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Abstract Multiple resonance (MR) emitters can be considered as intramolecular push-pull electronic systems formed by
embedding electron-deficient atoms and electron-rich atoms in polycyclic aromatic skeleton. Since the structural relaxation of
excited state is suppressed by the rigid molecular skeleton, multiple resonance emitters exhibit the prominent feature of nar-
rowband emission, which enables them to attract wide attention of researchers since its report. Up to now blue, green and red
multiple resonance emitters with both high device efficiency and high color purity were developed, making them become an
important research direction for organic/polymeric fluorescent materials. In this review, recent advances in narrowband mul-
tiple resonance emitters are summarized from the perspective of materials and devices, with focus on B/N-, B/O(S)-, C=
O/N-containing and indolocarbazole-based multiple resonance emitters. The effects of elements composition, molecular
framework and substituents on their luminescent characteristics and device performances are summarized. Meanwhile, op-
portunities and challenges for future development of multiple resonance emitters are analyzed and prospected.

Keywords multiple resonance; narrowband emission; thermally activated delayed fluorescence; organic light-emitting di-
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Re A B2 A8 BT AR RO RO, RN E T AR
(internal quantum efficiency, IQE){X N 25%, FE#1FK
FERREARD). BEEM R 5 NBK. 5T & m Y R
H e L iE # A (spin-orbital coupling, SOC){iE 1 B2k 253
FH5 =AW F 2 8] i) & 8] 8 B (intersystem  crossing,
ISC), f#i43 25%H] AT M 75%H) =& BT 15
e R, MIIEEEL 100%0F IQEST. SRifi, 4. 1%
B4 IR PR H Ay, BRI T B R R RS
REF. #AGEALREIR 9% i (thermally activated delayed fluo-
rescence, TADF)M Bl BB B /N -=L SR g =
(single-triplet energy splitting, AEsr<<0.3 eV), 7L LR {E
Mor &R AIE LT, ] a i P 1 ) 2 ) B b S B
SR B BRSBTS 100% 1
TR ZES Gl R, N T SEIN AEst DA
TADF R, —BR P #7485 4K (donor, D)FI L F 244
(acceptor, A) ¥ G ACHI BT D-A Z544. SR10, D-A 454
F A B 1) 57 F W OH 7 7 #% (intramolecular  charge
transfer, ICT)RFME, H L8 K &5 (singlet excited state,
So) RSN it R 5, 3 BRI HE 12 04 BE (full width
at half maximum, FWHM)$ K (>70 nm)!'¢l. 2012 4F,
Fx {5 BX % (International Telecommunication Union,
ITU)E X T — AR i i o hn i BT.2020, Xt
EOATEEW . 4 L6 R AR FR (Commission In-
ternational de I’Eclairage, CIE)#%H T #n ik, 20 %N
(0.131, 0.046). (0.170, 0.797). (0.708, 0.292). 4Aifi, 1%
2t D-A 2574 TADF M R4E & X DL 2 8 i S ont s
afi FE AT I K.

% & LR (multiple resonance, MR)%¢ AT RHE H1 757
AR B 28 DA AR T BE R i H R AR T
TR 7 F N HERL B AR R, AMUBRFR/NY AEst
LAY TADF 208, i B ORS00 45 K 5t T84 W4
I3 B BRI T B 2 W RO R M ARHIE, H#RkiE
DAK 51 R B N Ah 5 T2 00, A4k R th e
m AR SO EMEMA R, BN KR IEAHL
1553 9 AR ) A F T [ 1722,

AKX MRS A FE, SRR T Ik A i 2 &
HHRA N =7 TR Wt F e, B S/ 2Lk
GEK /AR R FL AR S5 A PR/ AL IR 45 R ARG kI
MeSEAR S5 1 55 E EEMRMA R, REEAITFIR T T R AR
53 18 G AR ZAS 1 55 8 30008 e RO R M A i A 1
REFISZ MR, [EI A AR T 2 EILRA L& 1
PETIBIA R T Is FRI AT LB AN Pk K.

2 ZEHFREN I RBNZ RN

Z B IR N 2O RHE DU IR 05 1B 48y
fith, I 51 N B A AR S LR R 1 i H - A (B R
FHME AL (A AR 55, 5RE SRS
FH#1E (highest occupied molecular orbital, HOMO)F1#x
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K & o5 4 T L& (lowest unoccupied molecular orbital,
LUMO)TE 7> T & R h &2 & o A AE A R J] 5 b, e
HOMO FZ53 A (£ 5 M SR 1 S AR A A IR 1
LUMO Ak v SR 1 R ILAR S At 1 b,
X R TB] 58 s HE AT 7 AT RLIRCIN BT 24y 1 BLE 1)
HEMIFRAK AEsr, MIMZRAF TADF 5. [Ff,
THT MR T LB M, Bk So 5 S
A AR AR FEAr e A% O T SRR, XA AR
TR e S MR RO R, 4ERFm PR 1
(photoluminescence quantum yield, PLQY), A& T
%45 D-A %! TADF #4 kL HOMO 5 LUMO 43 851 5 31
PLQY FEACHIFJE. HEMZ, 514t D-A & TADF #
BHRLE, 2 SR TR I PEAR A 55 & a5k BR | T
BRSNS I, Fnld T aiEns a8 b
A HEAT A A AE A R - 2 8] 2 AT AR O3 1 U R RRALE,
M T 0T R IRS), SEEES SRS
[ AR A AR/, T RRIE L 0-0 BT AT, 1M
SR 0 5 FEE 1Y) 0-1 0-2 SR I e 4], a2k 7T 2 30 H
R R E(E 1),

R R B 2 3005 8 B BRI 2% 1 R RUAN ], H T
Z HILIRA LV AR 3 ZEAFR DR (1) LA
R BONG TR T I/ A 2 IR DO KL
(2) CABI 9 W v SR 1, AR ER AR A 45 HL T R 1 I B/ AR
() 2 FEILIRDVOCHRL, (3) ABRIE AW B T2 [, &N
g5 LT R T R PR R 2 B LR DO R (4) DANSIE I
Ry B SR TG 32 AR Y 2 LR DGR (B 2).

