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FEE I FH W AN g 43 BE N HE 45 AN B 7 32 4%, 83T Buchwald-Hartwig A1 Suzuki {8 N RS & B T —Fh#k
AL IEIR TG HE AT R pPBPXZ. %2 R BIAE TSR 7R, pPBPXZ 43T Hh Wy Wik Arnas i 45 ¥4 B4 50 0] Y —TH] A 23T 90°,
T /N 45 ) B0 5 TR 38 2R R R) 1) T AR RIT 0°; pPBPXZ 1145 e HL T o H8 LT 32 B2 5 A A2 Wy W IR 25 1) BT
b, RARH TR GHE EE A AIEE AR b, RS FRIE R RN EE. (E A REMZE RN R
B, pPBPXZ B A mii ek = Re e YERI AR E M. 75 2RI, pPBPXZ 1 360~495 nm R 1 BH 2 1140+ A HL faf
R WI, =& GBI 535 nm. ARGERIR(77 K)PERBL LR, 15152 pPBPXZ KR BUR B B S Ay
R = EARREI AN 2.57 eV F 2.48 eV, BERZE(AEs)(N 0.09 eV. FIF pPBPXZ {E AR N ERMAIB AR, il
H T SRR O BUR AR, 23R ST B 552~560 nm, f K HLIR R . THRBERASME T3R5 BliE B
T 49.9 cd/A. 49.0 Im/W F 15.7%, T H K 63025 pPBPXZ 544K FE s /.
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A Novel Yellow Thermally Activated Delayed Fluorescence Emitter For
Highly Efficient Organic Light—Emitting Diodes

Wang, Zhigiang” Cai, Jialin” Zhang, Ming” Zheng, Caijun*" Ji, Baoming**
(“ College of Chemistry and Chemical Engineering and Henan Key Laboratory of Function-Oriented Porous Materials,
Luoyang Normal University, Luoyang 471934)

(% School of Optoelectronic Science and Engineering, University of Electronic Science and Technology of China (UESTC),
Chengdu 610054)

Abstract A novel yellow thermally activated delayed fluorescence emitter pPPBPXZ was successfully synthesized using
phenoxazine as electron-donor and pyrimidine as electron-acceptor by Buchwald-Hartwig and Suzuki coupling reactions.
Density functional theory calculations show that pPBPXZ has highly twisted structure with the dihedrals of nearly 90° be-
tween phenoxazine and pyrimidine units, while the dihedrals between benzene ring and adjacent pyrimidine rings are almost
0°. The highest occupied molecular orbital (HOMO) is mainly confined on two phenoxazine segments, the lowest unoccupied
molecular orbital (LUMO) is mainly located on the central pyrimidine and benzene segments, and there is only a slight over-
lap between HOMO and LUMO. Cyclic voltammetry investigation show pPBPXZ has reversible redox process, and the
HOMO and LUMO energy levels were estimated to be —5.43 eV and —3.23 eV, respectively, from the onsets of oxidation
and reduction curves. In diluted toluene solution, pPBPXZ exhibits the absorption band assigned to intramolecular
charge-transfer transition and yellow fluorescence with a structureless emission peak at 535 nm. From the onsets of the fluo-
rescence and phosphorescence spectra of pPBPXZ in 2Me-THF at 77 K, the lowest singlet (S;) and the lowest triplet (T,)
energy levels are calculated to be 2.57 eV and 2.48 eV, respectively, and thus AEsy is only 0.09 eV. The doped electrolumi-
nescence devices using pPBPXZ as guest emitter were prepared by vacuum evaporation method. These devices with doping
ratios (w) of 6%, 11%, 16% and 23% show yellow emission at 552~560 nm and low turn-on voltages of 3.1~3.3 V. The
device with a doping ratio of 11% exhibits the highest maximum forward-viewing efficiencies of a maximum current effi-
ciency of 49.9 cd/A, a maximum power efficiency of 49.0 Im/W and a maximum external quantum efficiency of 15.7%
without any light out-coupling enhancement. Particularly, the efficiencies of these devices are not sensitive to the doping
ratios of pPBPXZ, which would benefit the further practical application.

