R R I s, H AT CARIE )
POEIEIR 56 155G OLED 28447, B4 S8l T fc KAk
B EIA 30% AR, MR maaiE., KEHGa
PABARJE B H . ARACRIR BRI s, S UbIRI, 2
f) TADF #PRIE R e AR Bk 7). EARSE KN4 34
AT B

JUE I, BRI D-A B HGE AL IE IR 5 6 AR
TE HL 45 52 AR M IR [ 1 38 958 DA B = 38 2 [ ) e
TR EANF— B RZG ML, PRGN GEIL T )
1) AEsr [EANVEE w56 7= M e an, iasfF
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Je& It B v ) e KM R R A Y A . H RTR A a0
HRME, 9,9- — FAEERY g R I LT 454K 1 D-A B
POFWIEIR RO R E R AR, (HEH TR T4
AR A R B, ART REUSA =, BrIJFREZ A
A PR E I B 45 A Bl SZ AT S B A R )
AL 7T, AR R IR SRR R A
RIS K 2 T BB AR ARG & 1) F AR, DL R 5
AR BV RO A R, TF R S RN AR 2 aE
REIR Z AR E A S B L K EA ALE RUR
POHLZEIR M B e H OLED)BE 2 42 = a1 HCR 1)
BROERE, TR R T ZRBEIRR AR W4T 2 %, [,
FE K v 0 ) AT s 1 B Ak 2 IR S S R LR I A R
AL GRS REE T2 LRI B, 752 B AKHIE
OLED ##F L2 A (1 b AT 55, BE T WG RL 58 1)
HOMO 1 LUMO 5 5 (>3.0 eV) AN FF 45 XA HL FiEN
BHUZMEA BN, TFR S U B sk i S
WS 5 40, S 4t S s R i 25 R e i T —
R R IR .
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