3 MR ZEHIRBNI M

W/ 2 B IR ML AR I R - LR A =
1) 2p, BB R H B AR5 SR 7 RS — X%
PO B 71 R D0 & AR, ke B R 1 A U T
DL 1LA-XHAL 7 A BHR AN B 2 IR 07 B 28, Refs A AL
M= A 2 B ALAR AN I /R 2 B AR AR R
CAZBLAMFEEAT A AB M, Re08 X R R AT 2%
. Bln, @ NBUREE TR RN
PGB E AL E . DL BN Z AR TR, K&
BT HA S SO RS I/ A 2 EILIRA P
JeREHIE 3).
31 EXERZEHIRBI AR

2016 4F, Hatakeyama ZFP27DE;— NGB -7 A1
JRFRL LA 7 A B 2 3 05 i e, fRiE T
A %2 IR VOEA B DABNA-1 (83). Bl JE-F %
JEFHH S B L3R BN A HOMO Al LUMO 78 F 3 &
20 AR B A, R AR FROERHE. HAE &
BEI b (0 RO IEAL T 462 nm, FWHMp {4 33 nm,
PLQY 5 89%. [Flif, DABNA-1 ELA# /MK AEst (0.14
eV), KILH TADF .. T DABNA-1 424 OLED
B R R (e =459 nm), FWHMEgL A 28 nm,
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i KAh & F X% (the maximum external quantum effi-
ciency, EQEmax) N 13.5%. T SE28R H ek (Cz) H oAt
B o REHon, RiE T K ¥t MR-TADF #f K}
DtBuCzB. MM T 5] AU 38 T 43 FRIHE, B
JE T HILHIREE, AR REABHRELX, Hk
JEUERL T 481 nm, FWHMgL 4 22 nm, OLED ##4H)
EQEmax A 21.6%. BUGRZEPER R X A0 5] N A4
T-HESIERL LT (TC2z-BN), 1843 PL Jeilkiife & 477

(a) D-A TADF Emitters

Donor
D)

D —C A )
Ac(;i];ror ) HOMO/LUMO separation

(b) MR-TADF Emitters
2 O
; 35

¥
@@@

® LUMO

Opposite resonance effect

Bl1 2 EIRG IO R R SOURE

by twisted D-A structure

HOMO/LUMO separation
by multilple resonance

nm, [F]RH FWHMp 4E577E 22 nm. F&T TCz-BN 4 3%
[ 6 OLED [ A BUR &N T 474 nm, FWHME A 34
nm, EQEmax A 18.9%. 2021 4F, Yasuda #=IZHPOHRIE T
A MR T I 2 R EA R y-Cb-B, HAE
FZRIER (10 mol/L)I R NUEN. T 460 nm, 55FH
M BT R LEAL &) DIBuCZB2SIAH L, &G %
21 nm. £ y-Cb-B #1241 OLED MK Hgh T
461 nm, FWHMEg A 28 nm, EQEm.x A 19.0%.

Wavelength / nm

Figure 1 Schematic diagram for multiple resonance emitters and their narrowband emissions

(a)
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Figure 2 Skeletons for multiple resonance emitters
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DABNA-1 DtBuCzB

Ag =459 nm, FWHM=28 nm (0.16 eV) Ap= 488 nm, FWHM=29 nm (0.15 eV) Ay =474 nm, FWHM=34 nm (0.19 eV) Ag=462 nm, FWHM=28 nm (0.16 eV)
CIE (0.13, 0.20), EQE,,,,=18.9%

CIE (0.13, 0.09), EQE,,,13.5%

o, @*
T

tDPAC-BN

CIE (0.10, 0.42), EQE,,,,=21.6%

DABNA-NP-TB

TCz-BN y-Ch-B

o e 8 8
Ay @@@@

v-DABNA

DABNA-NP-M

Ag=- nm, FWHM=- nm

CIE (0.13, 0.13), EQE,,,,=19.0% CIE (-, -), EQEpu=-

0% :z©j<
7 B

B-O-dpAc BSBS-N1

Ag =457 nm, FWHM=33 nm (0.20 eV) A =460 nm, FWHM=28 nm (0.16 eV) A= 469 nm, FWHM=18 nm (0.16 eV) Ay =473 nm, FWHM=42 nm (0.23 eV) Ay =478 nm, FWHM=25 nm (0.14 &V)

CIE (0.14, 0.10), EQE,,,,=19.5% CIE (0.14, 0.10), EQE,,,=21.6%

CIE (0.12, 0.11), EQE,,,,=34.4%

CIE (0.12, 0.20), EQE,,,,=17.0% CIE (-, -), EQE ., =21.0%

PP ¥R R o P

PTZBN2 PTZEN3

Cz-BSN CzBSe

Cz-BSeN

Ag =483 nm, FWHM=43 nm (0.23 eV) Ay =476 nm, FWHM=36 nm (0.20 eV)  Ag =482 nm, FWHM=32 nm (0.17 eV} Ag=481 nm, FWHM=33 nm (0.18 eV)  A5=481 nm, FWHM=32 nm (0.17 eV)

CIE (0.13, 0.31), EQE,,,,=34.8% CIE (0.13, 0.22), EQE,,,,=32.0%

CIE (0.11, 0.28), EQE,,,,=18.9%

CIE (0.10, 0.24), EQE,,,,=30.1% CIE (0.13, 0.45), EQE,,,,=20.3%

B3 WIl/E % R e B BRI () P 5E(FWHM) AL HT(CIE) A1 R/ T 3 (EQE may)
Figure 3 Blue-emitting B/N-based multiple resonance emitters and their Ag, FWHM, CIE coordinate and EQE .«

Hatakeyama “5KH “—8abliA0ik” BUES R 18I/
% @ 3R % 6 #1Fl DABNA-NP-M 1 DABNA-NP-
TBP2, %77k R — 0 N B BE S K il 1 5l N 2 38

FREEEE, I HEA B X kLA 3). DABNA-
NP-M F1 DABNA-NP-TB % 8 1 % ¥ 6 K 4 G =
460/453 nm), FWHMp, 737 8 29 Fl 26 nm. % T
DABNA-NP-TB [{J OLED %3] EQEmax N 19.5%. F
TSR ] — iR A R T /R 2 BRSO
Kl tDPAC-BN, HAEFHZFE (1075 mol/L)FR I H fr
T 454 nm AL G & $H%, FWHM, 4 19 nm, OLED #%
4] EQEmax N 21.6%.

