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Abstract: Organic red emitters have attracted significant research attention owing to their promising applications in
panchromatic display, biological imaging, and fluorescent probes. Herein, a fluorescent compound DBPAP was de-
veloped by introducing electron-donating group diphenylamine derivative at the positions of 3 and 6, and electron-
withdrawing group pyridine at the positions of 11 and 12 of dibenzophenazine core. Its chemical structure was charac-
terized and confirmed by elemental analysis, nuclear magnetic resonance spectroscopy and mass spectroscopy. Spec-
troscopic results showed that the addition of the poor solvent water to the tetrahydrofuran solution of DBPAP caused
obvious aggregation-induced emission (AIE) phenomenon. Based on its efficient red emission in solid state, LED de-
vices based on DBPAP doped PMMA were fabricated. The devices exhibited a red emission at 644 nm with Commis-
sion Internationale de I.” Eclairage coordinates of (0. 58, 0.35), and a maximum brightness of 1 616 ¢d*m™ at a 3. 8

V work voltage. This work provides a promising strategy for developing solid-state red emissive organics.
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(AIE) JF 38 17 4 F 45 K9 B v ik i e b 38 (]
(A R I ATE B & B B el R AR R e R
RN VR L (7 e R ¢ R A R D R S o | =
FEAERE T FNB s i R SR R ZE D
Bl PR B A5 R 4R R AE 09 O SRR HL M oy T AR
EERESTH AT FNB2ZHR, HMES
RE f T 22 b LA S IR A T 3 0 [l ) 3L S, A
117 26 B0 H B 2 ) ATE R4 i FE 4y T 454
TGN G Y DU R 2 =R AR ALE Sk
M, C A R EA T A St gk
SRR, T B ATE PR A9 AT HLLT e A R B #
AR H AT R R

TORFF W R — R T A2 A O A
HoF458 L5 AR R A9 B 45 1R R =z 44, mT LA
PH 5 R I W R 2 HIL A G A R R R B
FEC A 0T 2R I wy e R AT 08 1 i el v, 2R
LI GIA—ANGHETFIRE EH 1, 124
I AP H AP ST, AR SCH A R
Wk 3,6 7[R i 5| A 45 L 3% A1 2R e fis A2 W)
My ATE BE P, 78 11, 12 4 [8) i 51 A i i o F
— LB TR, A M T — Mk & Y DB-
PAP(E 1), BF55 % L, DBPAP 7E DU & 0k i /7K TR
VR Z P BEAS R R K B o R 2 B SR Y
AIE L% o 2 BN & W KR 3 kK b 640
nm B 4006 . K B 2 5 PMMA il & T 400k
LED ##F. 7£3.8 V TLYEHLE T3k TR K& H

%K H 644 nm | CIE A& F5 4 (0. 58,0. 35) . fix K22
BER 1616 cd-m> B 2eEPERE .

2.1 EH

S R R A2 S AT -4, 5- IR IR T ik
WE-4-BJ IR DU (=B ) A0 AR ER AR .3, 6-—1R-9,
10-FF B 4,47 - F UL R e ORUCT BN = (2
P 55 TR R ) AR —R0T R g D R R R . i
FUA :1,4- S IE T BEE CH 2R &l W
(DCM) . PUE W (THF) . Z R Z B (EA) .
2.2 MR ER

