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W OE BT RSk S, 7 (- Y ) BB [3,4-b] [ 1,4] “HE(DTP), T Sumki BEK
BL,E&RT — R TR S EIL T Y (PFO-DTP) , 333 & 1493 #h- 51 IR W e 3 DB R Je e Bk
PEBRHEAT T AT BFST . S B 26 380 nm 1 632 nm b B W B 14 R MOWE , L 632 nm &b (%) R WO B A St B
R B AR (DTP) S R I TI NG, R KRB R EREE B Y AW R ik (DTP) T B M I, M\ 752
nm ZLEEE T 781 nm. [ oy S HE 4 Bidk 4,7- 2 (2-m e 36 ) X - — o (DBT) 5 4789 3L B4 PFO-DBT # I,

BRRSYRB L, 5K Dy LT .

X 9.9-"FEY, 5, 7-"(-BErE)R[3,4-b]3[1,4] "8, By, BB RN, Has

HEESYHTHAAMEACEEEmME
AN X5 EEXTRELSHES
YEBEEAHHEIEFAENERXETZ AR
( poly( phenylenevinylene ) ) , % B8 1} ( polythiophene) ,
¥ % ( polyfluorene } i & B ¥ #F (poly(pars-

phenylene) &7 K FR G R EMEH —B

BEASENRRAER S BB ETEmE
FTAFMERE LU RR R MR R THEMZ B AA]
M EZERE BEMELT, RGAFRAHNW
oo CHIEEA R TR S AR
Y SR NI BT DLZE R A WATE R AR 25 LR
VARG —RTRAU T EREGREW
A ZGEILRY, NEIERS W EHETEIASR
R EFAEERARTTFREXREYERBET
ZHEE ARAXENRTRAERZAEAKR
20 T Sk A M) G 2 B 6 — R AE W] OB
Bl R, ERLAROI R EE RS RR
Wi R A TR e AR DR B
BNBEMESYAHERES T ENEEREm
ZEBRRERY BRI HuEEdRTHE 4,
7- (2RI E WA IR, DX
REEYNEAFHENERESVEC_RENE
FHEBE B B E 670 om EH™ . Yang E &
BGH 4,7-Z(2-0 W ) R P TR 4,7- (21
WA w5 9,9- " FEIH NI ML
B URFRRAEYNRNEERENESY X
E_REMREAXNHBER AR EIAE 670 ~

790 nm'™ . Chen %R TH T — 7 69 % O A WP B S
B AL B (AFO-Greenl )™, LI FH B A 9120 £k
HHEENRASYR I RENG KB BUER Jik
BL7E 960 nm . Zhang FiRE T —F 2,3-"FK-5,7-
T(2-WEMEL)EE[3,4-b]HB R E9,9- " FHEH
MERXEY O AEANESY N ETREH
¥, PcBM ([ 6,
methylester) H B A KM R S KHER
b, 3 6 B W R 3K B T 850 nm, HIZE & Y1 M L3
RS LIRE EXEFETRERNZELTE
SR, HE54,7- (- ERRE)EFE WH T
FLIL I ¥ (PFO-DBT) AEH B H B R L #, M
B, PFO-DBT A HiF 45 (&4t ¥ ,PCBM A B F 3%
R BB -A YK PH AE B b R RE B (L A
T2.20" B ERAWRE-FEHMEN R
R AR A YK PO 88 B 45 8l 7T &, PFO-DBT
HRBETRATERN, ZHEESYHR KT
W% 7E 540 nm Zc 5 , 5 3 # OK BH Y6 3 0T B2 /9 JF A< 7R
oM RR S, 7- (2N R ) BE[3,4-b]3[1.4] =
B (A e » 335 nm) WE M F 4 R A 4,7- "%
FEEIPOE (A - 450 nm) B B LM R, ¥

6 ]-phenyl-C,, -butyric  acid

5.7-(2BEMEE)BE[3,4-b] 3 [1.4] — B3 AR

RHETLHEP TURIBEAREHD ERKKHEH
MEERGY, FANATEIENERS DO
REMBHE, THRILER AW S AWK
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ME[3,4-b13F[1,4] BB ARS LT, ART  co);Varo EL TEAHHX (Elementar Co. ) ; EF IR
MRS 747 ~ 18] nm AW A4 SR B A BEE T A (FAB-MS, VG ZAB-HS) .