Hatakeyama 5047 2 30 95 Je i B b [R5 N A4S
MEFFPUA SRR 7, )08 TR MR-TADF #1F}
v-DABNA (K 3). v-DABNA HAG1R/M AEsr(0.017 eV)
A= PLQY (P =82%), HH HEHIEH E RS
W FWHMpr 0N 14 nm. 3T v-DABNA #1251 OLED
AR I L S I A 1 S R S e, R BUR g
£7F 469 nm, FWHMEL A 18 nm, EQEnax i5 F 34.4%. Lee
LGNS E IR TR A/ A 2 EILR A TR 3, iE T
#5% MR-TADF #1%} B-O-dpAc. i T5E R FHRERT

AT RESI S, AENERRAR YT A AT, AT
FAETE RS, FAEH ZEW(107° mol/L) ) ROt g
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£7F 433 nm, FWHMp, N 28 nm.

Yasuda “5EBEERE(S) R F 51 N 20/ 2 HE LR
e, kA T/ R =T 2 ALIR PO KL BSBS-
N1 (B 3), HWLE TR 6T 1 5= 5 7 8508 e 2t
SOC, fini# 2 & 8] & K (reverse intersystem crossing,
RISC)iI 2, #Emifedt =& BT A BFIH. i1
BB N BESAE BSBS-N1 {452 B IR AN, S2l
EVE WK S (=473 nm, FWHMPL=21 nm), T H.
EEEHS krisc $2E A 1.9X 100 s 1. ¥t B EBTSR Fwy
H%“%$D’§k4£%”§”%4ﬁ*é":$ﬂﬁ$7n, B T
MR-TADF #4 ¥} PTZBN2 1 PTZBN3. 5 PTZBN2
(ApL =483 nm, FWHMpL =41 nm)#A L, & H WK
PTZBN3 ] PL Jt3 & A4 ¥ #% (A =468 nm, FWHMpL=
30 nm). Ll PTZBN2 #1 PTZBN3 #1235 ) OLED #$1FH
EQEmax Iy REE] 34.8%A132.0%. FRIRELLE /AL

IR = PLQY LA R/ 3415 5 440 vy S [ AR 1) B
tL}?E’Jﬁ:% WA B T W/ 2 B AR D A KL
Cz-BSN 1 DCz-BSNP®I(J& 3). 7E FRER A, —H¥E
B A W6 RS (e = 476/463 nm, FWHMp =
24/26 nm) A= ) PLQY (82%~88%), [HI 3 kpisc 15 F)
1L.OX10% s !, BAEER 7 1% b &Pt — AN 4uE
Z%. FT Cz-BSN 1 DCz-BSN 4% (#1155 OLED #8344+
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()RG5 IR T 482 AT 473 nm, FWHMg 7354 32
H1 29 nm, EQEmax 73 1IN 18.9%F1 22.0%.

0T, Yasuda S5 BOVHTF RFEEE0 53 50 408 15 B
(Se) 571 2 HALYR A EL CzBSe 1 Cz-BSeN(&] 3).
il (%) B 5L RN R ORI 5 T AR A =S 2 A1)
SOC, it T R In R &, (F1F krnisc A E] 108 s Hiim
4. KT CzBSe 225 1) OLED #44F R It 25 il iy 15 ok
B (AL =477 nm, FWHMgL=33 nm), EQEmux A 30.1%.
[FIF, 2R 5 BT AR IR PR AT 31 A8 80,
7E 100 cdem 2 F1 1000 cdem 2 #5 T A GE4 MR +F
23.4%F01 20.0%H15h T RCR.
3.2 FAMEZEHRIRBUR MR

Z IR LA R T I AR TP R AR
T8 o R A e B, R A TG X. A
TIRIEOE RS, FSERIE/ A 2 LR T A
(DtBuCzB) ¥ 41 Fl 5] N AT 45 %8 3 (/BuPh) R 3 K H 3t
BORERE, WilA Rk 1A A 86kl DtBuPhCzB. #H
T DtBuCzB, BuPh %[5 N\ DtBuPhCzB ] %
HHIE LT 48 nm, H: OLED 284F [ & 6447 T 508 nm,
FWHMgL N 33 nm, EQEma N 25.5%. Al 1338 i £EAl/
R R A B T HIXHL 5] N BT, $RIE T
4596 MR-TADF #1 %} m-Cz-BNCzZ*' (& 4). 5ASE Hm:

- -0

DtBuPhCzB m-Cz-BNCz

Aey=508 nm, FWHM=33 nm (0.16 eV)
CIE (0.20, 0.65), EQE,,,,=25.5%

Ag= 528 nm, FWHM=45 nm (0.20 eV)
CIE (0.26, 0.68), EQE,,,,=31.4%

Ag=523 nm, FWHM=23 nm (0.10 V)
CIE (0.22, 0.74), EQE,,,,=30.5%

Ag =528 nm, FWHM=36 nm (0.16 eV)
CIE (0.26, 0.70), EQE ,=35.1%

O~

o

av

OAB-ABP-1 DBENO

Agy= 504 nm, FWHM=24 nm (0.12 eV)
CIE (0.18, 0.60), EQE,,,~35.9%

A =505nm, FWHM=33 nm (0.16 eV)
CIE (0.12, 0.63), EQE,,,~21.8%

Ag =501 nm, FWHM=40 nm (0.20 V) Ay =516 nm, FWHM=38 nm (0.18 eV)
CIE (0.16, 0.60), EQE,,,,=22.0%