Keywords thermally activated delayed fluorescence; organic light-emitting diodes; yellow emission; pyrimidine; phenoxa-
zine
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HHLEBUR G 88 F(OLEDs) B A IR S FEL AR . i 3
WP, WA, . R, R, R
W2, AEAF AR s AN 25 e I BoR %2 31 T
JUz oeiE! O S R R A FE OLEDs A N F A
PR, B5¢5% OLEDs HAEF MR = AL B 25
B RO, FETZRRIMEHE OLEDs s KELR I &
TR 25%. B HIEBHGLE SR A NE =
X OLEDs KtA k. B4 8 & T her=E W W 1) | -5
G, PR =S EASNM KR ESRES, fEME=
AR B RS BT AN 52 AR5 R f1], Afi =2k
HEBOL; Bk, #6 OLEDs B AWk ik =
A B B E SN = AT AR N AT L, RN
TFRUEN 100% P SR1T, il #% i R OC R R
Frms B E R/ Bt WA R, SRk, BRET
I & R B &M BHE OLEDs H (1) R H.

HAER, AT AR = B 4G LA A
BIHHT TIRR, SHFEHGELIEIR % 6(TADF)M R, =&
A= H AT K (TTA)RRE L K J5) 455 47 3% % - A UK
BHLCT)M RN b TADF #RHR JE G A IRGE,
CLA OLEDs AWtk frIRF 78 #2431 TADF A1k —
BRI (D-A) B T 550, MR I s T PR pE
(HOMO) A A LT oK 5 BLIE (LUMO) 73 B4 F LT 457
KR T 3248 b, PR IE SR D, X Rl by fli 15
TADF MR BARBOR 5 B A (S) M AR R = FEA(T)
[ BE R 22 (AEsT) BUN—H/NT 0.3 eV), MBS+
W ABE T LK T, B4 I R 1A B R (RISC) L F2
AN S, BT, FE RS RE A e [A,
$T TADF #EH OLEDs o BEM ¥t sl R 7 A ) 2 8
A= ERE A AT L.

HOEA BRI AEY K OLEDs s, fi R UR
HER. EE, M HAERCA B EHE % 1% OLEDs,
7 7] 25 W8 BA AT L A = B A AR s by
12 I I 23 A N FEL T AR L 7324k, Wit AT
—Fh % TADF #18 pPBPXZ. %A1 EH AEsr A 0.09
eV, KHHEHEA W B TADF $#iF. FIH pPBPXZ 1N
BB MR T m BRI S OLEDS (Jaax =
552~560 nm), #FFH 5K HBERRE(CE) ThEA%E
(PE)F4M T 302 (EQE) 73 Ak 2] T 49.9 cd/A. 49.0
Im/W F115.7%, T H &K 6805 52 pPBPXZ (145 4RI FE 52
M 5 /).

2 ZER51118
21 EH5E%W
H bR &%) pPBPXZ B4 s e X 1 s, DA

2--5- B NE (1) 5 W KRR () 1R et JERt, IR =&
[A1f) Buchwald-Hartwig {5 S B & b (874 3; A
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Y 3 PSR R (4) K E Suzuki EEER S, BIFSH]
pPBPXZ. Hirtb &) pPBPXZ (45KiEE '"H NMR.
C NMR PAJ RS BEAT T RAE. 75 EE v R A %
AT, IATH IR pPBPXZ fif 13— A 4lifk.

H
CL0 O
O
N N
|——<i: Y—ci 2 c— :j>F—N o)
=N Pd(OAC),, P(t-Bu)sHBF, N= @

1 Tol, 95 °C, overnight

(HO)2BOB(OH)2 3

4

Pd(PPhs)s, KoCO3 (2 mol/L)
Tol/EtOH/H,0, 90 °C, overnight

Q N N= Q
§ )N
& &

pPBPXZ

ER1 L&Y pPBPXZ M4 B4k
Scheme 1 The synthetic route of pPBPXZ

FIF Gaussian09 F£/5 1 B3LYP /1%, % pPBPXZ
AT T2 E 2 A (DFT) M & I %5 32 ok #ie
(TD-DFT)it%, C+ H. N, O S F¥H] 6-31G*3E4]. DFT
THEAF 20 1) pPBPXZ SLARSE I FIRTVE 70 FHaE an i 1 fr
7K. pPBPXZ 0 ISR IR 50 4J8 1 9 A 18 g A8 ] Fr) — T
FFEIT 0°, ZH MR —A m FLHEIR R, 10y ER 45 7 5
JCEWERE SR LT EAHEE, ZEM AN
89.9°. pPBPXZ [f] HOMO = ZL 5y A7 {1 Wy WER 45 1 5ot
F, LUMO 45l 3 % 43 A0 75 W8 g 3R AR BR b
TD-DFT 515 3] pPBPXZ ] S, Al T, BE 7 A 2.18
F 2.17 eV, AEst N 0.01 eV. M E 4B ] HOMO.