5,7-(2-BEM ) [3,4-b1FF [1.4] R T HE B BT ARt FE RN, B R R B8
LB (PFO-DTP) , I X H B EBIET A M ETHSE 2 BFREA4,4,55-WFR-1,3,2--F
K. Wikt h Aldrich 2T =5, ZF BB IIE A 44(0)

B (R R4 A48 (1D 7 TCI A R =

1 XWEs HedRphEsahdd,2,7-20-9,9"F%%%

1.1 {sFmAH F12,7-3(4,4,5,5-P9FF B-1,3,2- 44 - —%)9,
Scue b T B B AL B, Waters GPC 2410 B O-“F EHH IMPHLBER , B AN A

JBE 35 3 16,35 1% ; In-staspec4CCD 64X ; HP8453 % 'H-NMR 1 GC-MS £ .

SRTT L Fe i3 X 5 4% A FE R X ( Bruker DRX 300); 5 1.2 AHBES

A -5 1 Y (GC-MS, ‘TRANCE2000, Fiunigan. LR E R BEE R MR 1 R,
ON_  NO, O,N
/@\ HNOyH,S0, /z—g\ ﬂ‘SnBus U—U—U
s
N N\
SnCl,/HC) U—U—O
S S §

Scheme 1 The synthesis route of copolymers and monomers

1.3 &RF* 1.3.2 2,5-BEW -3, 4 A & R
1.3.1 2,5-208-3,4- TN mm i 4 R 6,64 g f9 2,5- W3, 4- R A
K 100 mL IR BBEH 110 mL20% M RIPFHREAEIK 93 2- B E =T HBHEFEFHEKmM+, A
BERATHORETRS, ZEMA 40l 50A 0.486 g A (ZEEBF 48D, KA
RIBOHM B P 1SC HE 754 02,5- "0 SEPFEREM 3 h, RHUERHE, BHREH,
BB WA RIS R AR 2STRE AW PIIA 250 L WESK, S BB HAE
2hREH R ABMA 1000 g FKF, 8 & =2 879, GC-MS, 338,

BIREEA EZEPEEERSHCHREE, 1.3.3 2,5 BUE3 4 HmERn 4R

73 85% . GC-MS, 332 % 9.96 5 2,5 BEW 3, 4~ W EERIN T
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100 mL 7G/K ZBEF1 40 mL WREEB MBS . R
J5¥# 54 g B SCl, - 2ILO AL INA , ZER T HHES
B LR SEALS , TRA 200 mL 20% #9 KOH ¥ ¥ .
MR EER, KRENE . BRRAEE, 28T
BER, BB EASMAE, ™ 58%. mp, 96 ~
98°C ; GC-MS, 278. " H-NMR (300 MHz, CDCl,,8):
7.27(d, 2H), 7.15 (2d, 2H), 7.05 (d, 2H),
3.88 (s, 4H).

1.3.4 5,7-Z(2-BEM R )EE[3,4-b]H[1 4] %
B A $556g2,5- MR 4" HE
WA T SOmL TAKZEER, BRTHEA 1.44 g
B BHT RN 20 ERENE, BENLG
BAEEZEMRRER(LDMBESERTES S ™
# 85% ; mp, 176 ~ 178°C, GC-MS, 300; -'H-NMR
(300 MHz, CDCl,, 8), 8.45 (d, 2H), 7.53(d,
2H),7.4 (2d, 2H), 7.15 (d, 2H).

1.3.5 5,7-(5-JR-2-MEny )M [3,4-b]37[1,4]
TRENE R ¥ 5.92g5,7-2(2 - HEMpEL ) BE
[3,4-b]3[1,4] B F 100 mL B THF, i1 A
7.48 ¢ N-IRAT B B THRARN IR K
BRERE BN LAEK, EZERBEE0 1)
MIBAIE W PES M. ™3 73% ; FAB-MS,458.
1.3.6 BAYHER kS Y 2,7-%(4,
4,5,5-BHE-1,3,2- - &FxMllR-—%)9,9—_F
A 2,7-iR-9,9-"FHHMS5,7-(5-1R-2-18
ME)EE(3,4-b]H[1.4] “REF WL THRE
F1 2 mol/L A9 Na,CO, KR S’ T, KK WA
(PPh, ), Pd(0) A Aliqut336 . ERSHEP TEFE 72k
B,mA 2,7-F(4,4,5,5-0 B 31,3, -3 00 b
TE)9,9- TR BMERM 12 h J5IIARE
Hig. KHENEAFEPRE, SREINFS
5,7-Z(2-MEMy EEEE(3,4-b 1 FE[1,4] BRI E
W.oHAR9,9- RIS, T-Z(2-BEN AL )EE[ 3,
4-b]3H[1,4] ZRR R ERE L A B 99:1.95:5.85:
15 0 70 : 30, A8 [ A9 3 B 97 i 4 2 PFO-DTPL1.