@O O@ ) U

Ag =504 nm, FWHM=48 nm (0.23 eV)
CIE (0.14, 0.56), EQE,,,,=28.2%

®
23 T, RS

Cz-PTZ-BN BN-Se

Aq= 520 nm, FWHM=54 nm (0.25 eV)
CIE (0.26, 0.65), EQE ,,=27.6%

BT/ A 2 EHARE ST BNCz A L, m-Cz-BNCz
) HOMO #IE S S, 1 LUMO #UiE N JL-F A 525
Mo, PRI A AL BRI T BERR, RINH 26 K5 (e =519
nm, FWHMp. =38 nm). #%TF m-Cz-BNCz 431 OLED
B IO R S KN 528 nm, FWHMEL N 45 nm, CIE
AL FER 4(0.26, 0.68), EQEmax A 31.4%.
BOGRSEROE T 7R/ 2 B SRR A 2 e T
Aol NEAE R s OR B, A T S
MR-TADF #4#} 2F-BN (F 4). #KEF1 5] N feus 55
ARG RE, BRI T BRSO LR, BT 2F-BN 4
4% 1) OLED #8141 EL Y6347 T 501 nm, FWHMg i 40
nm, EQEma N 22.0%. @I EME-F XA 51N 1,3,5-=
RO/ E NI T ], EPSERIE T 4896 MR-TADF
Kl DtCzB-TPTRZ*(F 4), H Jp 4501 nm, FWHMp,
7927 nm, OLED 234 EQEmax % 5] 30.6%. Btk
I IR R 2% 55 PR A B A 2 SR SR YT R L
HEFERE, RIE T 45t MR-TADF #4 B} AZA-BN. AZA-BN
ER B (107° mol/L) KGR T 522 nm,
FWHMpr A 28 nm, PLQY 1A% 99.7%. %T AZA-BN 4
ZE (1) OLED 8RR A= 1w 4 ki, FL EL Jei 1
WEEAE A7 T 527 nm, FWHMEL A4 30 nm, EQEmax /9 28.2%.
bR 7Rk D7, Gl A A 5] R G (BN-ICz-1 144 AT 5

F Sy o
SRR e A

2F-BN DtCzB-TPTRZ AZA-BN

Ag=527 nm, FWHM=30 nm (0.13 eV)

CIE (0.18, 0.67), EQE,,,,=30.6% CIE (0.23, 0.69), EQE,,,=28.2%

@?&?@?ﬁ?@
5590

o-DABNA

SE
Q)

Ag=497 nm, FWHM=29 nm (0.15 eV)
CIE (0.12, 0.57), EQE,,,,,~26.7%

A =512 nm, FWHM=25 nm (0.12 V)
CIE (0.13, 0.73), EQE,,,=31.1%

. o &
;
m[B-N]N2

Ag=506 nm, FWHM=45 nm (0.22 V] Ag=485 nm, FWHM=33 nm (0.17 eV)
- EQE,,=32.6% CIE (0.11, 0.32), EQE,,,,=33.4%

B4 S/ % EAR D R & B BUR EIEAL (e ) I TE(FWHM).  aA-AR(CIE) M K b T 2R (EQE nay)
Figure 4 Green-emitting B/N-based multiple resonance emitters and their Az, FWHM, CIE coordinate and EQE, .«
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. JC(BN-TP) L GE2 ™ R /48 22 55 3L PR 42 i St 4
FREE, MIMISEILERE R Gt, HAEH R H (1075 mol/L)
BRIy 521 ~523 nm, FWHMp. N 21 ~34 nm,
PLQY N 96%~99%. %:T BN-ICz-1 1 BN-TP 41%5 [
OLED #%M473HI7E 523 F1 528 nm Ab R FLGG K S,
FWHMEgL 73514 23 #1 36 nm, EQEumax 7359 30.5%7F0
35.1%. %P EIm /A 2 B ILIRE 4L T ek
JCE M 9,9- AR FEIYHE BT, #IE T MR-TADF A%}
BN-DPACHSI([E] 4), T 2RI 5] AN AF1F FT 2R H0IE 75 A7
WRES FAHE, LT REGENa®E. T
BN-DPAC 4 #%f¥) OLED #8F1IRGIEAL T 504 nm,
FWHMEL N 48 nm, EQEnax N 28.2%.

Hatakeyama Z50P2RH “—Hetlifbilk” & T &A
AN T (1) MR-TADF # %} CzB2-M/P (& 4). @it 78
MR TTY 3,6-00 5] NN RN e SLBE, $RAq 1 78k
LRSS, HAEHRORE T [1% (w)B4+T PMMA]M
RIGIERET 504 nm, FWHM & 39 nm. %&T CzB2-M/P
(1) OLED #3330t = A 2% 6 K5, EQEmax A 26.7%.
BEJG, MR <Ltk WIEm T B R UT o
4 ¥ B %) MR-TADF #f % o-DABNA(E 4).
o-DABNA 7E F 2RV R I H A5 1547 8 6 R S (e =
509 nm, FWHMp =22 nm). UL o-DABNA #2474
%E[1) OLED 2814 R A+ 512 nm, FWHMg 4 25
nm, EQEma A 31.1%, CIE A5 H(0.13, 0.73). [AIH}, 28
PRIE R I AR RO IR PR REVE, 7E52 8 1000 cde
m 2 i, EQE 4EFF{E 29.4%.

B EW /A 2 IR A 5] N AR R R 1 R
SRR RN, RS SLELR R AR, KRR
2% MR-TADF #4EH A %3412, Hatakeyama UREZH 4
7/ AR £ E LR MR-TADF # Kl OAB-
ABP-1U81([&] 4), HA i 5265 A BARAL [ A7 1Y
T AN AR TR —> N 5 7. OAB-ABP-1 7£ 8 fii
A TF[1% WHBZT PMMA]MK K GCIER T 506 nm,
FWHM 4 34 nm, PLQY N 90%. % T OAB-ABP-1 i %
N T8 OLED R I H % 6 K 5 (ler =505 nm,
FWHM=33 nm), # EQEm.x N 21.8%, CIE A4455(0.12,
0.63). = Mo ZE 13 I AN A A AN AR T 5N
FIZEASHALIE K, “B-n-B” Ml “O-n-0” £5H4, RIE T4
Jt MR-TADF #1% DBNO (& 4). X}fi “B-n-B” I
“O-m-0” M5 T it s o 7y 7 N FEL RN, fi
IR CIE R A0 F, FAE F2RIER R IR 6% 500
nm, FWHMp. 1A 19 nm, PLQY N 96%. %&T DBNO %41
%&£ (1) OLED #8341 EQEmax IAF 35.9%. 3 S5 01R F w7y
WE A B/ 22 E AL AR A R R T, T A R
T 86 B Cz-PTZ-BN 1 2Cz-PTZ-BN. Wy g
PP B R 7 R LA 58 SOC F ik RISC i #2, B
B krisc(1.0X10° 7). [AIW}, @i 7E 2 B IR 40
AMESIN A 4 T R LG, BERS IR T PLQY,
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VRIS 5> 1A A EAE . Cz-PTZ-BN A12Cz-PTZ-BN 7 !
VA P O GIE 7 A 510 F1 505 nm, FEWHMp 23 1)
A 37 F138 nm, PLQY A 91%~96%. 3T 2Cz-PTZ-BN
il % 1) OLED #34REf8 7 Ad FH Bt 7 i o R I
HAL B2 1ERE, H EQEma N 32.8%, CIE A4F5A
(0.24, 0.63). WD SR MR e o, fRiE
T EAWE Tt 2 EILIRIES AR BN-Se(& 4)B1.
G 5 - %) 2 5T 2850, R A% 75 A BRI A S RO T R 1 1
Ik RISC i 72, #1158 krisc 1IEF 1.6 X106, T
BN-Se 1] OLED #3430 H 45 15 4 e R (Ae =506
nm, FWHMgL =45 nm), £ EQEma N 32.6%, HAERE
49 1000 cdem 2 B IR FEAUA 1.3%.

