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Abstract: Organic red emitters have shown great prospective applications in full-color displays, fluorescent
probes, and photothermal therapy, et al. However, it is still challenging for organic emitters that exhibited intense
red emission with a maximum emission (A,,) above 680 nm in solid state. In this work, two D’-A-D-A-D’ molecules
with a benzodithiophene derivative core donor (D), a benzothiadiazole acceptor (A) and a N-phenyl-2-naphthyl-
amine derivative peripheral electron donor (D’) but differing in fluorine-free D’ (RH) and fluorinated D' (RF) were
synthesized. Their chemical structures were characterized and confirmed by nuclear magnetic resonance spectrosco-
py and mass spectroscopy. It is found both of them presented A,,> 700 nm in solid films. Meanwhile, RF showed a
more pronounced aggregation-induced emission enhancement effect and a higher photoluminescence quantum yield than
those of RH, attributed to the fluorination induced a larger dipole moment and more twisted structure of RF. LED
devices based on RH and RF doped PMMA as colour conversion layers were fabricated, respectively. The maximum

brightness of RF based device reaches 2. 5-fold of RH based device at a 3. 8 V work voltage, and its CIE coordinates
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(0.70, 0.27) close to standard red light of BT. 2020 color gamut. This work provides a promising way for develop-

ing organic red emitters with higher brightness and colour-purity.
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. FEANEIA IR BB AR T RF S5
Oy F ARG K, IR A5 45 4R DRI 3Z 4R A Z A1
AR 20 B O, BT R B L R T B Y 2R
B 175 T 0 G B AL R OB T R . RH
HRF 43 9145 42 5 PMMA b #1457 206 LED #%
o 3.8 VIAEHET , 2 T RH M RF /) LED
o84 ) & B R B 694 nm 1 683 nm [ 4T
6, CIE A8 bR #4337 (0. 71,0.29) . 1 T RF [ 2
T R i R BT RF ) LED #3145
JEIL B RH 2R 2. 51 .

2 % %

2.1 HmblE

S 2 R AR R B L 3- 9 -4- AR OR
JHe \2-TR-6-F A 2% ORUT Wl R PR A (4, 7-0R-2,
1,3-2RJF e —mg PO ( = 2RI = (K3
PRI ) A0 R0 =0T ik O A R B L (4, 8- (5-
(2- KO ) EWy -2- 5L ) KT [1,2-b: 4, 5-b 7| ¢
Wr-2,6- ) W (= H G b)) ek WK &
M2 WG A EE S b O DY S K N, N-
R
2.2 HMmRIE

K FIAZ i 2 4% B 3% ('H NMR A1 °C NMR) L
K51 B 22 B A B W A T AR . R AR R
T8 F VNMRS 600 MHz #% i 25 4 9% 3% 1 F1 Bruk-
er AVANCE I HD 400 MHz #% i 3t 9% i 35 A 45
'H NMR 3 % 2 4% 451 %2 24 600 MHz F11 400 MHz,
PC NMR P i 4R 4540 101 MHz, DAY FE L i
Bt (TMS) R N H5 , ST AR S 7 (CDCLy) FRAR — H AR
A (DMSO-dg) A7) . >R A ABSCIEX 5800
T A RAE T A A& W 0 o i (A
e /E i B2 i . R FH Gaussian 09 K fF [ & F
B3LYP/6-31G*[W Jr ik i A7 e iH 5 . $84h-7T I
W W 3 (UV-Vis) i i U-3900 (Hitachi) Y6 3% A%
A5 3 JEBOREOEIE (PL) ] F-4700 (Hita-
chi) JEIE A4S o Ak 7 M BT F CHI660e HA, 1t
2 T AE B JE A7 96 25 4K 42 0k, HAKCh - 78 RH A
RFVEEE 220 1. 0x107 mol - L™ f Z W5 ¥ W v, LA Y
THLE SRR (0.1 mol- L)y L 5, H oK HL AR
2 LA A 22 A S XoF R e LR Ol T
AR, R A NS  EE RS T L 100 mV-s™
A R AR AT K . {8 H] TG209F3(NETZSCH)
P DSC Q2000 (TA) 22 /R 1 4 fit A &
TR RE ) PAS M . B P I 45 1 AR