K H JC # 4 0 LB g 3k 4R B ('H NMR
FBC NMR) BT 3 4 0 G B A6 & W0 89 o 1 4
¥ o W G 3 PR % 3% i VNMRS 600 MHz #% fif
AR % 3% { 5% Bruker AVANCE I HD 400 MHz #%
T 3 % D 3 A A5 . HONMR IR 3 4R 5 R o
400 MHz F1 600 MHz, “*C NMR Il i 3£ 4% 45 % Ky
101 MHz, Lk P9 B 3 6 B (TMS) i N A5, S AR AR
P53 (CDCly) 3G AR = F 3L 7 0 ( DMSO-ds) kI ik
% . R FH ABSCIEX 5800 it 3 {X £ fiF 1k & W1 1y
Sy F R A W (THR)/E 3 i, o &
53 BT AE Vario-EL JC R 4 H1 AL L iE AT o % Bz R
PRI TE B R 7E = W 09 #2 )¢ I3 F B3LYP/6-31G
5 #EAT R o 4 T H Ak 2 AR s CHI660e L
100 mV - ™ [ 9 4t 3 R 47 08 20 AR % 3k o
LG W, DBPAP (¥ E 4 1. 0x107 mol/
L, DAY T 3565 &R 22 (0. 1 mol/L) by o f#¢ J5T , 3%
Wl TAEH L, Ag/Ag IS LB, %N
Z AR A BT AT & . A TG209F3
(NETZSCH) #4 5 3 A7 A F1 DSC Q2000 22 718 49 4
i PSR AE A RE A PR e M o AR E P G it
AN A A, TR EE Y 10 C/min, TGA 1)
T2 R Y Bl ol 25~600 °C L 1k & W 2k T 5% It
14 5 5 R 4 it T B T3 DSC 0 K I B v 1Rl AE
30~200 °C, 3f i = YA 5 4 400 A5 B ORE Y B
S ACIRE T, 5407 Wik ok 3% (UV-
Vis) il & Hitach U-3900 Y6 3% {00 & . Y680k
3% (PL) i JH} Hitach F-4700 S % 4% I & 75 3] .
IR 1 B S 2 6O 3 R & T £ FL9800 ) i
QRGN
2.3 ARERE

AR L E 1R .
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Fig.1 ~The synthetic routes of DBPAP
2.3.1 4,5-di(pyridin-4-yl) benzene-1,2-diamine mmol) A1 = KT FE B DU 5 00 B2 £ (116 mg, 0. 4

(DPBD)

K 4,5- T RABIE (2. 66 g, 10 mmol) | Mk
WE -4- 1 iR (2. 706 g, 22 mmol) | DU ( = 7K K& % ) 42
(578 mg, 0.5 mmol) Fll JC /K B & £ (5.52 g, 40
mmol) B T 500 mL W O B G . ERS A
THA 40 mL 1,4- S AK (Vv 10 1) IR
B BRI A E 100 Cl R aE % . H TLC
PRER N HERE . REIROW WS R EER A
oL AR RS R K R . T DCM ZE L, TE 7K B
MRt T4 IR A 57 . LA DCM A THF=2:1(V: V)
VEVE IR, Ak e A 2 B 43 15, 45 B 21 48 K DPBD
(1.15 g, P % 44%) . 'H NMR (400 MHz, DMSO-
d¢) 6=18.36(d,J = 6.0 Hz,4H),6.98(d,J = 6.0 Hz,
4H),6. 63(s,2H) 4. 93(s, 4H)

2.3.2 3,6-dibromo-11,12-di(pyridin-4-yl)diben-
zola,c] phenazine(DBPBP)

Pk B DPBD (786 mg, 3 mmol) F1 3,6- .75 -9,
10-FEMR (1. 32 g,3. 6 mmol) B F 250 mL 4 11 [& )ik
Fetih . A A TN A 50 mL I T B i $E I
e E 90 CR N 16 he F TLC BR 25 S g i JiE .
FERM AR R EERE, A HER . LLDCM
A THF=4: 1(V: V)VEVE LR, 5 AR 2 AT 40 85, 14
F| ¥k ¥ @ 8 K DBPBP(1.65 g, 7“ % 93%) . 'H
NMR (400 MHz, CDCl;) 6§ =9.26 (d, J = 8. 65 Hz,
4H), 8.62 (m, 6H), 8.47 (dd, J = 4.8, 1.5 Hg,
2H).8.42(s,2H),7.91(dd, J=8.8,1.8 Hz, 2H) .
2.3.3 N, N, N°, N°-tetrakis (4 -methoxyphenyl) -

11, 12 - di (pyridin-4-yl) dibenzo[a, ¢]phen-
azine-3,6-diamine(DBPAP)