B, BOARSEHIE T5H B—N LM 2 E R
T AL m[B-NIN2052, B—N F:A4 (1) 5] N4 7 S5
WAL OB 75 BE M T R 461, AT BRAR T & O, [RII
oK & 2 B ILIR W OEM B HE TR o 4.
m[B-NIN2 7EH 2R PRI A ik a0t R g, ok
FUEN T 491 nm, FWHMp. A 34 nm. £ T m[B-N]N2
YH%E 1Y) OLED #4 [1) EQEmax 1A 21| 33.4%, H HH R
FEA5 2] 7 8, BMETE 1000 cdecm 2 Fi1 5000 cde
em 2SR, AMETFRCRAMRFFE 29.7%F0 24.7%.
3.3 EAMOAT/RZERIREHEIL MR

Witk B E1EM /A 2 EARE 2R AN B S NS B
YA LT RE IR 2RI BT, BRI SR ST P HE FL T RL
N, $RIE T ARG MR-TADF #48F BN3S3I(E 5).
BN3 7E R A R AL T 562 nm, FWHMp N
30 nm. [AI, BN3 & EAHRE RISC 3 Z (krisc =
1.4X10° s 1), 2T BN3 4251 OLED 23F 1) EQEmax
N 24.7%, CIE AEFRN(0.47, 0.52). FRAGFFEE44 AN Bl 5
TFRIPAEE F 5] N BRI K B-n-B A1 S-n-S 7
ghiky, HRIE T ORI/ A 2 EIRTEEAMEL DBSNEBY
(Bl 5). fEHZEEWF(1075 mol/L), DBSN ) & I fr T
553 nm (FWHMpL=28 nm), & T &6 E 5 TR
1644 DBNO £0#% 53 nm, X F BT R FEAE
SRIT45 FL T RE 7T, RENETE RCRE 9 1Y 4 P A F A
Z; [FIES, )R T EJE TSR T SOC, ik T
RISC i %, krisciEH] 1.9X 105 s, F&F DBSN 2121
OLED (& J:I&47 T 556 nm, FWHMEL A 43 nm, EQE max
A 21.8%.

T E R SRR/ 2 B SRR B R R B A 5
NFIE, R B 7E L (A7 51N AN B, R TR
W8 % ARV B CNCz-BNCZS(E 5). FEE)
FIN BB 3G S S Ay FE T RE D, R 5N UG 5 T
BARRIHERTRE ), (155 AR B RS g 5,
ML T RS ERERIZ R, CNCz-BNCz 1E F 2574
B R GIEAR T 581 nm, FWHMpL N 42 nm, H#EZS
PLQY N 96%. J:T CNCz-BNCz 41% ) OLED #84F )
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Ag= 588 nm, FWHM=43 nm (0.15 eV)

CIE (0.47, 0.52), EQE ., =24.7% CIE (0.42, 0.57), EQE,,,=21.8%

Ag= 556 nm, FWHM=43 nm (0.17 eV) Ag =584 nm, FWHM=49 nm (0.18 eV) Ag=541 nm, FWHM=27 nm (0.11 eV)
CIE (0.55, 0.45), EQE,,,,=23.0%

Ag.= 616 nm, FWHM=26 nm (0.03 eV)
CIE (0.67, 0.33), EQE,,,,=22.0%

CIE (0.72, 0.28), EQE,,,,=27.6%

K s

Ae= 686 nm, FWHM=48 nm (0.13 eV)

Agi= 621 nm, FWHM=66 nm (0.19 eV)

A= 551 nm, FWHM=23 nm (0.09 eV)

CIE (0.30, 0.58), EQE,,,,=31.5% CIE (0.36, 0.59), EQE,,,=37.4%

» O
CLLO QLT

N

(-0

BNO3

A= 625 nm, FWHM=40 nm (0.13 eV)
CIE (0.66, 0.34), EQE,,,,=36.1%

=

CIE (0.65, 0.34), EQE,,,,=7.8%

TOERL eI/ A 2 EIIR VO B R B EUR AL (e ) 204 % (FWHM) (8 AL FR(CIE) il i K AN E T UK (EQE may)

Figure 5 Yellow- and red-emitting B/N-based multiple resonance emitters and their 2z, FWHM, CIE coordinate and EQE ax

EQEmax N 33.7%, HEABARKIEENE, £ 100 cde
m 2 Al 1000 cdem 2 =EF EQE 7 l4EFAE 27.7%A
16.4%.

Duan %@ 0/ % % B LR B T(BN-MR)FH 4 2]
Mgl R (IC2) B 28 1, &Rk T AN 36 MR-TADF #4
¥l BN-DICz Al DBN-ICZP(JH 5). 5 BN-ICz #Lt,
BN-DICz fil DBN-ICz 7E & H (10> mol/L)HJ PL
k¥ R AE T — 8 R B4 (BN-ICz: 517 nm;
BN-DICz: 533 nm; DBN-ICz: 542 nm), [&i 3 FWHMpL
2341 (BN-ICz: 21 nm; BN-DICz: 20 nm; DBN-ICz:
18 nm). %&T DBN-ICz 41%¢[#) OLED # = I H 7 1l 7y
ﬁ'\:ﬁlﬁﬁﬁﬁ(/l];]_:551 nm, FWHMEL:23 nm), /E\: EQEmax
N 37.4%, CIE AA454(0.36, 0.59).