SFR, THIEE N 10 °Comin™', TGA 38 76 ) 3T
Fil 4 25~600 “C, 1k & ¥ J< 5 5% W i 1 B2 o 5 fid
I FBE T, DSC (1% ) 12 I B2 0 Bl 78 25~300 °C , i i
PR CRAIE P41 5 D0 A5 ) 1 B B A e AR IR T,
2.3 EMEFRE

2.3.1 Naph # & %

A F A IR (2.7 g, 22 mmol) | 2-78 -6-F
AHEZE(4.7 ¢,20 mmol) , = (. MF R L) — 48
(384 mg, 0. 4 mmol) L= ORUTT AR R 0 g a R Ak
(348 mg, 1.2 mmol) BUT EE4H (3. 84 g, 40 mmol)
BT 500 mL P HE RGP o 7R A SR E T
A 40 mL HUE B HEIF I 115 "Cleni . HI TLC
PRER N o T NS5 5 ¥ 2 2 50, I AR
AACBRE P RN . I R LR 2 HL, LK
TR BE T M VAR s R o LU Ak - £ TR SR =5+
LV VARG, ik s A 2 AT 43 15, 45 3] 1 40 [
A #3 K Naph(4 g, 7% 71.6%) . "H NMR(600 MHz,
DMSO0-dg) § 7.91 (s, 1H) , 7.67~7.62 (m, 1H) ,
7.57~7.52(m,1H), 7. 23(d, J=1.8 Hz,1H) ,7. 16
(dt, J=6.0, 3.0 Hz, 2H) , 7. 14~7.08 (m, 2H) ,
7.02 (dd, J=6.0, 2.6 Hz, 1H) , 6.92~6. 87 (m,
2H), 3.82(s,3H),3.73(s,3H) .

2.3.2 Br-BT-Naph # & s

# Naph(500 mg, 1. 79 mmol) .4,7- " 1%-2,1,3-
2K I 188 4 (790 mg, 2. 69 mmol) | i FR 4" (8 mg,
0.036 mmol) . = A T 5 B PU 500 iR 25 (51 mg,
0. 18 mmol) . FU T B 4N (344 mg, 3. 58 mmol) & T
50 mL P I B RS . 7R AU T IIA 10 mL
TR R PR IR A E 115 CRO . A TLC
PRER RN o TN S5 R, i AR
SACE TR K N o R S e 2 B, TE/K i
PR BT R AR IS R o LAAmE: — @ P be=2:1(V:
V)VE BRI R, e e AT 23 BT 43 25, 45 310 21 €4 [5 44 Br-
BT-Naph (500 mg, /= 56%) . 'H NMR (400 MHz,
CDCly) 6 7.65(dd,J=8.0,4.0 Hz,2H),7. 47(d, J=
8.8 Hz,1H),7.21(dd, J=8.0,4.0 Hz,2H),7. 13~
7.03(m,4H),6.94(d,J=8.0 Hz,1H) ,6. 85 (d, J=
8.0 Hz, 2H),3.91(s,3H),3. 82(s,3H) .,