PFO-DTP5 .PFO-DTP15 1 PFO-DTP30, 7= % 70%
~82% LA SE WA ER RZEE RN R
4T F-GPC 2410 BIEE R 125 015 (Y (E H Waters
ATFW B4 F &5 3 R, PFO-DTP1(M, =2.7 x
10°,D:3.1) ,PFO-DTP5(M, = 1.8 x 10',D:2.4),
PFODTPI5S (M, = 1.2 x 10°, D:2.8)}, PFO-DTP30
(M, =8000,D:1.6).

2 GRSV

RIABTHRYWEH S TE. S TES
ARSI BETEEEMNERSYYF DOF
1 DTP MEE/RIL. EARASBINERYEET
A —E P HEkmEERP. Ak
EWM EXBY T EFRHBAEKS BB N, FER
BAYMATRER BEEHRRAESRMNNY
mEAWHSFE TR, XFITRERTEFRS
H(DTPMBEREREE RELXRYFEWERER
& BN, A R A LI Y 0 I AR BE R (R R
FFHTEOHE N NTELNBOTES
RE.FCYPEHNREEAENIBENES RSP
FERABENEEREMENE—-BN(E D .H
HETESYHEEYH H-NMR i, BE9
AT ER LK H L& DTP B 50  E u f
BE[3,4-b1F[1.4] =83 £ M H {7 F'H-NMR %
WEE, b ¥ BTE8.45~7.12 Z 0, Z B T H
bkt FE9 H 4 T H-NMR B0 & 5, ¥ 00 8
0.78~2.78 ZH . K LFMBE .45 K
EUE(3,4-b]H 1 4] R LW, EHHEERE
HWEREST DTP B P S BAEM, bE M
BTE 8.45 Ahry i W E AR R L 3 . h R YR
TLESY B L B R A5 AT R R Ok R 4 R
(B, TURAEERS EHEPRIIAT
DTP #.5% .

B 1 RILEYE THF BBERMESEEM
40 ERYOETE | X e IL B 7E 385 nm [T

Table 1 Molecular weights of the copolymers and their composition determined by elemental analysis

. C content in the N content in the The feed ratios DOF/DTP in the
Copolymers M, (x 10*) MM,
copolymers (%) copoelymers (%) of DOF/DTP copolymers*
PFO-DTP1 27.0 3.1 87.36 0.11 991 101 .44:1
PFO-DTP3 24.0 2.4 86.99 0.51 95:5 96._00:5
PFO-DTP15 2.0 2.8 83.90 1.04 85:15 85.10:15
PFO-DTP30 8.0 1.6 75.57 2.22 70:30 70.62:30

* Molar ratio of DOF/DTP in the copolymers calculated from C and N element contents in the copolymers
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Fig. 1 Normalized UV spectra of copolymers in THF solution at 1 x 107° mol/L (&) and normalized UV spectra of copolymers in solid thin film {b)

A — MR Wod, R 25 B R R L #E 632 nm
Ak B — I TR I e, 2 R B A T B I A
AR, X R RS YR PN R A KM
R R AR B AR TRIT MR A B B D
1(b) g 3t By iy B 75 8 AR A 388 SR VT IO SR MR i ok
W, BN R YRR PR BOGRE R, R
R3S m A HHBENREEEETREAERSE
R meEas H2 AR EBSHBR M
THF %% P ¥ & Y6 325 nm HeCd 3 & F 89 & 51
K ATLLE S RYAEIEE R 1 x 107 mol/L 11
W b A B A R P, 2 4 B AE 430 nm BT MY R
SERLBER™ , ZMHEAYWRLE 745 ~ 803 om
WEAHI— DR, LR R ERERE

12b ,
1k —&—PFO-DTP!