2020 4F, Yasuda FE2HRIE A 3T 400 MR-TADF
#EL BBCz-R (K 5), Hor it &8 WAL T KA
XL IR AR R, BT “D-n-D” Ml “A-n-A”
Ghk. X MEEMA RS IS 5R ICT /M, SKILZLR 61,
[F] i i PR HF 7 2 B SRR, AR 8 S B A Ol R O
BBCz-R 7E H 2R I & OGIEAL T 615 nm, FWHMpL
421 nm, PLQY 4 89%. #:F BBCz-R [¥] OLED #$ {43
I ) AR 1S A L1 6 RS, el 2 616 nm, FWHMEL A
49 nm, CIE A£F55(0.67, 0.33), EQEma ¥ 22.0%. Bl
SEUNTE 2 d LR B 48 b 5 N AN R T R DDA SRR
FERPA “D-n-D” Fl—2 “A-n-A” &5k, #— D58
THERL T RO, R I AR B IR X (Ap, = 692
nm), FWHMp 4 38 nm. Z£F R-TBN £ %% {144k OLED
AR R I AR 1A 2006 R 9 (e =686 nm, FWHMEL =
48 nm), EQEmux N 27.6%.

TR AR AN R T 5 NT/R 2 B IR 2R
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i B-n-B. N-n-N Fl S-n-S %i#), #&it& M T4
MR-TADF #4% DBNS 1 DBNS-Bu, H7F 5 H =I5
Wi (1075 mol/L) ) & Y&y 631/641 nm, FWHMp 9
40, 39 nm. [FIEF, 155 TR FIEE 7N, 351
BABEM kusc(2.1/22X10° s7Y), REEA R =4
ST SFIH. KA DBNS-Bu N5 45741 55 1)
W TR 456 OLED #M4Fr K J6IEAR T 621 nm,
EQEmax /9 7.8%. 4% 4 AN R+ AN Ui A0
AEE TR 5N 2 JERE 2L, ®ih AT
MR-TADF #4 £} BNO1-35)(1&] 5), HAEHF K50 (10
mol/L)F I H 78 1417 21 & i (Ap. =616 nm, FWHMp. =
33 nm) AR = H PLQY (96%). LA BNO3 Jy15 44 71 4H 25 )
OLED Z3ff1Kk 60N 625 nm, FWHMg. A 40 nm,
EQEmax A 36.1%.

4 HREER)ZERREHBNTLHR

b T RIETENE BT RT 24, SRR 7
BT BHAWXIE T, Wi E B TR T 5ME
TR Z EIHPREEM. 2015 4F, Hatakeyama M8 40 i &
TH/AE 2 IR MR 2a~2d°Y(&] 6). 2a 7 A
BEE WA (1075 mol/L) ¥ & YA T 398 nm, FWHMp A
34 nm. JESTE 2a SMEASFLL S 5 APASFEE(Ph), &
&R T 2b~2d. HET 2a,2b~2d F PL i R4 T
ANFIFERE L% (e =410~436 nm). BT LE 2a FME T
N FF SRR L IR 2 S BB ], A ik T R i R
N RS A B DOBNA-OArBY(E 6), H &k GigEfsr
T 388 nm, FWHMp A 48 nm. ¥F DOBNA-OAr 1£4
Wit OLED #3144, 3K15 1 34.4%H) EQEmax. 2019
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Bl 6 /A (R) % EIAR VAR K R IR (R U TE(FWHM) AR R(CIE) AR KA T 28 2 (EQE max)
Figure 6 B/O(S)-based multiple resonance emitters and their Az, FWHM, CIE coordinate and EQE, .

M, Of IR HRIE T &F — Nl = A UE 1
ZI 5511 (E 6), HAEFZRERH(107> mol/L) PL Jt
WA IEAE A7 T 386 nm, FWHMpr 4 48 nm, {HFL5 6%
IR AR I N N FD ROBE ) B2 o SO R i, R
TADF %%

2021 4, FAFEREACIR IR FENE BT
JEF, MR TR R T T, BrhG T e 2 B3
POEH R BOS A1 BSS(E 6). i FHIGI N FEAH W
JIHRAER: — 2T B a5 R4S TR
71, BEMENE RSB & 0] L YEIX (434~457 nm);
R HAA R AN, REEE ISR SOC, i RISC
IR, BRITIRE krsc. BT EM R XL ANASF 5
il e [41(9,9- — FEENY IE . 9,9- KLY g, IR ANH
MR TT), R T TURMI/GR 2 B3RP LA kL BSS-Ac.
BSS-SpAc. BSS-PA. BSS-CzI%), J:-4E7R T 75 et 41 7E
VR SRR T I IVE . BEE D5 3 A 4h T fe
KI5 HOMO Re M PRMR, HAAT NG R E] BSS &
BKFE CT S RIEHAN BSS B4 H & EAEILR
CT &K, 15 KEIEHE A (Ao A 105 nm /N Z 28
nm). H, SEHRMEF T BSS-Cz I H 48 17 15
RS, HESCRIEEN T 462 nm, FWHMEeL N 29 nm,
CIE A5 4(0.13, 0.09), EQEmax N 21.8%.

5 HE/RSEHIRBIARAME

PILHA — R TR ), RIS ERTHR
(AR R, 3 K B AR T RN B 2 05 R B
2ORBEH T /A2 BERRA NSO EL 2019 4F,
Ve R ORIE T & AN SR A — AN EUE T I R/
RZ B IRTOEAE QA0 (K 7), HHIKIFHFI 7=
P 6 & B (=466 nm, FWHMpL =32 nm), PLQY
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N 72%, AEst N 0.18 eV, HARGEN TADF 28, 4EiR
WIFFA N 93.3 us. =T QAO 4% (1 OLED #3111 %
TGN T 468 nm, FWHMEL A 39 nm, EQEma N 19.4%.
HISTE QAO B G NIAENMIER T, iRiE T 2 H
AR EL DQAOSE 7). 5AE M iE )i+ 1)
QAO #Itt, DQAO ) &k & &4 B 41 % (472 nm),
FWHMEL 4 34 nm, EQEmax A 15.2%. it 5] NEAMEAR
B RAE M E R T (0QAO Fl SQAO), REMGHE— 5K
WLLRE R ALK, HH, OQAO 71 H ZRIE W H (1)
RICIERL T 520 nm, FWHMp 4 36 nm, 1fj SQAO 1K
A7 T 552 nm, FWHMp, 340 %E 54 nm. 3£ T OQAO
1 SQAO ZH%:1¥) OLED #51F [1) EQEmax 7371l 4 20.3%4H
17.8%.