FRECDBPBP(1. 18 g, 2 mmol) .4,4'- — Fl 45 3t
TR M (1.832 g, 8 mmol) AU T EEAN (1,15 g, 12
mmol) , = ( WK VR ) — 41 (73. 28 mg, 0. 08

mmol) & F 250 mL ¥ O RR P . BAFARE T
A TE K B (40 mL) L B IR M 2 115 °CL J
N7 12 ho I TLC BRSO 0 B o 2 4%
Jei ¥ A A AR RS Ak VS TR VAR KRN
FHEA ST 2B, JoK B R 26 T4 Wk di v 1l . LA
DCM A THF=1:1(V: V) VEUE B, £ AL JZ 43
B F LA K DBPAP(1.3 ¢, 2% 74%) . 'H
NMR (600 MHz, DMSO-d,)8 = 8.93(d, J = 8.9 Hz,
2H), 8.56~8.52(m, 4H), 8. 23(s, 2H), 7. 33~7. 29
(m, 4H),7.27(d, J = 2.6 Hz, 2H), 7. 17~7. 12(m,
8H), 7.09(dd, J = 9.0, 2.3 Hz, 2H), 6. 96~6. 91
(m, 8H),3.81 (s, 12H) . "“C NMR (101 MHz,
DMSO-dg) & =159.50, 148.40, 148.09, 146. 18,
143. 30, 143. 23, 141. 77, 138. 70, 129. 66, 126. 15,
125.96, 124. 38, 122. 70, 122. 34, 122. 20, 115. 45,
114. 66, 55. 32. MS(MALDI-TOF, m/z):[M]" cacld.
888. 344;found: 888. 172, Cacld for CssH,4NgO,: C,
78.36; H, 4.99; N, 9.45; O, 7. 20; Found: C, 78. 34; H,
4.98;N,9.46;0,7.22,
2.4 LEDHH&RRIE

1 g PMMA K A T 5 mL P4 R P e A%
A A, B 20 mg DBPAP A T 2 mL B TN il 7% R
T, 8% 50 wL DBPAP N % i 5 500 wL Al & 7
TR A W 14 B AR W OC LED G5 35 B 1 4 9 BE I
B LED o8 F [ 2 78 LED 2% 88 I o #E4F U,
ST-900 M %% Ji 145 4 Keithley 2400 H, Y5 I 42 A [f]
HL RN LED #5748 9 &t B . R T H S L3 4l
) PR655 St 3% 45 # A I & 4% 1 & 5606 3% Al Com -
mission Internationale de L’Eclairage(CIE)%ﬁto

3 4R 5H#®

3.1 BRLEMERSERE
S A Suzuki fl B TS & LA AR
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3.2 BigitHE

T W5 DBPAP 1 53 44 BLF 43 P HE fif
R L, FRATIE T B3LYP/6-317 (1% i 12 bR BRI
(DFT) 35 7 L2 43+ AU R 1Y B0 53 A5 1%

(a) Top view

B WA 2(a) B, oD B 2R IR R 5 3,6 17
TORBAT AR B Z M I A 43.6°, 5 1L,
1237 AH I B 35 2 ] 4 11 £ 0 31. 38°, W] DB-
PAP 2 — > HLAT & B 25 HI B0 T 5350 AT
2(b) AT LU ), DBPAP K25 it & 2% 7 i 4R
(HOMO)E@%%zf%%qﬂfﬁ%gﬂ%ﬁi%,
"‘Eéﬂﬁfﬁlbizﬁﬁ%@%-ﬂﬁ%ﬁé}?ﬂiﬁﬁﬁ

T (LUMO) B HL - 25 W) 32 B2 [ A2 {4 0k 0 v 88 3
HOMO FI LUMO Z [i] 75 8] I 4 B F 25 43 25 Uk BH DB-
PAP EAT LAY () 41 B A 7 7% (ICT) i 72 .

(b) LUMO

K2 DBPAP ALY REZ S T 4544 (a) \HOMO FII LUMO HL T = 3 Aii (b)
Fig.2 The optimized ground state molecular configuration(a) , electron-density distribution for the HOMO and LUMO (b) of the

DBPAP.

