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Fig. 1 Design rule of single white-emitting polymers based on polymerized TADF small molecules.

1 SLIGEY

1.1 KFIE5HH

BT S0 A8 e e R, R
AR SR B 0 A R G ad gk — 2P 4l
TEEAH .
1.2 D HEFRIRLEE

¥ it JE R I3 (CH-NMR.  BC-NMR) it & i
Bruker 2 7] A5 7 (1A% B 2L 415 8 1% 4% (500 MHz) 7E
W RIS, PRI SRR, VAT
5 IR E AT (CDCLy) F AR = 2 1 BK (DMSO-
do). BAEW 1 8 S H o34 K H Waters 24 7] 427
(17410 ZUEERLIB 15 S AT 2414 BT R B0
MIZFTE 40 °C NI . LA 5047 TR LI NAs e
VUSRI i AH, %N 1.0 mL-min~".

SR TAALES 2 5 A =14 Q50 2 A4 Ei 23 T A3l
EREIGENER, BAGE, LL10 °Comin™!
(1T T 2R AT IR

B Ah- 1] IR R FH SR A~ 1T L 43 o6 BE
11 (Perkin-Elmer /A @), Lambda 35 ) #3171 4 .
POt K 5O R H % O Ot 1% {X (Horiba 2 7],
FluoroMax A EAT M . WX 1 58 & 4 v J i
HAE3 em x 3 em A 98y F, BL1500 r/min 3£
FEJiE R 10 mg-mL" 158G H 2R (To I VR4S

P I e AE PO (F T A,
FLS-980 ) |45 . il H ) il £ LA =45 8O 0805
NIFATMAER B3N F M, oMo B RO6HE
i1 7, FAE IR 5 5673 i 70 73 90l 9 7 AR o Al oy 1R
BT 35085 40t 58t B 25 il i oA AR 73 BRI
P (HORIBA A &), FL3C-111 B)7ER/S
SRR I E . R R 2 AE FAG S AR 5l (Princeton
Applied Research, EG&G 283 ) i3k, EPRH
PritE = FARAA 2R, DU T i v TR e 11— P O R
J 5 (0.1 mol- L")y AR 0 ¥ . 10 mg-mL™!
1AW — & 58 (DCM) 3 LA 1000 r-min™!
(1) 38 P52 e T BB AR FLAR b, A AR A
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W, Ag/AgClH NS LM, —REAIE NN bR
HEATIE, F30E E 0.05 V-S1 FE 5 4l Bl fif
W/ FE B K AT IS (] S5 3 (MALDI-TOF-MS) /2 Jf i
Ot AT FEA(LDI-1700 BDHEAT IR, Va7 ik
&
1.3 HBEHIEENK

P 4544 9 TTO/PEDOT:PSS + PFI (40 nm)/
EML (50 nm)/TSPO1 (8 nm)/TmPyPB (50 nm)/LiF
(1 nm)/Al (100 nm). ZH4FH] &R el EE
TR P 48 2 TV PE RIS B 19 1TO 5 Fa 38
FFAE 120 CHIMFE LT A A5, S 8A R
A(UVO)LEE 20 min. i f5, FFARFILL 3:2 A
R (3,4- 40 — H HE W) - TR K £ ) e IR (PEDOT:
PSS Bayron P VP Al 4083) 11 4= % 25 3K ¥ (PFI) ¥
7 LA 5000 rmin~', 40 s [ 2% {4 g 4 75 1TO & Fr
b, FFAE 120 CCHRUMEFE R K T h, B H G
ZFEHT. ARG, BE—EmES T P010~P07
5F11,3- ZHEME ZK (mCP) 4% i & bL 3:17 Y IR AE S
I AT, AR 10 mgmL (IE R, I UL
1800 rrmin”', 60 s [ 5% ig i /£ PEDOT: PSS+PFI
F, 2100 °CiE K 10 min 4 7 & 6/ EML .
Wa, HEFEBRETEREN, fE<4x10Pa
HAPETR, FATE AR 48 I I ) 23 Sl 25 9%
8 nm ) % JE (4- (= O BE i b AR R BR) AUk
(TSPO1). 50 nm ] 1,3,5- = ((3- Mk g %) -3- K 3k)
Z(TmPyPB). 1 nm 5 (LiF)F 100 nm [#] Al
B . FHLIAE 28 PR - P i - P2 A it 2 0 P A A
TR I A O F A I 3 B (Keithley 23 A A2 7=
12400 B A1 2000 Z0) i3 AT I 5€ . A8 FH 40 6O RE T
(CS2000 ZH WM 5E T HBUK G EL Gk . CIE Ak
Fr ST CRI LA K AH 56 (B CCT. 78 B 45
SO AEALMNT, B ELGIE. SRR
2P 5 AR T RCR EQE. B MR 7E 25K,
AT
14 B—AXESFHEK
1.4.1  H AR RN AR ) ) 4

2,7-R-10-( = FF R Q- FF B T -2- 28 A 2L ) -
9,9- — HI5£-9,10- &M wE (P AA 1) RS
WEER, $2,7-78-9,9- ~HIF-9,10- &MY g
(6.7 g, 20 mmol) M AN (60% 7 B T A1 i, 1.6 g,
40 mmol) NN = FUBEIH . VKAKIB IS 1E S INAKS
il ¥ THF 7200 mL, B In#4E] 60 °CH4 42 k.
L1 h A E B E= IR RIS B R T

