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M E RASumkiBEAEERET—RAIFAEMN 9, -ZFEY (DOF)EE(Th) MitEYw . Hd, DOF
5 Th EH H (BEJR B ) 53 81 8 95:5(PTFS) .90 10( PTFI0) .85 : 15( PTF15) ,70: 30 PTF30) .50: 50 (PTF50) . fF
MESYHAIRTHAMOAENR, 0 THF,CHCL % .40 T8 6000 - 53000 Z [0 SEEH E4h7 A
MR CEEXBEREETOR, AR KE PIFS B /Y 490 nm L # B PTFSO B A9 541 nm BB B 8
BRI RN B RERAANABEARELEEZNER OXERADNHAESHSEAF . RABEE RS
B4 PTFS §1 PTFIO 89 0.45% iR AEA TP FIALC BN EFRAKEN T EYESNELBG

BEXBE.

KR Sunmki BE, 5, BY, R, OB, HBEKE

EEUMRAMBEBGHHRERER N E
FHEIRSHXHERATTRENE R
BRNEA MENHARENESRREL
HHE EESH PPV, B B B (Polythiophene ), B %
{Polyfluorene) LA R R M B % . B Y4 A HATE Y&
TERE—REMPHABRER T, it e E
HANLEBEABLERS CEENEERREN
HHABFERO0.6~08)" BHE G UNES
THRA, EREREERESYH N LHERS
mMA G M BRARNETERNENREEAY
TR e AT BE R by B 230w AL IR LR ek it
HHEBRAARNEAEE, Nk, RGEMHE
—HERFERHEEOHFRE MR BEE
BEHRKBRT BB AARANFTRD N
REAHME EERS EHPSIABFRAR
BUAEESTRATEANBTRESNAEE
e BRI RAUT R REFRYES
Y ESERGOEETIARK ZHREEF
ERFTHRERESYERETFMEE, R
LB FAER-ZHRERY AXFERRE
B TP AT TGRSR RN
BW  Lamnq' SR B F BT E, Touie” %
¥ H stille 184 77 8 LA & Inbasekaran'™ , Ra.ngerig] ,
Blondin'™, Anne'"',  Bemius!'?, Isaballe™,
Charas'™' , Liu'"*"'*' #1 Leclerc'"” % 3% F§ Suzuki 84
FEGHRN T H5En@itEY B8, 188

HRBAHSHERHZ LR, TRENE
BN TEERERARELRERRK FXFE
RESHERDFHEPIATASR(ETFRANT
50% 52453 F)EEM K A Sumki RE FEG WK
T—RIAR LB 5EGHLRILEY,H
MHABBMWAEAREGY R HARMEX —BE
(LED) 8t 8B4 17 T Wi A 348

1 XTRFH

1.1 FEH
FXFrRAER SRS aal M. L THF,
CHCL.CCL, W R F AN EFEHRHLEIBRKE
HlabHE .
1.2 PEMER
1.2.1 9.9-Z“¥EHMMEH"™ HHET
THF P, E-TBCTFRHMETBE,EN, KHF
BBt h, RN 1-REFERA THF HIRE W ARG
EERTHAEZLABHE BRABRBAZS
KPR BRI, A VL2 B A 3h K ¥ %I
XK MgSO, TH BMETREBN, BEEX
BMBREERAN - RERGBINRCHMRBK. &
2 92% . 'H-NMR (500 MHz, CDCL, ): 87.69 (dd,
2H).7.29{m,6H},1.94 {(m,4H},1.11 ~ 1.06(m,
20H),0.81(t,6H),0.60(m,4H) .
1.2.2 2,7-"89,9-"FEFH )M R
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(1) BT CHCL, F, H A Fe ¥, 7€ 0CRATA
Br, RAGETERM7Th, BENBEWHAKS
3 NaS,0, iR BEEL A%, K2 CHC,
B, BESANZHXK Mg80, T# .BREEH
FRARMELRB AL G RE & &K 52 -
54°C ; 7= % 80% .' H-NMR (500 MHz, CDCL, ) : 87.53
(d,2H),7.46(d,2H),7.44(d,2H),1.91 (m,4H),
1.24 ~ 1.04(m,20H),0.83(t,6H),0.58(m,4H).
1.2.3 2,7-%0(4,4,5,5-V H %-1,3,2- " & 5: 8
- X)) 9. 9-“FEHDHEM #BET
THFH,7E - T8CTERMAETE#,ZEZN, |
KTFRM2Zh REHBREMA 2-FHHE4,4,5,5-
PO 2E-1,3,2- _ R AREEZERKM 24 h.
BEMESHBAKP HFRALBER AILEHM
Arih 7K BRI X K MeSO, T8 . WEBR L& A
JEE P M E 6 F ik, R R Y ok i A A A B
AaBFRREE R RARR/ZMIB/IAEC
BEAE 2 B, 4 128 ~ 131°C, = % 46% . 'H-NMR
(500 MHz, CDCL, ): 67.81(d, 2H), 7.74 (s, 2H),
7.71(d,2H),1.99{m,4H),1.39(s,24H),1.22 ~
1.00(m,20H),0.81(t,6H), 0.56(m,4H) .
1.3 BawHaR™