2.3.3 RH®# A&

Br-BT-Naph(751 mg, 1. 52 mmol) . (4, 8-%
(5-(2- 2 3 O KL ) mE wy 2-%6 ) %K JF[1, 2-b: 4, 5-
b 1 BEWY -2, 6- 3 ) X ( = H B kL) (600 mg,
0. 66 mmol) \ P4 ( =& EL %) 42 (38 mg, 0. 033 mmol) ,
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BT 50 mL P HBEEBR T o 7E R A T ImA
10 mL T4 F2R B PE I A 2 115 "C/e it .
TLC MR ER I o Ff SR 45 5 , R E 2= =0, A
TR S AERIE IR K RN . FH SR SR AR, B K
TR EE T4 W R W i V0] o DA v ik - — S =
3t (Ve APEBEIL R, i B AL JE T 0 2 1R B R & A
¥ K RH(650 mg, 7% 70%) . 'H NMR (400 MHz,
CDCl;) 6 8.79 (s,2H) ,7.77 (d, J=8.0 Hz, 2H) ,
7.65 (d, J=8.8 Hz,2H) ,7.52~7.42 (m,4H) ,7. 30
(d,J=4.0 Hz,2H) ,7.24 (d, J=4.0 Hz,2H) ,7. 17~
7.03 (m, 10H),6.96 (d,J=4.0 Hz,2H) , 6. 90~6. 80
(m,4H),3.91 (s,6H),3.83 (s,6H),2.91 (d, J=
8.0 Hz, 4H) , 1.74(d, J=6.2 Hz, 2H) , 1. 50~1. 30
(m, 16H),0.98(t, J=8.0 Hz, 6H) , 0. 94~0. 87 (m,
6H). "C NMR(101 MHz,CDCly) 8 156. 03,155. 45,
152.78, 149. 66, 144. 67, 142. 57, 139. 65, 139. 26,
139.07, 137. 38, 136. 82, 136.32, 130. 33, 128.47,
127.61, 127.12, 126. 81, 126. 69, 125.60, 124. 49,
123.62, 122. 62, 122.28, 120.26, 119. 80, 119. 74,
118.02, 113. 62, 104. 86, 57. 45, 54. 42, 54. 31, 40. 45,
33.23, 31.46, 27.90, 24.66, 22.03, 17.41, 13.18,
9.98, MS (MALDI-TOF, m/z):[M]" cacld. 1 400.43;
found: 1 400. 40,
2.3.4 Naph-F &5 & 5&%

Naph-F ] & i 20 98 5 Naph 19 & 520 3% 41
(], SR o o) Y A O i 4 Jl 1 3-8 -4- AR R
W (3.1 g,22 mmol) 55 ol 2 N W R 3R ) EE AN
s AR TR B e e B 700 4l 4k 5 75 210 6 8 4Ok
HK(4g, /"% 61.2%)., '"HNMR(400 MHz, DMSO-
dg) 8 8.14(s,1H) ,7.69(d, J=8.8 Hz, 1H) ,7.62
(d,J=9.0 Hz, 1H),7.35(d, J=2.0 Hz, 1H) , 7. 19
(dt,/=8.0,4.0 Hz,2H),7.09(dd, J=9.2,8. 2 Hz,
1H),7.05 (dd, J=8.0,2.0 Hz,1H),6.97 (dd, J=
16.0,4.0 Hz, 1H) ,6.91(m, 1H) ,3.82(s,3H) ,
3.79(s,3H).
2.3.5 Br-BT-Naph-F # 4 5%

Br-BT-Naph-F [ & Jii 2% ¢ 5 Br-BT-Naph
W) & 20 SR AR R, 2 K Naph #: 80 T Naph-F
(500 mg, 1. 68 mmol) , £ Ff i )i ) F i 5] (1) L 451]
ANAZ o AR TR] L A1 %) 35 B3t 55 2 Ak J5 75 380 200 68 [T 44
(510 mg, 7 59.5%) . 'H NMR (400 MHz, CD-
Cly) 8§ 7.67 (dd, J=8.0,4.0 Hz,2H) ,7.50(d, J=
8.0Hz,1H),7.30(d,J=4.0 Hz,1H),7.22 (dd, J=

8.0,2.0 Hz, 1H),7.10(d, J=8.0 Hz, 2H) , 6. 99
(d,J=8.0 Hz, 1H) , 6.93~6.75(m,3H) ,3.91(s,
3H),3.89(s,3H).
2.3.6 RF &4 R