FESURERE ) THF ¥ (1.667 mol-L!, 30 mL)Jf &
FOINAEE 60 °CJ B 12 h, — e A BRI FE N =
IR 2 B 22 5 R BN 400 mL 2 B T UK
B, FIN 100 mL DCM FE 78 434 BE . 43
JE AN B 7RG 2 IR, HEWYE. Mt
R ARJESEA. o, O BT e
AT (PE). 2%, 133IE0EWIE6.2 g,
7% % 64%. 'TH-NMR (500 MHz, CDCls, 6): 7.43 (d,
J=2.3 Hz, 2H), 7.24 (dd, J=8.5, 2.3 Hz, 2H), 6.99
(d, J=8.5 Hz, 2H), 1.22 (s, 15H), 0.14 (s, 6H).

10-(— F AR (2- FH L TR -2- 2 F A 3)-9,9- — H
H-2,7- 59, 10- AN mE (P A 2): AR
BN, AR =S e b Al A 1 (4.8 g, 10 mmol)
% T 100 mL () THF 1 30 B E T T 0K- 9 i it
&R % -78 °C. 7E 30 min I [A] PYIZE I AL T
AR IE O (1.3 mol-L!, 46 mL) F 4k 4
%30 min. ZH AR EFE(19 g, 0.10 mol), B
3h)EE T IR N . it — a2
(e, Mg T HBEBT N PE), 15310 EE
Wiik4.8 g, 73 88%. 'H-NMR (500 MHz, CDCl,,
d): 7.13 (d, J=1.9 Hz, 2H), 7.02 (d, J=8.1 Hz, 2H),
6.91 (dd, J=8.1, 1.9 Hz, 2H), 2.56 (t, J=7.8 Hz,
4H), 1.56 (qui, J=7.4, 4H), 1.34~1.20 (m, 29H),
0.87 (t, J=7.0 Hz, 6H), 0.15 (s, 6H).

9,9- —HI K2, 7- = ¥ H-9,10- — AN nE (T
] 44 3): 7E = F ke il P W iR Ak 2 (5.5 g,
10 mmol) T 100 mL {] THF /1, & I AP IE T
FEH AL 1) THF % (1.0 mol- L', 15 mL), M
2 h G — AR E b, AR B A eI
AN PE), 132 iE MK 4.0 g, 72 92%.
'H-NMR (500 MHz, DMSO-d,, d): 8.55 (s, 1H),
7.09 (d, J=1.3 Hz, 2H), 6.82 (dd, J=8.0, 1.3 Hz,
2H), 6.65 (d, J=8.0 Hz, 2H), 2.46 (t, J=7.6 Hz, 4H),
1.50 (qui, J=6.7 Hz, 4H), 1.44 (s, 6H), 1.31~1.16
(m, 20H), 0.86~0.80 (m, 6H).

6-1-2-(4-( = F IR AL K 3L )-2,3- - 1H-
K I [de] T WEMR-1,3- B (A4 4): @A
T, A = SR OO\ 4- (= F L RO 5K
% (5.0 g, 30 mmol). 4-JR-1,8-2%5 ~H R (8.3 g,
30 mmol) BA F BK M (20 g). in A\ & 1/ (CHCl3) )
200 mL FFH0FAEN 90 °CI ¥ 12 h. o5 — b P
BRJG A pr -GBS Ver/ Voem = 3/1),
REAEEAE 1 g, 7% 85%. 'H-NMR (500 MHz,
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DMSO-dg, 6): 8.63 (d, J=8.5 Hz, 1H), 8.60 (d, J=
7.3 Hz, 1H), 8.36 (d, J=7.9 Hz, 1H), 8.27 (d, /=7.9 Hz,
1H), 8.06 (t, J=7.9 Hz, 1H), 7.68 (d, J/=8.2 Hz, 2H),
7.38 (d, J=8.2 Hz, 2H), 0.32 (s, 9H).

6-(9,9- — F3E-2,7-— 3 ££-9,10- & MY IE-10-
F)-2-(4-(= R AR R 0)-2,3- & -1H- 2K 9F
[de)remEmh-1,3-—HR(h A S): AT, £=
FUpe A I F44 4 (0.89 g, 2.1 mmol). FfJ{A
3(1.0 g, 2.3 mmol). Pd,(dba); (96 mg, 0.11 mmol).
[HP(#-Bu);]*[BF,]~ (0.15 g, 0.53 mmol)#l --BuONa
(0.32 g, 3.4 mmol). JIAKG ] Tol 2730 mL Fm#4
£ 105 °CR M. 12 h. &3 — e ab #5038 f5 (L
FE T BT YRR Voe/ Voew = 3/1), 1934 4 [H
£1.5g, 7#%92%. 'TH-NMR (500 MHz, DMSO-
dg, 0): 8.73 (d, J=7.6 Hz, 1H), 8.54 (dd, /=7.2, 1.0 Hz,
1H), 7.96 (dd, J=8.5, 1.0 Hz, 1H), 7.94 (d, J=
7.7 Hz, 1H), 7.82 (dd, J=8.4, 7.3 Hz, 1H), 7.71 (d, J=
8.2 Hz, 2H), 7.43 (d, J=8.1 Hz, 2H), 7.38 (d, J=
1.8 Hz, 2H), 6.69 (dd, J=8.4, 1.8 Hz, 2H), 5.79 (d, J=
8.4 Hz, 2H), 2.47 (t, J=7.8 Hz, 4H), 1.75 (d, J=
402 Hz, 6H), 1.51 (qui, J=6.7 Hz, 4H), 1.31~1.16
(m, 20H), 0.84 (t, J=6.9 Hz, 6H), 0.34 (s, 9H).