3.3 BUEmMMER

K FAE AR 22 2 03K T DBPAP () B fk 24
J . WA S6 i, 4 A LI = DBPAP 1Y Ak
B {74 0.927 V. DBPAP Hif 5 HL {7 4 0. 356 V.,

RSB T 8 A E S (TGA) Al 22K
94 B % (DSC) 40 M T DBPAP 1 #4825 1 .
DBPAP [ #4443 fife T B2 (T,) CRE & FE 452 2 5%
) Ry 408 “C (K 3) , H 388 28 Fe AL iR (T,
122 “CCE 3 AR B ) o 85 e 14 43 ik U J3E 0 3 8 25
FEALIR FE VLI DBPAP B B Ui SR e 1 L A R
FHAE G 2R F b TAER A A e .
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Fig.3 The TGA curve of DBPAP(Inset: DSC curve)
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X DBPAP 7 [A) 4 375 5510 v 11 48 41 -] U g
W (UV-Vis) i MG EUL 6 (PL) ik 17 R AL,
WP 4 FoR AR CER e R 1 rp . AN 4(a) Al
F 17N, DBPAP FE A [R] A M 7 7] v 249 5 B0 g
W FE 325 nm 2 45 F 495 nm 22 A7 B4 9 S WL I
R A Ay I ST i T U e R TCT st AR ot e 9 A Ak
) W Wi 1 T U @ A m-m BRAE . DBPAP FE AN [A] B
P UV-Vis SR AR A0 R I3 B A AN 5] A 14 5 711
rp LA AR O o R A B R el . R, DBPAP
(9 PL G 1% 6 7 570 A 1k 52 B0 4 A S (0 st v, H: e
R & S5 e I 75 790 AW ke DI 381 s 3% ¥ 21 % ([T
4(b)) o MR 7 0 2R 2 i MR R 2 v
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Tab. 1 The photophysical properties of DBPAP in different
solvents

Solvent Af Abmm AL /mm o A /mm @ /%
Toluene 0.012 338 499 604 8.1
Dioxane 0.021 334 494 606 6.8
Butylether 0. 096 334 496 620 5.4
THF 0.200 335 495 650 2.2

EA 0.210 337 492 653 1.9
Acetone 0. 280 338 492 657 0.8
Acetonitrile 0. 305 337 488 644 0.7

(b)
ol \\
% \
= 0.6 — Toluene /
E ~— Dioxane /
g 0.4}¢ Butylether /f
g ~— THF
z — EA
0.2F —— Acetone \\
~ Acetonitrile
0 1 L 1 L
300 400 500 600 700

A/mm

&4 DBPAPTEA [a) 4 4 375 50 v 9 2% A1 -1 W WOt 3% (a) A PLOGHE (b) (AR 18] 2 S8 AMT T M 29EOE IR Uk B 365

nm)

Fig. 4 The UV-vis absorption(a) and PL spectra(b) of DBPAP in different polar solvents (Inset: photographs under ultraviolet

lamps with excitation wavelength of 365 nm)

R T b DT A VS R R S Y R ), R
TR ¥ Lipper-Mataga JT AR IY T O R O R R
A1 DBPAP £ A [7] ¥ 551 1) 1 4T 5 67 8 2 [] #Y
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e -1 n’ -1
Af = - , 1
f 2¢ + 1 an + 1 ( )
2
2(p. —p,
Av=v, -v, = (7?Af+ const, (2)
4me hea

R A K Ay ORI T2 RS v, v, 53 R
71N $5e KW e R R S B I 4R (em ™) L b J2 35 B 5
W e RO ES T E R, o Onsagerflé
1 s e T g 53 00 R R AS TN LS AR A L e, Fl &
53 ) R L AS T A HL R BORN I R B S A R
B, n 2 0 R AT B3R AR U 0 B AR AR R
R4 Lippert-Mataga J5 F2 , L& H 1) B4k Rl % 5 3
AR e A5 Z (R AR A B A A G (B 5) o X T
DBPAP, & iR 5 380, 3% W] H 5L 25 F1Y