RF & %S RH B & WA BARTE , H 2
¥ Br-BT-Naph # i T Br-BT-Naph-F (648 mg,
1 mmol) , & Tl 52 10 ) R 390 B Lo AN AE o FH AR [R]
E 451 1) 398 J58 350 21 Ak )5 45 21 4% €6 B 7408 K (500 mg,
7= % 79%) . 'H NMR (400 MHz, CDCl;) & 8. 82
(s,2H),7.79 (d,J=8.0 Hz,2H) ,7.68 (d, J=8.0
Hz,2H),7.48 (dd,J=19.2,6.2 Hz,4H),7. 34 (s,
2H),7.27 (s,1H),7.25 (s, 1H),7.15~7. 08 (m,
6H),6.96 (d,J=3.4 Hz,2H),6.90(d, J=12. 4 Hz,
3H),6.86 (d,J=5.2 Hz,2H) ,6. 83 (s,1H),3.92
(s,6H),3.90 (s,6H),2.91 (d, J=4.0Hz, 4H) ,
1.77~1.69 (m,2H), 1.40 (m, 16H) , 1. 02~0. 94
(m, 6H) , 0.93~0.87 (m, 6H) . "C NMR (101
MHz, CDCly) 8 156.26, 152.79,152. 76, 149. 74,
144.77,143.29,141.99,139. 16,138. 45,137. 49,
136. 87,136.25,130. 64,128. 46,127. 68,126. 99,
126.95,126. 85,124.51,123.70,122.76,122. 63,
121.01,120.57,120.33,119.29,118.19,112. 81,
112.26, 112.06, 104. 88, 55.49, 54.33, 40. 47,
33.25, 31.48, 27.91, 24.69, 22.03, 13.17, 9. 99,
MS (MALDI-TOF, m/z): [M]" cacld. 1 436. 41 ; found:
1436.42,
2.4 LED=HHI&RRKRIE

1 g PMMA #3 R T 5 mL P9 &0 0K IR 5 W Th
BC BORG 5 700 23 008 20 mg RH AT RF % T2 mL (1)
DU W I R . FF 50 WL RH B RF A9 DY &k
MR W5 500 wLAL & FIR A, B30 nLIR & W) 5
S VR A AE B LED GO Jr AT BR 18 09 N BE | LED
K10 [ 22 7E LED 8 | o 4247 i, 1] ST-900M
22 1 45 4 Keithley 2400 Ht P50 & A 7 B 5 F
LED #1119 KOG58 B o SRk TS AL 1 1) PR65S
6T 4 A S 2% 14 A& OO 3 A Commission In-
ternationale de I'Eclairage( CIE) 2 %5 o

3 BR5HE
3.1 LEMEREERE

4% i 3 Buchwald-Hartwig 48 B¢ 52 B, 43 93l
A BT AN L 25 1R N-2R JE-2-Z5 e 437 £ W) Naph
#1 Naph-F . B Buchwald-Hartwig 8 B8 2 g Bt
A1 H, T 254K Naph Fll Naph-F 73 51 5 4,7- "R %%
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BT-Naph-F. f )5, o Stille {5k 2 1 Ff Br-BT-
Naph Fl Br-BT-Naph-F 4351 5 #% 0> 45 PR 41 3% 45 1
T RHMRF, i 'H NMR.“C NMR F1 5 3% 23 B
WA T H AR =20 10 53 254 Ckb 78 3014 181 S1~810) o
3.2 ERiItE

S T W5 RH AL RF B 40 14 B4 R0 23 F I
o 5 RS0 DL, 3R AT I8 i) B T B3LYP/6-31% 1) %
LRSI T e T 325 2 140 2 0 i v
SrAitEGL . WE 2(a) iR, 48+ RH il 5r -+ RF
2 AR R I W R U 5 AR RO ey Z ) B I
YR 07, X 5 MmN P A G, BE S
Bl B M 45 M 45 R 1 51 A, RH 4y N-JR Sk -
2-ZR AT A W) 5 A7 VAR DR I e 2 i) 1 T A 3R 3

RH RF

) 2 Jlg2y o

Tooview e ey AL S 243
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Fig.2 (a) The optimized ground state molecular configura-
tions, (b)electron-density distribution for the HOMO
and LUMO of the RH and RF

45.89°F143.86°, fERF/rTH , T FETHT
A LGN 45 1 5 57 R 2R e ek 2 ] 1 1T AR o —
A B K R 48.78° F1 44.34° . 4y T rb T fA Y
KA BT BEAR S+ 00 °F 1o A0 AR B DT s 55 2R 4
BT TR m-m JERVE R BURYOEH K . TR
W, T FRISIA, S E3CRF 40 78 v o | (4 4
f RH 19 3. 73 Debye 3§ 1 5| 6. 15 Debye, HIRK
149 {3 4R G AT R G 2R AR ST (A -1 A A AR
FH S B0 U055, AH I 18 A 6 25 388 i e K
LR, JE SR 2SO B . 454 RF 4% T3
B AR TR R AR S LS R Y 2Ok Bk R
RH 7 A 2.