6-(9,9- — F 3E-2,7-— 3 ££-9,10- ~ & MY IE-10-
F)-2-(4- W ZEIE)-2,3- - E - 1H-H I [de] St -1,
3-ZHEA(TIEAR 6): WAMEL T, fE =SB
B a4A 5 (1.5 g, 1.9 mmol)# T 100 mL ff] DCM
TR B E T T-OK- A BRI H IR 2278 °C. i
I 1.5 mL A — S 4.7 @) 4k 82
10 min. K S B AR R IR RN 5 10 g 1 B 5
(17 100 mL 7K VA ARG AR KR B L 5 4% R
—MOP PR EJE (L, A BT B
Vore/ Voo = 3/1), SR AHEAK 1.3 g, 755 82%.
'H-NMR (500 MHz, CDCls, 6): 8.84 (d, J=7.7 Hz,
1H), 8.67 (dd, J=7.2, 0.8 Hz, 1H), 8.13 (dd, J=8.4,
0.8 Hz, 1H), 7.91 (d, J=8.5 Hz, 2H), 7.82 (d, J=
7.7 Hz, 1H), 7.66 (dd, J=8.3, 7.4 Hz, 1H), 7.33 (d,
J=1.6 Hz, 2H), 7.12 (d, J=8.5 Hz, 2H), 6.67 (dd, J=
8.4, 1.7 Hz, 2H), 5.86 (d, J=8.3 Hz, 2H), 2.53 (t, J=
7.8 Hz, 4H), 1.81 (d, J=25.7 Hz, 6H), 1.56 (qui, J=
7.4 Hz, 4H), 1.36~1.20 (m, 20H), 0.87 (t, J=6.9 Hz,
6H).

2-(4-(2,7- -9 3 2K 3)-6-(9,9- — T J-
2,7- 3 5:-9,10- AN BE-10-35)-2,3- A -1H-2E

I [de] 5 MEmR-1,3- ZFA (P AA 7): AT,
TE = i AN Ak 6 (1.3 g, 1.6 mmol).
2,7- " JR-9H-H (1.0 g, 3.2 mmol). Cul (91 mg,
0.48 mmol). K;PO, (1.0 g, 4.8 mmol). (18S,2S)-
(+)-1,2- &I O 5E(0.27 g, 2.4 mmol). JIAKE
] 1,4- 57N 50 mL FEANFAE] 100 °C 212 h.
2 — AL EP BR S (Frh, AR B F R )
NV san/Vena, = 8/1), 13 RILLEAFEAK0.93 g, 7=
3 57%. '"H-NMR (500 MHz, CDCls, ): 8.96 (d, J=
7.6 Hz, 1H), 8.77 (dd, J=7.2, 1.0 Hz, 1H), 8.22 (dd,
J=8.5, 1.0 Hz, 1H), 7.97 (d, J=8.3 Hz, 2H), 7.94 (d,
J=1.7 Hz, 1H), 7.79 (d, J=2.1 Hz, 2H), 7.78~7.74
(m, 3H), 7.70 (d, J=1.5 Hz, 2H), 7.67 (dt, J=8.5,
2.3 Hz, 2H), 7.46 (d, J=8.2 Hz, 4H), 7.44 (dd, J=
8.3, 1.6 Hz, 2H), 7.24 (d, J=8.2 Hz, 4H), 7.12 (dd,
J=8.6, 2.1 Hz, 2H), 6.09 (d, J=8.5 Hz, 2H), 2.63 (t,
J=7.8 Hz, 4H), 1.94 (d, J=37.7 Hz, 6H), 1.64 (qui, J=
7.5 Hz, 4H), 1.39~1.25 (m, 20H), 0.88 (t, J=7.0 Hz,
6H).