o3 o 29 oo (*
ﬁ‘i‘i.* S *}3

Stereostructure

F 2,
d.,
cm

LUMO
8008
HOMO

Bl 1 S pPBPXZ [MALAARLE AN 43T i
Figure 1 The stereostructure and molecular orbitals of pPBPXZ
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LUMO MEHEH /NI AEsy BWRFE pPBPXZ W fig st —Fhs
R ) TADF #4}
22 BUFHEESHRREN

TEIRAR 2(CV)MRSE R EIR, pPBPXZ L4
1 R R PTI (E 2), BEZAE YR RIFH
th2Efa e . ARME RS I A4 AL TH 515 8] pPBPXZ (1)
HOMO ReZ A —5.43 eV; 454 pPBPXZ WIS (134
WS K (543 nm) it 4 H LUMO RN —3.15 eV, iX—45
R ERE L JFE AL A2 LUMO feZ(—3.23 eV)
FEAHH 2; HOMO 5 LUMO [A] ) e 2 #(2.28 eV) R BT
FOR PG, RE T (TGA)E W], pPBPXZ HAT Ik
e, RSB TR FRIR (T, RE 5%)ikF|
7 451 'C (A S1). #£ pPBPXZ [HZ /A EH(DSC)
MR, BAME R B TRIR, WHZEAEY A
A RIS ENE. & B 22 A8 8 YEA e e A
B T4 R BUROG A 1 B Ao AN Z3

0.008 /a

0.006 1

0.004 +

0.0024

0.0004

Current/mA

-0.002 -

-0.004 -

-0.006 T T T Af— T T
-18 16 -14 1.2 1006 08 1.0 1.2

Potential/V

B2 {L&Y pPBPXZ Iy CV HliZk
Figure 2 The CV curve of pPBPXZ

2.3 eynBitae

&) pPBPXZ TEH ZRIEWH . iR FM FHE
Hh=] LIRS B AR s 3 pR. ERRIOE
W, BN T 360 nm (1) 5 9 I UACHT (Amax =320 nm)N
- AT I Amax =419 nm IS AT U@ v A LT
25 A Wy W 38 H - 52 A E 1) 431 P9 HL A 7 F% (ICT) R
iT. pPBPXZ 1EHRIEH RSB E, KOG ILE
535 nm. R4 77 K RE T 2OBRB Lk ik
(K S2), i+515%5] pPBPXZ ) S, F1 T, 684240 5IH 2.57
eV A1 2.48 eV, 1] i, pPBPXZ [f] AEsr {¥ ] 0.09 eV, itk
/NRIRER Z BRE LA S RS & TADF
oy, SRR S o, R IR AR AR KR FE PRI
pPBPXZ 1)k 58 FE (K S3), X Ui Bk = B AN
pPBPXZ 1R S A B TR, N T UESE TADF [WAF1E,
AT pPBPXZ LA 1% EIRE(W)BAAE 4,4'-(9-IF
MR (CBP)E A, MR T AR B R bR A%
JTEIR. 45 TR, pPBPXZ I E IR S E ahib
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29(9.24 ns)MIRPZ0(21.62 ps) P Fh a1 KRG 4y,
R i 2 G e BRI Ok, T KT A 2 4 R SR
BT =ER TR0 bR E T &,
pPBPXZ LR 56 H 7 W B 9R (Kl 4), XUESE T
pPBPXZ HIIEIR %N TADF, MAE TTA. £ 1 X
pPBPXZ )& TG FE A e 2 4.

1.0
Abs

0.8 / PL

0.6

0.4

Normalized intensity

0.2

0.0

300 350 400 450 500 550 600 650 700 750
Wavelength/nm
B 3 k&4 pPBPXZ £ H I 4R AN 5 6 80k 6 i

Figure 3 The absorption and photoluminescence (PL) spectra of
pPBPXZ in toluene solution

10*+
300 K

> 10°-
G 200 K
o
£ 10°;

10" 3

10° . T . . . . .