i e 7 S OOV Ik R RS/ B 2 LR B 28R N R T
XL G NABUT Bk BT, WA T 2 IR DO LM
Bl QAD-2Cz(1¥ 7). MMEFLITIY 5] AEAFH KOG EHE LT
BRI X (A =530 nm, FWHMp_.=56 nm), OLED %%
1) EQEmax N 27.3%. Zysman-Colman Z5 070K AN Fi
/R 2 B AR T IE S PR R R Ak, RIE T
MR-TADF # %} DDiKTa(/ 7). 5#%/A £ EIARHIC
AHLG, DDikTa B AT KMILHEH 4L, Reg (S anka
%, H OLED #3141 & 6L T 500 nm, FWHMEL K 59
nm, EQEmax N 19.0%.

Yasuda ZEIO81R M = Y g B )9 70 TP 42, 4RaE
TEAWARIE T AP/PUA AR MR-TADF #4
Bl QA-1 F1 QA-2. 5EAPNIKIEN QA-1(ApL =434
nm, FWHMpL =31 nm)#f Lk, &AM HRER QA-2 K
SR AR, 04 TE T A (lp =444 nm, FWHMp =22
nm). 3T QA-1 Fl QA-2 ) OLED 234K B 45 iy i
Je RS, HHEBURGIES AL T 455 A1 463 nm,
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A= 468 nm, FWHM=39 nm (0.22 eV) A= 472 nm, FWHM=34 nm (0.19 eV) Ay = 532 nm, FWHM=45 nm {0.20 eV) Ay =564 nm, FWHM=72 nm (0.28 eV)
CIE (-, -), EQE=19.4%

CIE (0.12, 0.18), EQE,,,=15.2%

Ag = 500 nm, FWHM=59 nm (0.29 eV) A= 455 nm, FWHM=43 nm (0.29 eV) A; =463 nm, FWHM=37 nm (0.21 V)  Ag=615 nm, FWHM=60 nm (0.20 eV)
CIE (0.13, 0.14), EQE,,,,,=19.0%

CIE (0.18, 0.53), EQE,,,,,=19.0% CIE (0.14, 0.12), EQE,,,,=17.1%

CIE (0.32, 0.65), EQE,,,,=20.3%

@@
@@ S

DDiKTa QA-1 QA-2

SQAO QAD-2Cz

A= 527 nm, FWHM=30 nm (0.13 V)
CIE (0.23, 0.69), EQE,,,=28.2%

5, 8
R O

>r©©w<

PBDPA-TOAT

CIE (0.47, 0.52), EQE,,,,=17.8%

SWe
OO

3DPA-DiKTa

Ap =624 nm, FWHM=62 nm (0.20 eV)

CIE (0.63, 0.37), EQE,,,=16.7% CIE (0.66, 0.34), EQE,.,=11.3%

B 7 BARZ EIRVOEAMR R B EUR N (M) U458 (FWHM). AR R(CTE) AR KA T 23R (EQE ma)
Figure 7 Carbonyl/nitrogen-based multiple resonance emitters and their Az, FWHM, CIE coordinate and EQE,.x

FWHMEgL N 49 #1137 nm, EQEmay 7354 17.1%41 19.0%.
Zysman-Colman ZEA15KIE ZE7E QAO #ME 475 A=
AN =R (TPA) Hot, #1817 2 & L4k %Ot M R
3DPA-DiKTal® f1 pBDPA-TOAT!! H 1 2 1% 1 K
WAy AT 597 F1 603 nm, FWHMp. N 47~48 nm,
OLED #31] EQEmax 7374 16.7%H1 11.3%.

6 MolWRFIRIESE 5 EHARBHL A 1Y

AN[E T/ AN B e 5 2 BRSO BRI
A AR LIRS & B IR R T R, R R R
(1 5] R S P ek 2 2 o SRR T M R AR B AU T
BHETET, mEasE TR, REwmk, 2571
SREERSIE S HOMO 1 LUMO =8 % 43 i fEAH AL B I,
R 2 B ILHR RN AN AT 15 5 R SRR, 2020 4F, Lee
LUVIRGE T8 A B 1519 [3,2,1-jk ] M P (IDCz) 5
76, HPAEE AL T R4 15 A kL tDIDCz, Horf
BJETHENS 5 S HOMO A1 LUMO 78 8 HE A 2215 1R
Mesy T 48 b, PR AR RN, HVE TS RO
F 393 nm, FWHMp. 5 20 nm, {H/& tDIDCz ] AEst 5%
K(0.44 eV), WA XIH TADF Rv. il g2 w4
IDCz HIuAR 77 3, (45 PN EUE T M a4 HEF1 AR
R AL HES, HIE T PN IR FE RS 2 SRR A
Kl tBisICz 1 tPBisICz"2(1& 8). 5 tDIDCz #HLL, tBi-
sICz Fl tPBisICz [¥] AEst F#1K(0.27~0.29 eV), EILH
TADF (5. R, Hois g, KA T 4364
445 nm, FWHMp 4535778 22, 27 nm, PLQY 23514 95%
H191%. F&T tBisICz Al tPBisICz 412 ] OLED 2344
EQEmax 274 15.1%F1 23.1%, CIE 4445535 4(0.16,
0.05)/1(0.15, 0.05), T/ BT.2020 AxvH 0 GHI K.
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WK —A ICz B 5 MANR(C) i TG,
T8 T8 ARG R IR e o TR AR £ LR O
PR 3IDCz A p3IDCZ, b BUR T 5 U 7 h.
FHAL T X7, I H 78 17 W56 K 55 (A =470/470 nm,
FWHMp.=27/25 nm), PLQY 43 ik % 92%F1 100%, H.
%I HA TADF 2. #F ¢3IDCz 1 p3IDCz ] OLED
BEM) EQEmax 73 BN 30.9%A11 33.8%, CIE ALFr73 A
(0.12, 0.16)F1(0.11, 0.19).