2-(4-(2,7-W(4,4,5,5-DY F JE-1,3,2- — S 2= 1l
FeIR K -2- 28 ) e M -9- ) TR 3L ) -6-(9,9- - 3-2,7-
TR HE-9,10- AN 1E-10-35)-2,3- A - 1H-ZE I
[de] 5 WEMR-1,3- —AR(M1): GOSN, fE =30
Be A M A 447 (1.0 g, 0.98 mmol). 4,4,5,5-
VY HH 3E-2-(4,4,5,5- 70 3E-1,3,2- SR 2 B 24 30 -
2-3)-1,3,2- A 24 20 5 55(2.0 g, 7.8 mmol).
KOAc (0.77 g, 7.1 mmol). Pd(dppf)Cl, (0.14 g,
0.20 mmol). JIAKEH] 1,4- 5 /NFFAZ) 50 mL I 0
POF 100 °C [ M 12 h. 5 — R ab 345 3% Jim (A
KRS BT SRR Vee/Vea = 15/1), 133
L [E K074 g0 7% 68%. "H-NMR (500 MHz,
CDCl;, d): 8.92 (d, J=7.6 Hz, 1H), 8.74 (d, J=
7.1 Hz, 1H), 8.20~8.15 (m, 3H), 8.03 (s, 2H),
7.88~7.83 (m, 3H), 7.78 (d, J=7.8 Hz, 2H), 7.71 (t,
J=1.8 Hz, 1H), 7.66 (d, J=8.4 Hz, 2H), 7.35 (d, J=
1.3 Hz, 2H), 6.71 (dd, J=8.4, 1.3 Hz, 2H), 5.93 (d,
J=8.4 Hz, 2H), 2.55 (t, J=7.8 Hz, 4H), 1.83 (d, J=
27.0 Hz, 6H), 1.58 (qui, J=7.3 Hz, 4H), 1.38 (s,
24H), 1.35~1.22 (m, 20H), 0.88 (t, J=6.8 Hz, 6H).
3BC-NMR (126 MHz, CDCls, d): 164.34, 164.00,
145.42, 140.74, 138.30, 138.07, 135.53, 133.83,
133.22, 132.52, 131.23, 131.08, 130.98, 130.68,
130.42, 129.77, 128.08, 128.00, 127.24, 126.55,
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126.45, 125.95, 125.81, 123.75, 122.80, 119.94,
116.42, 113.80, 83.89, 36.15, 35.42, 32.65, 32.33,
31.92, 31.74, 29.51, 29.43, 29.32, 24.92, 22.70,
14.15. MALDI-TOF-MS (m/z) calculated for
C;3HgsB,N;Og: 1121.66; Found: 1106.6 [M-CH;]".

(4-(2,7-%(4,4,5,5-VY FH %:-1,3,2- S 20Tl 2%
PR JG-2-J8 ) R -9 J) R ) (4-(9,9- — 3 3£-9,10-—
ST B -10-38) 4% 5 B (M2): 4% B 225 Sk
(1614538 1 7V AT B k.

3,6- 7R-1,2,4,5-VY FH AL X (M3): BT 7E —
SH 55t DCM FITH 2 MeOH 1R R EE Ry 1:2 1 ¥ W
W, EAE T 3,6- IR-1,2,4,5- D0 BRI U
ERGE
142 RHERIHI%

Z WKW E 7T poly (AcBPCz-TMP): 4%
B 228 SCHR[ 1 64038 1) VR AT G Rk

Z 21 poly (ACNICZ-TMP): /<A
FEl'~, 7E Schlenk JiE - in A M1 (0.11 g, 0.10 mmol)-
M3 (29 mg, 0.10 mmol). Xphos-Pd-G3 (4.2 mg,
0.0050 mmol). BRI /KIF (2.0 mol- L, 1.0 mL)
PL & 6 mL PUELIE(THF), 790 °C T [ 32 h.
TN 20 mg ZA R (1) 2 mL [ THE & AT
B df RN 12 he BEE, DI 0.50 mL ¥ F
RN 12 h e, MAE A 1.0 g = AR
REIE RN (=K H 10 mL /K, #412h
JE VWAL KB i BT A ) B (R A
NEAT). FEEUIRE. IEChidhit. B2 TIRsE
IR 1S B L0 8 2 4R [ 4K 90 mg, 7 ZE 91%.
'H-NMR (500 MHz, CDCls, 8): 9.00~8.80 (m, 1H),
8.79~8.56 (m, 1H), 8.39~8.00 (m, 3H), 7.97~7.64
(m, 4H), 7.64~7.44 (m, 4H), 7.41~7.18 (m, 4H),
6.77~6.46 (m, 2H), 6.03~5.76 (m, 2H), 2.67~2.43
(m, 4H), 2.17~1.94 (m, 9H), 1.90~1.73 (m, 6H),
1.62~1.51 (m, 4H), 1.46~1.40 (m, 3H), 1.37~1.21
(m, 20H), 0.97~0.80 (m, 6H). 3C-NMR (126 MHz,
CDCls, d): 164.13, 164.01, 163.79, 163.74, 145.32,
141.69, 141.28, 141.13, 141.00, 138.27, 138.10,
135.48, 135.43, 133.76, 133.60, 133.44, 133.16,
132.96, 132.48, 132.36, 132.10, 131.96, 131.16,
131.01, 130.69, 130.63, 130.34, 129.71, 128.02,
127.96, 127.63, 127.42, 126.51, 125.92, 125.82,
123.75, 122.80, 122.20, 121.95, 120.06, 113.76,
110.68, 36.12, 36.06, 35.40, 35.35, 32.59, 32.47,

32.37, 31.89, 31.71, 29.49, 29.41, 29.30, 26.91,
22.68, 18.41, 18.27, 14.12.