52007 1 =53804+724
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\% 4400
Ny
L
= 4000}
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K5 DBPAP £ A [F] #1375 7 ' Stokes 7 B 5 %5 371 HL 15
WAL &

Fig.5 The fluorescence Stokes shifts as a function of orienta-
tional polarizability Af of DBPAP in different polar

solvents
KA Z B AR AR R A A T 3R A A . st & Ut
TE R F T, 24 DBPAP 2r T N IS H 1 A HL 7
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TTHE THF/H,0 ¥ A & ok DBPAP Ffi/K 5 #2854k
9 UV-Vis fl PLYGIE AT T RAE . anl&l 6(a) s,
MK /N 60% I}, UV-Vis Y618 Y i 2R AR B it
W U v B AE AL R K, UL B DBPAP 76K & &= /N T
60% MR G h F 2R o F R . &
KT 70% B, UV-Vis H1E i I o H 3080 521
FERNAE B, HAS KA 0 WSO o 4 B 5 B4 P47
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6 DBPAP {E THF/H,0 ¥ i Bl K & B0y 5 41~ n]
TR 3% (a) (PL GG (b) | d5e KR A 588 B A8 A (P

JAE L SAMTTR B IR, BOR K 365 nm) (e) .

Fig.6 The UV-Vis absorption spectra(a), PL spectra(b),
changes in maximum emission intensity of DBPAP in
THF/H,0 solutions with increased water content(Inset:
photographs under ultraviolet lamps with excitation

wavelength of 365 nm)(c).

A5 L, Uk B ANV 1 R AR TE i, N 6(D) |
() MR R al DL ), DBPAP 1E 4l THF % i P
RSO e KR FHE N 650 nmo %
K B BN 2 60% B, % 58 B 2% T R A1, ik mT U5 A
FICT i T F 2 WS . M EHKEKRTF 70%
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HESREL G . M E K R N 2 90% B, TG B A F
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i e ) R Rl BRI R AR T N e 2 B g e R
PR SHRAE 77 =04, SR DO 0
3.6 BEIXREZXEGHE

YT DBPAP W] LAY ATE BR 4 , 304 DK v o
E R A e, SR F5 U 1R AR G [ 2
FIFES PLAIBESS PL. 4N 7 978 , DBPAP 7E [ 45
JHEIBE PR () d5c K % B R 640 nm Y21, 5t B 1
FH9. 6%, AT CHFMARE TGN T. 44 ns
(1 7(b)). 74, DBPAP K A B fe K & 06 655
nm([E S7), 5T R 11, 7% HHARET
R ICW LT R FIH AR B T e 1 A AT g 5 o
HERR Dy 2R A AR s
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5 1500F
K
Z 1000t
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Fig.7 The PL(a) and time-resolved fluorescence (b) spec-
tra of DBPAP film
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5T DBPAP [ 25 T A %00 2006 & 5 R4
MR e M, RATIR R T HAE 206 LED 9
Mo 85,8 7RG &£ PMMA 5 DBPAP 11
B2 B, FATTHI I RAE T A 5 PMMA Hh & A
[ #5 2% & DBPAP ()3 5 1Y) PLOGIE . 4n &1 S8 i
/8,5 DBPAP 1B 7 & hy 15 mg il #5 (1 3 I AR HE
B 74 20 mg M1 25 mg il £ 1) K A9 &6 IE 25
RIERMAK . #F—5 58220 25 mg (1) #H 5
HH LG, 48 2% o0 20 mg B RGO 5 K
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8(a) izn , il % 1 LED & B2 410t . RAEk
BB T AR R 0380, & OG0 A7 B AR A= 2 1
LR . anl&l 8 (b) it , Bl & T AF o e 38 i 1
K, LED g £ 19 & O o B A 76 3 W 15 K, Je
ZLED #5FAE 3.8 V I/EH K F i K2 N
1616 cd m™, X TAEHEILF] 3.8 VI, &1y
i K &t W 4 %E 1F 644 nm, CIE 4 #5 4 (0. 58,
0.35)(&S9).
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