S -—8—PFO-DTP5
@ 0.8 ) —&—PFO-DTP15
g w N\ —v—PFO-DTP30
& osf
—
5 04
E !
q 0.2
£
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500 660 700 800 900 1000
Wavelength (nm)

WIS R, BT HE N B XA
MEFFIREAESERE N, B4R EA
FFLYE KRR B b . 25 W oh A9 & 50 B 75
PRI RSCIERALNL, ARBESERPFHNESFE
et . n—F e, B e A AP B B R 1% Y
PFO-DTP1 BU¥EE N 1 x 107" mol/L B9 F, %
HENERNCEZLBER NEHNAES, BHL
T84 2.7x10° g/mol B PFO-DTP1 &, 45 #:3 1/3
MRS RYEYS MHESERFRARMYE
BOH,. B0 MEBRTHHEA - EHBAE.
EXMERATHEBEPO LN ESTLER &N

EBEBETEENMER.
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Fig. 2 Normalized PL spectra of copolymers in THF solution at 1 x 10™* mol/L (a} and normalized PL spectra of copolymers in solid thin film (h)

Bl 3 B A S0a AL Y AL Light-
emitting diodes F)H — 1k By WL B & B 61, WT LIE
FERHIER T 4 3L B Y 0 R 5 #4545
K, HERRAETBK M, KaBRbiE
FEBRAE - FHATOARAR BREYY
FE RO A B, B R R KR AT R4
BBT 10~200m. B 4 RIEYHEEHREHER

REBMEREELERE TUANLERY RN
AR AR S BRI RS R, X
S5HF 5K TS5 PFO-DBT F R B %
5 DBT E B W4 AHML B PFO-DBT BB & ¥
BRI B THE05% ~ 1.4%)" |, PFO-
DTPS W BB T EABE(0.02% ~0.1%)E
i
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1.2} —6—PFO-DTPI
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1 —&—PFO-DTPS —a—PFQ-DTP15
—a—PFO-DTP!5
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Normalized EL intensity
f=-] oD
£ [~ 0
T
Quantum efficiency (%)

N Ty

(1) PR s BN | B
500 600 760 800 900 1000 1100 ). L L L 1 L
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Fig. 3 Normalized EL spectra of copolymers of Fig. 4 EL external quanium efficiency of the copolymers
electroluminescent devices with device structure as ITO/ versus current density of electroluminescent devices with
PEDOT : PSS/ polymer/Bal Al device structure ss ITO/PEDOT : PSS/polymer/Ba/ Al

G LB, AXRA Suki BREEEGRT 4 ELSIRKBESYHR RN, ZRERY MBI

F9.9- T FRHES,7- (2B R)IEE[3,4-b ) B, LEN—MERNESY RS kA
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SYNTHESIS AND CHARACTERIZATION OF NEAR-INFRARED
ELECTROLUMINESCENT FLUORENE-BASED CONJUGATED COPOLYMERS

XIA Yangjun, DENG Xianyn, WANG Li, LI Xianzhen, CAO Yong
( Institute of Polymer Optoelectronic Materials and Devices , South China University of Technology, Guangzhou 510640)

o

Abstract A series low band-gap conjugated copolymers (PFO-DTP) derived from 9, 9-dioctylfluorene (DOF) and
5,7-dithien-2-ylthieno[ 3 ,4-b ] pyrazine (DTP) is prepared by the palladium-catalyzed Suzuki coupling reaction with
the feed ratios of DTP mole percents around 1% ,5% ,15% ,30% . The resulted polymers are soluble in common
organic solvents. There are two absorbance peak around 380 nm and 632 nm in the spectra of copolymers. The
absorbance peak around 632 nm increased as the DTP contents increased. Maximum external quantum efficiency
reaches 0.1% in devices of copolymers with the DTP content at 5 mol% . In comparison with its very well studied
isomer copolymer poly(2,7-(9,9-dioctyl-fluorene ) - co-4 , 7-di-2-thienyl-2", 1", 3'-benzothiadiazole ) , the poly{2,7-
(9,9-dioctylfluorene ) - co-5 , 7-dithien-2-ylthieno[ 3,4-b ] pyrazine) (PFO-DTP) shows a red shift of about 110 nm
for photoluminescence (PL) and electroluminescence (EL) emissions,and the optical onset wavelength of the PFO-
DTP is red shifted about 130 nm and their optical response is more matching the optical spectra of the solar
terrestrial radiation . These copolymers are promising candidate materials for near-infrared light-emitting diodes and
polymeric photovoltéic solar celi.

Key words 9, 9-Dioctylfluorene, 5, 7-Dithien-2-ylthieno [ 3, 4-b ] pyrazine, Copolymer, Electroluminescence,
Near-infrared light