B E T PO10~PO75: 421 S fhk g
IR N X, @A T AE Schlenk i 5 0 A
M1 (0.27x mmol). M2 (0.27x(1-x) mmol). M3
(79 mg, 0.27 mmol). Sphos (5.5 mg, 0.014 mmol).
Pd,(dba); (2.5 mg, 0.0027 mmol). 2% Aliquat 336
(2150 mg). BRI KIFEW (2.0 mol-L™!, 2.0 mL)
PLK 5 mL f#) Tol, 7E100 °C R 6 h. AN &H
35 mg ZRHNER K 3 mL ) Tol ¥ UEEAT 8 sy I S o
12 h. B, A0\ 0.50 mL ¥ 2 T k) o 0 I B
12h. fJ5, IMASH1.0g L3 mfAEIEH
FREN(—=7K) 10 mL /KW, #E 12 hGiHHE
KB W BB 2 B (BRI 8 DCM).
FEETRE . IEC ke, 2T DRI 24
YR 4

P010: ¥ K 5 (021 g, 7= % 87%).
'H-NMR (500 MHz, CDCls, d): 9.16~7.25 (m,
11.4H), 7.24~5.40 (m, 11.4H), 2.17~1.53 (m, 10.6H),
1.28~0.78 (m, 36.2H). 3C-NMR (126 MHz, CDCl;,
J): 194.78, 194.68, 158.04, 146.07, 146.00, 141.89,
141.73, 141.22, 140.78, 139.51, 137.01, 135.52,
134.49, 134.27, 132.75, 132.10, 131.94, 131.75,
129.46, 129.03, 128.23, 127.54, 126.52, 126.33,
126.27, 122.63, 122.52, 122.33, 120.81, 120.61,
120.37, 116.28, 113.85, 110.71, 110.66, 46.03,
46.01, 44.12, 44.06, 31.83, 30.11, 29.37, 29.29,
24.92,22.64,18.24, 14.11.

P025: FEEEEY (021 g 7= % 86%).
'H-NMR (500 MHz, CDCls, d): 9.44~7.25 (m,
11.4H), 7.24~5.39 (m, 11.4H), 2.13~1.76 (m, 6.8H),
1.29~0.78 (m, 40.0H). 3C-NMR (126 MHz, CDCls,
5): 194.83, 194.67, 146.14, 146.10, 146.00, 141.84,
141.73, 141.47, 141.27, 140.78, 137.01, 136.92,
135.52, 134.09, 132.76, 132.45, 132.10, 131.95,
131.88, 131.73, 128.83, 127.54, 126.76, 126.52,
126.35, 126.28, 122.62, 122.34, 120.60, 120.39,
120.33, 114.07, 113.86, 110.65, 110.63, 46.34,
46.03, 45.94, 44.12, 44.10, 44.02, 31.83, 30.11,
29.37,29.29,24.91, 22.64, 18.24, 14.11.

P050: & T &4 (021 g, 77 %K 88%).
'H-NMR (500 MHz, CDCls, d): 9.24~7.23 (m,
15.6H), 7.23~6.00 (m, 7.4H), 2.12~1.91 (m, 6.0H),
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1.33~0.76 (m, 41.8H). 3C-NMR (126 MHz, CDCL,,
J): 193.66, 193.64, 145.02, 144.98, 140.85, 140.70,
140.64, 140.17, 139.75, 135.98, 135.90, 134.49,
133.76, 131.73, 131.08, 130.92, 130.90, 130.72,
128.44, 127.80, 127.30, 126.52, 125.49, 125.31,
125.25, 124.60, 121.57, 121.31, 119.58, 119.34,
112.82, 109.62, 45.01, 43.10, 42.98, 30.81, 29.09,
28.68, 28.34, 28.27, 25.89, 23.90, 21.62, 17.21,
17.08, 16.65, 13.09.

P075: ZL R AW (022 g 7= K 90%).
'H-NMR (500 MHz, CDCls, d): 9.47~7.24 (m,
10.6H), 7.23~4.92 (m, 12.1H), 2.12~1.89 (m, 4.8H),
1.63~0.70 (m, 40.6H). 3C-NMR (126 MHz, CDCL,,
5): 194.81, 146.13, 146.09, 146.04, 141.77, 141.41,
141.28, 141.14, 140.82, 137.17, 137.04, 135.58,
135.51, 134.54, 132.80, 132.14, 131.99, 131.80,
129.78, 128.87, 127.59, 126.56, 126.32, 122.78,
122.56, 122.38, 120.65, 120.33, 113.90, 110.75,
110.68, 46.08, 44.16, 44.05, 31.87, 30.15, 29.40,
29.33,24.96, 22.68, 18.28, 14.15.