0 100 200 300 400
Time/10° s

B4 {LEY) pPBPXZ £ CBP iR AN R BE T %5 6 ik ith 2k (%
HWK N 300 nm, By 535 nm)

Figure 4 The temperature-dependent transient PL decay curves of
pPBPXZ in CBP film (Excitation wavelength was 300 nm and measure-
ment wavelength was 535 nm)

£ 1 pPBPXZ [tiE v e 4R
Table 1 The photophysical data of pPBPXZ

)LAbs/ }LPL/ Sl/ T]/ AEST/ HOMO/ LUMO/ ‘L'p“/ ‘L’db/
nm nm eV eV eV eV eV ns Us
419 535 2.57 248 0.09 —5.43 —3.15 924 21.62

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Lifetime of prompt fluorescence; * Lifetime of delayed fluorescence.

24 BHANXMEE

FIH pPBPXZ 1E N KGIZEARB I EL, 4% T 45
#J N ITO/TAPC (35 nm)/TCTA (10 nm)/CBP:pPBPXZ (20
nm)/TmPyPb (40 nm)/LiF (1 nm)/Al ) PURH LUK e 2%
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PF ITOCEALAR ) AN LiF/AL 23 5 N BH AR AN BA #2; TAPC.
TCTA. TmPyPb fil CBP il HEZ /&2 T
PiZE BTAERERUROGZ EEMEL, MoRtES il 5
Jiizs. fE284F 1. 1. III. 1V, pPBPXZ [ E45 44k
FEW) BN 6% 11% 16%. 23%.

TCTA

B5 TAPC. TCTA. TmPyPb Fil CBP [ 14544
Figure 5 The molecular structures of TAPC, TCTA, TmPyPb and CBP

251 T UL pPBPXZ 1E N R I 2 B ARM L DU A
HEUR FG(BL) 28110 = RS, Wi 6 Fiow, #
pPPBPXZ BARIREEIN 6% M2 23%, HEBUKIEHIEN
KA TR, 248 1L 11 L. IV RSG5 RAr
F 552 nm. 552 nm. 556 nm Al 560 nm, i%ZLF N2 H
pPBPXZ 4TI A AR BI R, DURhER R8T B A5
B EEVe=231~33 V), HIFJE HER
pPBPXZ 15 2 V4 & 3 i B A (B 7). 1) 4% 1) DO A A4
BRI T ERAE, pPBPXZ BIIKE N 11%HT,
#F EL RCR AR, SORKHIACR(CE) I RIIRE
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(PE) Al KAMNE TR0 (EQE) 7 A £ T 49.9 ¢d/A49.0
Im/W 1 15.7%. 11 H., #84F & O6REENT pPBPXZ B4Rk
FERBIURK, JEH R 6%~ 16% K T A, 2R %
pPBPXZ 5 447K & R AR /N (B 8), S X A4 Ak 1 S s i
e A .

1.04 —— Device |
— Device Il

0.84 Device Il
—— Device IV

0.6+

0.4

Normalized intensity

0.2

0.0+

460 560 660 760 800
Wavelength/nm

6 #efF1. I, I A1 IV (B8R L

Figure 6 The electroluminescence spectra of devices I, 11, III and IV

F2 OB 0L TURIV A REUR O RERE
Table 2 The EL performance data of devices I, II, III and IV

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

. Vona/ jvEL/ CEmax/ PEmax/ EQEmax/
Device CIE,,, o )
\Y% nm ’ (cdA ) (Im'W ) %

I 33 552 (0.40,0.56) 49.6 47.4 15.5

I 32 552 (0.41,0.56) 49.9 49.0 15.7

111 32 556 (0.42,0.55) 46.2 44.6 15.1

v 3.1 560 (0.44,0.54) 43.1 423 14.1

“Turn-on voltage measured at the luminance of 1 cd/m”.
10°
—=—Device |
10*4 ——Device ll 300 «
Device Il §
N 1 .
\ 31 ——Device IV <
=103 L200 £
he] <
S =
= 2 .
8 1073 - g
§ 100 2
£ 10'4 5
2 5
10°4 ©
-0
T T T
2 4 6 8

Voltage/V
B 7 #e0F 1. 0. IO AD TV R ER 3 38 R — v R B i 4%

Figure 7 The current density-voltage-luminance characteristics of de-
vices I, II, III and IV

3 g

1) FH W3 W g s - ) A S R 25 R R - 52 A
I AR T — M G TADF #18l pPBPXZ, %4k &
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—v— Device IV

External quantum efficiency/%

1 T T T
10° 10’ 10 10° 10°*
Luminance/(cd -m'z)

B8 #fF 1. I ORIV MR- S0 B i 2%
Figure 8 The external quantum efficiency-luminance characteristics of
devices I, II, IIT and TV