A, N 2(b) HR e DLE L AN 4 T3S
B TP HE (HOMO) i 7= B84 1
WO AR R AN BB 45 1 1 A 2 5 43 AT A 52 AR R R
Wb+ & S HE (LUMO) L F =
O] 3 B ) 37 (R ORI ek B 5T AL 5 . HOMO A1 LU-
MO Z [ K HL 2= 43 B 3 RH A1 RF 2 AT Al
(943 F P L ff B B (TCT) a7 . BTk — 2
5 %] RH F RF i) HOMO REZ > 5l b —4. 44 eV Al
-4.53 eV,LUMO BEZ 5301l 1 -2. 36 eV Fll-2. 45 eV,
A AT #5 H RH AT RF A9 S-S, BEBR 4351 R 1. 79 eV
F1.81 eV, F W] 3 ¥ /Nali B 43+, AT 3RA 21
&S . RF# RH GEBIME A 3, ik 5 FLAM 45
R BB AR T F IR TG
3.3 RHAMRFEARREZBF PR LY EER

X RH FIRF 76 AN [R]85 14 35 5510 v %) 8 A6 -1
W W (UV-Vis) G 3% F1 % 35 & O (PL) S i 47 3%
fiE ARG M5 e R 1 b . WE 3(a) . (b) fTR,
P43 T FEAS 6] 35 700 vp 2 3R B =S Wi, RH
1 RF 78 K 0% K A W4 43 3124 570 nm 1562 nm,
ALV S T ICT 33 A2 5 8 % 4K 320 nm &b (4 W2 W57
AEJE TR0 A m-m BRAT 1 R L 400 nm &k 9 1%
e mT A JE F on-m BRIE A . RH R RF 75 K [A]
B M ) H UV -Vis Y6 A8 A0 K, 136 B A A )

®1 RH/RFZERERF (RE 1x107° mol- L") i S 4 32 14 &7
Tab. 1 The photophysical properties of RH and RF in different solvents (1x107° mol+-L™")

e RH RF
el Af
A, J/nm A, /nm @, /% A, /nm A, /nm @, /%
1EC %6 (HEX) 0.001 2 570 651 4.3 566 636 4.8
B (TOL) 0.012 571 680 2.9 566 663 3.2
Y (THF) 0.21 572 713 1.4 564 680 1.6
ZHHBE(DCM) 0.217 568 721 1.2 565 688 1.5
T HE e (DMF) 0.276 573 728 0.5 567 717 0.6
2 (ACN) 0.305 563 719 0.4 557 718 0.5
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Qe e R SN T O Nt o - R T e 4
e M7 55 DEM A ACN H L 800 nm /2 A7 Y J 16 1]
9 & i RH F RF I8 Wi 5 4 4R 7™ 2B 1) Siig 1] 150 55
Vg, SR, RH A1 RF B 23 F 19 PL Y 1% A7 35 7 4
PRS2 A5 A B S, A0 3 (e) L (d) FEoR , bl 25
T AR P 8 O, B AT B R K G W A RN W 4L R
MIE E e B Z 05, RH R RF A9 50 K& 5 i 43 331
M 651 nm H1 636 nm £ZL# % 728 nm 1 718 nm, &
e R W AR (R ST o S Tk — 3R i
T A% M X A PR TR R e, FR AT SR Lippert-
Matagaﬁfii’ﬂﬁ'? RH A1 RF 7E A JA] 175 57 P Stokes
AL % i ) IR T A Ak R 1 R OG &R (I S12) .
Stokes #5381 242 (1) I8 .

2(p, - p,)
4me hea’
Horp Av H Stokes (8% v, Fil v, 43 1] by 56 K W AL A
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