2 HRSHR

21 ER5RIE
H— 62 T PO10~P075 H & U 22 tnos

—> %/ -TBS —> N—TBS—> %

Oi |O| iO

BEE PR BAR ML AE H R 6 F12,7- IR
M Ik PR C— NARIC SN, SR S5 B TR A il &
135 FR M2 42 B BRATT 2 RTHRE 1) 7V A RO,
FpR M3 320 S5 45 AR B LT IX s sk
HiRE N Z MR RE], SR Pdy(dba)y/S-
Phos 8% Pd-Xphos-G3 1E Atk &, 1T Suzuki
RE B, BATER T #—B)tE 71 P010~
P075 L\ J 2 W i 73 - R 3 poly(AcBPCz-TMP)
F1H% 6 poly(AcNICz-TMP). HH1, poly(AcNICz-
TMP) T i1 B 249, A8 DY SR IR A o
NS L 58 O (GPC) AT FT A i 43 T 1
B3 53 1 5 (M)A 31 553 A1 (PDL) 73 71 8 15.5~
86.3 kDa#12.33~3.58 (K 1). [[Ilf, Frfa AWM
P R EE 1 T 390 °C (K 2(a)), H.TE 250 °C
DU A I8 28 B s L 84T, R E
AR RAFr#vese .

FIREAR 223, AT LA ZE 54 1 HOMO
FLUMO ReZk . fEIE M A S it i, prf e
31 LI 217 AT 30 PR AR TR AT (B 2(b)). %
T Z 21 poly(AcBPCz-TMP) #ll poly(AcNICz-
TMP), 3 [ FERF 0 e /E N 454k, ik
HOMO fegl 53 AHiT, 73 79-5.40 eV F1-5.33 eV.
{72, 1,8-Z% — FIE Y i bt — 2R 05 F ) LA 5 52
(R332 HLFRE ST, T LUMO BEZM poly(AcBPCz-

C8Hl7 CgHy;

C8H17 C8H17
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0 0-_N_O x=0 Poly(AcBPCz-TMP)
x=0.010  P010
O OO x=0.025  P025
x=0.050  P050
N N x=0.075  P075
=1 Poly(AcNICZ-TMP)
H17Cx C H17 H17C3 CsHy7

Scheme 1 Synthetic route of single white-emitting polymers. Reagents and conditions: (i) TBSCI, NaH, THF, 50 °C; (ii)
t-BuLi, CgH,,Br, THF, -78 °C; (iii) [(n-Bu),N]"F~, THF, 25 °C; (iv) imidazole, chloroform, 90 °C; (v) Pd,(dba);, [HP(#-Bu);]*-
[BF,]~, #-BuONa, Tol, 105 °C; (vi) ICl, CH,Cl,, =78 °C; (vii) Cul, 2,7-dibromo-carbazole, (1S,2S)-(+)-1,2-diaminocyclohexane,
K;3PO,, 105 °C; (viii) KOAc, 1,4-dioxane, bis(pinacolato)diboron, 100 °C; (ix) Pd-Xphos-G3, K,CO;, THF/H,0, 90 °C for
poly(AcNICz-TMP), and Pd,(dba);, S-Phos, K,CO3, Aliquat 336, Tol/H,O, 100 °C for other polymers. Phenylboronic acid and
bromobenzene were used as end-capping agents, respectively.

Table 1 Photophysical, electrochemical and thermal properties of P010-P075 compared with poly(AcBPCz-TMP) and poly-
(AcNICz-TMP).

;Labs a A‘PL b Tp/'['d ¢ QDPL f HOMO/ Mn h Td i
Polymer PDI"

(nm) (nm) (ns/ps) (%) LUMO® (eV) (kDa) (°C)

poly (AcBPCz-TMP) 413, 340, 326, 304 493 26.3/7.1  65.7(97.8) -5.40/-296 659 2.57 392
15.9/3.8

PO10 414, 340, 327,304 492,590 49.8 (56.2) -5.39/-3.04 787 233 389
24.2/5.44
13.6/2.8

P025 414, 339,327,304 490, 591 28.8 (47.7) -5.42/-3.00 86.3 3.58 389
23.2/5.0¢
10.2/2.0

P050 413,339,327,304 486, 603 18.7(31.8) -5.37/-2.97 50.0 238 393
22.5/4.74

8.1/1.4
P075 414, 340,237,304 482, 602 2.6/41 4 83(19.1) -5.32/-297 62.0 2.65 3%

poly(AcNICz-TMP) 496, 353, 330, 306 624 16.9/1.1¢ 3.5(7.0) -5.33/-3.43 155 283 426

“Measured in toluene solution (10> mol-L™"); ®Measured in neat films; 7, and 7, are the prompt and delayed fluorescence
lifetimes estimated from the film transient PL spectra detected at 490 nm under argon atmosphere with an excitation
wavelength of 375 nm; 9 Detected at 600 nm; ¢ Detected at 624 nm; fAbsolute PLQY measured in neat films and in 15 wt%
doped mCP films (in bracket) under nitrogen atmosphere with an integrating sphere; HOMO and LUMO energy levels
estimated from the onset values of the first oxidation and reduction waves in the cyclic voltammetry curves; " Calculated from
gel permeation chromatography with narrowly distributed polystyrene as the standard sample; ' Decomposition temperature
(defined as the temperature at which the remaining mass in the TGA curve is 95%).
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Fig. 2 Thermogravimetric analysis (a) and cyclic voltammetry characteristics (b) of P010-P075 compared with poly(AcBPCz-

TMP) and poly(AcNICz-TMP).