AT HaAILRY 2,7-(4,4,5,5- 4§ -,
3,2- W AWR- T R)-9,9- T RH(3),2,7-&-
9,9- " (2)Fl 2,5- R EEM LUK [E /9 AL 7
T % fl 2 mol/L Na,CO, KBEHRF . ABEH/IMA
(PPh, ),Pd (0) ( 1.5mol% ~ 0.5mol%) L. K
Aliquai336,7E Ar SS(TEIF 48 h f5 , M AL EH
2,7-%(4,4,5,5- M H ¥.1,3,2- AW —H)-
9.9-“FEWKN 12h T EMAREH . REH
B RT3, 1 I I M pE ok LA BR 2 R S A 4L IR
BEESTTHEULWLEI-FZTWNESERH
HERY  H A ,9,9- 7 3 B 5 e u B BB L (BEUR

B 43 B4 95:5.90:10. 85:15.70:30.,50: 50. HiL
B ¥ 4 B fr & 9. PTF5. PIF10, PTF15. PTF30,
PTFS0. =% 0% ~83% .

HTHELRYMNSHR, M —FHELRIK
BRMBHNSEAGTRESH. TESTERA
 PIFS5:C,81.74,S, £ ¥ 1 ; PTF10:C,87.46,8S,
0.69:PTF15:C,87.57,5,1.29; PTF30: C,85.97,8S,
2.52;PTF50:C,80.60,5,6.96.
1.4 BA4PERHEZEMEEN

LED # R EEELER B AT RE
EHRA TERS. BHMEERSEW A ITY
PEDT/E &40 /Ba/Al. B & ¥ %' H-NMR 7E Varinan
Inova 500 B 2% b # % ,CDCL, #EHE R, TMS A A
b s UV-Vis RIS 75 HP 8453 BY % 4l WL 73 0E
FeREH (£ Agilent 24 7] ) FWIE B RRBET 4
HEHR M A M, T GPC 2410 BUE BB & A%
{X(EE Waters 2> #]) EWE , B 7 THF RN E
¥ 2.4 PL 7 EL Y3 7E Intraspec IV B CCD Jtif
i (EE Onel A7) FWE ;BB RAMESLE
BREMNEXE " HE FME ERRANEN
S80 XY A4y 3R (£ [® LabShere 24 6] ) AL & UDT370
B Ei#E  MENE AN He-Cd BIOER (EHE
OmniChrome 23 8] ) I 442 nm 528 BIRA L LR
CHI660A RUHL b2 T AE sh Mg s U B ¥ B vano EL
TEE T (#2E Elementar 28] } 7T .

2 HR5iTiE

BA2,7-21R-9,9- T FHE%(2),2,7-W (4,4,
S,5-TUREE-1,3,2- T AREl-—H)-9,9- " F &
Hi(3) M 2,5-_RmEmy kb, R SN
Suzuki BEFEERT— RN D S EWRK
HEW(RRA ).