B 4 3d I 7R ] R R e 2 SRR A ol 4
DBICZ #MEF & AN F S (GERE), Wit& e 1 kIt
e LRV R a-NAICZ Fl a-EtNAICZI74(E
8). MIHIFFHMIBIN— Ty B T HILPIFEEE, REfgsr
DA RS, H—H4ERE T 2 EIARG M AR
TERETE, AT Z4EFEAE S RS 5A S IE TR W
DBICZ MLk, & A Z A % 0 a-NAICZ F
o-EtNAICZ ()R SIS KA T ARREMLAR, HAE
AR B R B R OGS AL T 610 A1 633 nm,
FWHMEgL 9 38 #1156 nm, OLED #3141 EQEumax 7 JIN
18.2%F1 12.9%.

7 SERFENES TR

BRI EL A T R IO Tk RE, R
N T2 OLED S EEMEMA R 2 —. 5/ANVT
WHA RIS, E5i5T D-A R =0 TR e EHE
TG 6 R e T s 5 0 €8 0 P AR I 179 1] RRO7S-770, PRl
AT =i Won TP IR . 2021 4F, E%Jﬁf—[‘ﬁ]mﬂ%ﬁﬂﬂ/
i 2 B ILIR DO Ykl BSS 1E N AL IT, #HH G JES
HERIR LA (PS) ISR (N- M5 22 R L Y g ) (PAC) M 6, 41
8T HA RN R CRHIE N 2 B LR & 0 T 9RO R
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CIE (0.16, 0.05), EQE,..=15.1%
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CIE (0.15, 0.05), EQE,,,=23.1% CIE {0.12, 0.16), EQE,,,,=30.9%

a-NAICZ

a-EtNAICZ

A= 633 nm, FWHM=56 nm (0.17 eV)

CIE (0.66, 0.34), EQE,,,=18.2% CIE (0.68, 0.32), EQE;,~12.9%

B8 1Mk MM 22 B IR VOGRS BRI A (A ) “EIETE(FWHM). AL FR(CIE) AT 5 KA T 22 (EQE max)

Figure 8 Indolocarbazole-based multiple resonance emitters and their Az, FWHM, CIE coordinate and EQE .«

PS-BSS Fl PAc-BSS (& 9). 7£HFZE W (1075 mol/L),
PS-BSS F1 PAc-BSS ¥R I H 45 1547 W5 Y6 K A0 (e =
456/455 nm, FWHMpL=30/30 nm), HFE.f TADF %,
FEIR PTG 5 F5 6N 67.0~71.9 ps. K F PAc-BSS Nk
R VAN TR OLED #8:f K aishr T 458
nm, FWHMEgL 4 31 nm, CIE A£455(0.16, 0.12), EQEmax
N 13.1%.

PAc-BSS

Ag =458 nm, FWHM=31 nm (0.18 eV)
CIE (0.10, 0.43), EQE,,=13.1%

W3t B R TS/ 2 % B SRR D e ekl A B
R(3,6-HM)(PC2) M E, &itAMK T &0 T
PCzBN1~PCzBN5 (& 9), HIIRLZ&M/AZ BILE
e YRl R O 4 T R A R (3,6- M) v = 2R S RE 2R
ARG PR RE S AR 35 B Gl & IR IE 7,
MERBN Gk Forster LR AER AL IRETIG R, M
BN S%M, KT EAeRERE, RIH AL K.

N
Can')\CeHn

x=0.01, PCzBN1

Ag =409, 428, 491 nm, FWHM=-, -, 27 nm (, , 0.14 eV)

CIE (0.10, 0.43, EQE,,,=17.8%

x=0.03, PCzBN3
A=496 nm, FWHM=34 nm (0.12 eV)
CIE (0.12, 0.54), EQE,,,=17.5%

x=0.05, PCzBN5

A= 496 nm, FWHM=30 nm (0.15 eV)
CIE (0.11, 0.58), EQE,,=13.3%

B9 £ dELIRE > FRIMRL LI BECRIENL (e ) G TE(FWHM). EALKR(CIE)FR K M T 32 (EQE max)
Figure 9 Multiple resonance polymer fluorescent materials and their Ag,, FWHM, CIE coordinate and EQE .,

Acta Chim. Sinica 2023, 81, 1202—1214 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1211



oF ¥ R

FTF PCzBN3 HEEMIE WM LA OLED R H LM
AR, HROGIEAT 496 nm, FWHMgL A 34 nm,
EQEmax A 17.5%.

8 REERE

Zi bR, ZEIMRANE S TR H T 2R
AR I 5 (FWHM <40 nm) M % 68 TA0%, R
J& 8 =i OLED o AR T7 T B A IR BN A 77, i
ERZE) T EWNAMIF A T2 O%0E, AMUAR R IT R H
RGBS 78 55 BN T DG X G s A2
BMA R, 1 BATAE B — RS H ATA ML R 5 e
BB IME TR 40% )2y T, AR
JEAT LR 53T SR ) B BRI F 05 ).

R, 2 \EIRA LG 75T R R K @it
ARG SR TR PR, Bk, K282 LR
FIB AR & I I 5 F AL SRR & e, A R A R
ol R DA R TSR TR R A R kAT, RO AR E
FERIAR, AMXEIL) T MR R S %, i LR &1 T 2
T 2R, Rk, 2 EIRUOEMRL H BT = 2L
HHTE SR R, A KPR R SRR 1) s AN
LI RMARNT B =, HLEE 2 i A AR K T I 2 Ve 5 1
Iy B, 2 E RGO MRL I ) R ) E BRI
RAEERK, BRESHEMEK, SEEESE T H
P ) ROR IR B, AR T ISR . Aok 2 EILR
PRI R SBAEAF U R JLA TN LA, — &6
W 22 B SRR 5 0 (v W R e k2 2 B AR 45 1), Ix 2K
SERIALAE A il bl o T WA S N A AR A, T ELTE
B R G RE(FWHM. PLQY) /7 TH AEW% S5/ £ H 3t
PREEFIARUESE, 45 ) 5 T XU W I e 43 2R £
HILRVOEARILE FWHM 58] 13 nm®, 2 H jikiE
A A BEUROE ISR 2 BRI OB EL R
A D-n-D Fl A-n-A S50 2 B ILIRDO R, aeigim i
TE B 1 73 F AR B 71k R OKIR LR e, R
AR FOEA MR A S0s R, R EHEETH
Z B\ A B, BEIE TGRSR T e s
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