TMP) 1] -2.96 eV [ ik | poly(AcNICz-TMP) [
-3.43 eV. X T H—BHtmE 7 1 PO10~P075, T
LY K W TADF .6 AcBPCz (55 £ %,
M #% 9% TADF . 7C AcNICz [ HL 9 A i 7.5%,
HE AT AR B H 2R ALK W% /R 4 F poly(AcBPCz-
TMP) [ AL PERE, A7 HOMO FII LUMO fig 2
53 N=5.32~-5.42 eV F1-2.97~-3.04 eV.
2.2 eIBlEE

B 3(a) F1 3(b) 73 Al 45 H T i 4 F RV
18£8 b -] DL IR WAL ' Bl R JBOR 2 TR IR EUR
(PL)JGHE . #HALTZ & 7 1 poly(AcBPCz-TMP)
F1 poly(AcNICz-TMP), H.— [ % 43 F P010~
PO75 2 3L 34> 0] WL Wi fi7 T 400 nm LA
TR g R B EREE AL, R TADF Hot
AcBPCz F1#% . TADF H.51 AcNICz H) 7-7* Fll n-7*

(2) —e—Poly(AcBPCz-TMP) —a— P010 —=— P025
—e—P050 —o—P075 —o— Poly(AcNICz-TMP)

1.0 &

Absorption intensity (a.u.)

300 500
Wavelength (nm)

600

700

AEWL ST A7 T 400~480 nm 22 7] (%5 55 T Uiz g
K H s i AcBPCz H [ LA B (CT) IR A
T 480~600 nm . [1] [ 1% 55 W W 0k H AR & &
AcNICz H 1 CT Wit . 52 X R, P0O10~P0O75 3
ST R R, BREB IR IV & S s T
poly(AcBPCz-TMP) I poly(AcNICz-TMP) ] PL
itk a2, PO10~P0O75 H ) K W e &6 45 ok
H AcBPCz H.70, f KK S5 482~492 nm!'];
P73 K H AcNICz $G, e KR IR 590~
603 nm1. J\P010 £ PO75, [ 5 TADF ¥t
AcNICz & &3, AcBPCz Al AcNICz 2 [a] (]
R A AR, 45 R IR S IE k5
MRS 6 R SB35 . b Ak, B0 s oo A 28
T R G E KR, AR E TR
PO10 1 49.8% 1w T [ %2 PO75 [ 8.3%.
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Fig. 3 Photophysical properties of P010-P075 compared with poly(AcBPCz-TMP) and poly(AcNICz-TMP): (a) UV-Vis
absorption spectra in toluene; (b) PL spectra in neat films (Inset: enlarged CT absorption band in the range of 390-600 nm).
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N T BRI M RE RS, R A 5l
BEE N 490 F1 600 nm (X M. K ¥ Y TADF . T
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MR T PO10~PO75 TEGR &M T MBS e e il
(E14). NE 4T LAE H, MHT RES S
¥ poly(AcBPCz-TMP), P010~P075 7 490 nm 4t
(1) %E 38 %< 6 20 43 B R sk /b . 4 8 ¥ TADF 2.t
AcNICz [ 5 M 1% B3 I £ 7.5%, ZEIR 2
GrBEZ B, AHREIR 5t A3 i AL PO10 1) 3.8 ps
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TADF #.56 AcBPCz |15t TADF . 5¢ AcNICz [
e . JFH e Z MR R EBIEE T
L AcNICz 1) & &k A1, LASZEl AcBPCz fll
AcNICz [P [FI B A5, B SEil Bk . [FIRS, A
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7E 600 nm Ak IR REIR ¢ S 2H 43 BH W3 I, i — 20
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Fig. 4 Transient decay spectra of P010-P075 detected at 490 nm (a) and 600 nm (b) compared with poly(AcBPCz-TMP) and

poly(AcNICz-TMP).

2.3 ERUFIERE

N TR — 2T PO10~P075 1 FELEL
RIGELERT, 4% 7#n LA OLED, #ff
4599 1TO/PEDOT:PSS+PFI (40 nm)/EML (50 nm)/
TSPO1 (8 nm)/TmPyPB (50 nm)/LiF (1 nm)/Al
(100 nm). H 1, PFI&1fi ) PEDOT:PSS 1 A %5
JENE, TSPOLE N2 XY Z, TmPyPBfE
NS, LIFTENRFENE . FR, Aot
JZ(EML) H B — 68431 PO10~P075 BL 15 wt%
(R FE 5 2 7E E AR M B mCP A % . X 2,
FAEA L, BT RE T RRA T NIEE
IFRTHER D).

Bl 5(a)~5(d)r st T 2T BUR 61
LI 25 B - L R - I 4. AT AR (EQE) M
HL I 243 (CE) BA K Tl 38 34086 (PE ) i 272 FE 1 A2 44 it
2k, RS FR 2. AR LA,
TADF 550 AcNICZ 51N, LA SO 2 (1)
LRI i1, S EP010~P075 L HLH AL
FLJL L - L I 2R (18] 5(a)). (2, FEAH R A SR 3N
BN, SEREREA AcNICz & & A48 b i i i %

fiC. T H, #FRR5EE A PO10 [ 8745 cd/m? i
5 Yk /b 21 PO10 ) 3636 cd/m? (& 5(b)). 3 1
B E PRI M. 52X,
BRRAMER TR I K I RCR A KT R AR
73 5 M PO10 ) 6.4%+ 16.8 cd-A~1 F1110.6 Im-W-!
W/ B PO75 Y 3.0%. 5.4 cd Al A1 3.7 Im-W!
(K 5(c)~5(d)).