YR E AR E AR L R R e . BT R OR,
pPBPXZ ] HOMO F 4 AifEwyHEmR 45 5ot |, 1
LUMO F Z A WA nE AR IR b, P 43 FHUIE L
HIR/NHHESZ. BT pPBPXZ LB T HOMO 5
LUMO HJEAHS &, H AEsr N 0.09 eV, Fiie T
TADF M EHPEEK. iR &M T, pPBPXZ 7£ H R E W
B THER ICT W 5 (A =535 nm).
o A5 R Pk 45 SE 5L T pPBPXZ =R KA
AL BRI S AIIE IR OGR4 7. DL pPBPXZ 1N
RICERERBEMEL, $l&H T m3Cee e iUk
B, BREBCRHRACE . R CR AN E TR
IEF T 49.9 cd/A49.0 Im/W F 15.7%, T H.2844 K 634
52 pPBPXZ B IK FEZ IR/, U BZ M R A B
1) S s I FHANME.

4 EES

41 MREM
4.1.1 1bodh 3 894

H 1.45 g (6 mmol) 2-5(-5-ALEEHE . 734 mg (4 mmol)
WylEEE . 768 mg (8 mmol)FU T B#4H. 44 mg (0.2 mmol)
FEERAR . 174 mg (0.6 mmol) = FU T i IU & R £ A1 30
mL AR 50 mL B, BRI KT 95 C
IR 12 he 5 OV IRA E 2w i, R Ll g,
JEVRFH e e 28 A ST, BB B W A A = i R 4t
TR — G e A S R VR A VR (R )
VCREMEN=1 : 3], BEIEEARAR M 652 mg, =%
9 55%. '"H NMR (600 MHz, CDCls) §: 8.72 (s, 2H), 6.78
(d, J=4.2 Hz, 4H), 6.71~6.67 (m, 2H), 5.94 (d, J=7.8
Hz, 2H); “C NMR (150 MHz, CDCl;) §: 162.80, 160.16,
144.01, 133.73, 132.69, 123.51, 123.01, 116.32, 113.06.
MS (EI) m/z: caled for C4H;(CIN;O 295.05; found 295.27.
Anal. caled for CH;(CIN;O: C 64.98, H 3.41, N 14.21;

Acta Chim. Sinica 2019, 77, 263—268

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

found C 64.87, H 3.40, N 14.25.
4.12 pPBPXZ #9146

426 mg (1.44 mmol) {54 3.120 mg (0.72 mmol)
X2 —HER . 116 mg (0.1 mmol) VY (= FEEH)H. 10 mL
F2E .5 mL Jo/K ZEEAT 2 mL K EE A 2 moleL ™' ) K,CO;4
KK 50 mL Belffih, AR %4 T 90 C
FIR R 12 he £ N RA HI B =06, AR B,
AR IEK MgSO, 118, SR 5 F el 28 KAV T,
PRTR AW AR E TR, eyl — & H e F T g
BAEBRVCE TR vtamEhH=1: 3], BEEA
AR 5 174 mg, 723N 41%. 'H NMR (600 MHz,
CDCLy) d: 8.91 (s, 4H), 8.70 (s, 4H), 6.80~6.74 (m, 8H),
6.68 (ddd, J=7.9, 7.0, 1.9 Hz, 4H), 6.05 (dd, J/=8.0, 1.3
Hz, 4H); *C NMR (150 MHz, CDCl;) J: 163.24, 160.39,
145.63, 144.02, 139.04, 133.23, 132.63, 128.88, 123.48,
122.58, 116.12, 113.08. MS (EI) m/z: caled for C33H,4N¢O,
596.20, found 596.45. Anal. calcd for Ci;gHxuNgO,: C
76.50, H 4.05, N 14.09; found C 76.41, H 4.03, N 14.04.
4.2 BEANXSFMHIHIRSMEENH

¥ 1TO BEFSHEE (15 QKK TE /K CBE AR 2%
HT/KBAEYE 5 min, A5 120 CHAF, SE %M
BEGE VR 10 min, B &ME TR (5X 1074 Pa), B2
TEEVEE 2 BB S AN, BPEE N 1~2 As;
SRIG, Z549% LiF A1 Al HIARJZ, ZR8EE 78 1 Als Fl
10 A/s. HIEUROLHE . S2REAN CIE H PR650 YL G AL
TN RE, HEL IR S R EEL ] Keithley 2400 2 S A2
OGN E. SAF I REM Y v AL, R, W
JEFI SR AT

WA A THERAE DL R AL G AR B 0 S RF

{& . (Supporting information).
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