W 5(d)fia, PO10~PO75 [ B3R et it
MPLOYGIESRAL, FIFEEA AcNICz & &4 .
B4 ACNICz F g N, EALFR M PO10[1)(0.32,
0.50)1% #7 #% 5 2] PO75 [11(0.47, 0.44). A2 ¥,
PO10 S8 1 ¥4 GRS, AH R 2 s $5 5 CRI A
3 CCT 23 5 A 58 AT5910 K (£ 2), & & A
INVAZE F o) BERER SR I TR
. PO75 SLHL T IR OGRS, AR R R 15 3L
CRI AR CCT 4354 87 #2797 K, & & HIAE
Bib a7 46 T AT O IR R A R R BORA £ 0 1)
iﬁ,ﬁﬁ[25~27]‘

HAREER R, PO10~P0O75 G IG5
B RIE 1%~7.5% 2 (8], ML ATfkiE m s —A
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Fig. 5 Device performance for PO10-P075: (a) current density-voltage-luminance characteristics; (b) external quantum
efficiency as a function of luminance; (c) current efficiency and power efficiency as a function of luminance; (d) EL spectra at

1000 cd'm™2.
Table 2 Device performance of the single white-emitting polymers P010-P075.
Maximum value/at 1000 cd-m™
Device Von® Lo CE¢ PEd EQE® CIE! CRI¢ CCT! (K)
V) S Ay W) o) ()
P0O010 3.6 8745 16.8/15.0 10.6/7.2 6.4/5.7 (0.32, 0.50) 58 5910
P0025 3.6 7560 12.8/10.8 7.6/4.7 5.2/4.4 (0.35,0.48) 68 5297
P0050 3.6 4558 7.5/5.7 5.5/2.3 3.7/2.8 (0.42,0.45) 81 3733
P0075 3.8 3636 5.4/3.7 3.7/1.5 3.0/2.1 (0.47,0.44) 87 2797

2Turn-on voltage at 1 cd'm=2; ®Maximum luminance; ¢ Current efficiency; ¢ Power efficiency; ¢ External quantum efficiency;
fCIE at 1000 cd-m™2; ¢ Color rendering index at 1000 cd-m2; ® Correlated color temperature at 1000 cd-m™2.

gy PN T 1~2 AR 2122, 01X ] e 2
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=4 T poly(AcBPCz-TMP) i) & 5 2 [] ) 1%
2 55(3), fE—E R Ll £ K #E % TADF
¥ 75 AcBPCz 3|18 TADF #. 76 AcNICz ¥ fiE &
R G, AT AL, RREERRT R —
BT HRRKEK R AR, RAARTRRE
Ik R PR VR R )

3 ZEig

5T TADF /Ny TEHER &4 T 3T R
M, R A AcBPCz {F & K # )t TADF H JG
AcNICz { y#5 ; TADF #.oe il TMP 1 3 3
JC, Wit E T RYHR— B E ST PO10~P075
i 4% ACNICz [ & &, 7 LLSEZHLA AcBPCz
F| AcNICz I 7y Re i #e, BAFTA R — Dk
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Abstract Based on polymerized thermally activated delayed fluorescence (TADF) small molecules, a series of
single white-emitting polymers named P010-P075 have been designed and synthesized by using acridine-
benzophenone-carbazole (AcBPCz) as the sky-blue TADF moiety, acridine-naphthalimide-carbazole (AcNICz) as
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the orange TADF moiety and tetramethylbenzene as the linker between them. After a modulation of the AcNICz
content in the range of 1%-7.5%, a part energy transfer can happen from AcBPCz to AcNICz. Consequently,
P010-P075 all display a dual spectral profile in the photoluminescence (PL): the sky-blue emission peaked at
482-492 nm is from AcBPCz, while the orange emission peaked at 590-602 nm is from AcNICz. And the ratio of
sky-blue to orange emission together is found to be decreased gradually with the increasing content of AcNICz.
The corresponding solution-processed OLEDs achieve a bright white electroluminescence (EL), revealing a
maximum current efficiency of 5.4-16.8 cd-A~! and a maximum external quantum efficiency of 3.0%—6.4%.
Noticeably, the EL is obviously dependent on the AcNICz content, consistent with the PL counterparts. Ongoing
from PO10 to P075, the Commission Internationale d’Eclairage (CIE) coordinates are shifted from (0.32, 0.50) to
(0.47, 0.44) and the correlated color temperature (CCT) is reduced from 5910 K to 2797 K. The obtained cold
white EL for PO10 and warm white EL for P75 are believed to be applicable for different lighting scenes.
Keywords OLED, Thermally activated delayed fluorescence polymers, Single white-emitting polymers,
Polymerized thermally activated delayed fluorescence small molecules, Emissive color