A 58 4 ik 59 80Kl L (DOF: Th) 43 312495

R R
0\ /0 Br " Br
S5 SRS s
O N
Br S Br
3 l 2 4
R R
[\
O

95/5 (PTF5), 90/10 (PTF10), 85/15 (PTF15),
70/30 (PTF30), 50/50 (PTF50), R = n-octyl

Scheme 1 Synthesis of the copolymers of fluorene and thiophene
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:5(PTF5).90: 10 (PTF10) ,85: 15 (PTF15) .70 : 30
(PTF30).50:50( PTFS0) . i th s E r s R =W,
ERH EHEPERTA MR EE SR E K
HH &8/ (3 1).PTFI0,PTF15,PTF30 A GHL i
B, PTFS0 R A0 eIt 4 oA 30 3R 4 a8 2 R AT
18 A R Y B R AT LR ATT9E A Suzuki {8
EHEEHRHXEDHN - . SEnLa
hF50%E B EGETHHERRTRES
PFOEEB S, MARREA R TR L mEry 4
HENHE ATREREAYNEHENNDTH
BEHMESHM G H3IATS MR KELRE
B ERMBGHMALER2,7-3(4,4,5,5-4
BR1,3,2- 8 EME-ZR)9.9-—FRHEHN
ThHERBE . BMALTEAMNREREZNTER
LR RERE A AWE FAREFHIER L
HERAERHBMIEDHTEARE 2HESDW
SFRBEE, CALRYM S TR LAFIL
EYmaTREeE S FRESTHNZIBREE
1.4~2.82H(E 1), ZIREFTHARUEFTESH
BRMA FMENLRY, BETEHNELE
|, CHCL, ,THF, DA R BB %%,

Table 1 Number-average molecular weights and elemental analysis of the

copolymers

DOF/Th monomer DOF/Th meolar ratio
Copolymers M. (x 10°y D

feeding ratio in copolymers
PTF5 18 2.3 95/5 -
PTFI0 53 2.8 90/10 92/8
PTFI5 30 2.3 85/15 86/14
PTF30 27 2.2 70430 75125
PTF50 6 1.4 50/50 50/50

PTF5 . PTF10, PTF15, PTF30, PIF50 & UV-Vis
e (A DEREARREERMER. 2NK
Bk % W kg 4y % 4 384 nm. 384 nm. 390 nm,
400 nm. 433 nm. HEE R S & /DT S50% 0, BEEH
LIRS, RICEER R OCIE . TER S
B4 50% M35 B L B8 PTFSO, HE iy 51 T A IR IR
BE, HRWEA BT 433 nm. RBEGHH T E S
RIBEHF B 3 5 K4 2.73.2.66.2.61.2.58.2.45(F
2). MUBH MERSIEPEGSENEM,
UV-Vis RIEIE MR R ZHFHLBEN . R4
LR AIRERE B I 5 R Z A HE X
H5 R 2 JH & G BR /b, 2R S ey 55 2 IR] B BE
HRERR HESDNEREEXR  FA,
WENY LT R S TR RS T AP T AT

RUEEZHE T ERGYHRENBLTIFHER
KOBEWHREREME FFUERS THPIIAE
WL BEMIABRRETAR MERSY
FHPERTRENEN ABMBEEALEZEN
EMSERE HEYRWAFOHEREREGY
HHF B

1.0

— PTF5
—o— PTF10
—t— PTF15
—s— PTF30
—o— PTF50

=
2o

Normalized intensity (a.u.)
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Wavelength (nm)

Fig. 1 The UV-Vis spectra of the copolymers

FREESYHEALEMKRETE 0.1 ml/L
DT 3 2 7S W B 52 ( Bu, NP, )-Z RUIR B P #E AT
B CYE R N RER, S B iy HRE#, #
“AHMBRER . K2 PR ALEL . H
A SRR EFRSBINEFRHEDRER
Mt —HA TR 2P XEHXBYF BERSH
FHEFEN RSN, eV EHPERK, AR
EMERBEAENERBRACGEK 2). X 2PFIH
B Leeuw EHEZ B AR Eywo = - e(E,, +
4.4)(eV) R Epmo = —e(E g +4.4)}(eV)Y(HET,
E,ouo ¥ HOMO BE 4R, Ep o N LUMO BER) M E
o, [ 4 B it B A9 HOMO 5 LUMO B24% .55 %
U, FEESYH LUMO EE WEE B A3 A —
H,.¥EHHETHHERKRE . MR i, HOMO f
FRERENERATHFEEHER RITEES,
Fr8 B e &L B HOMO, LUMO MEIES
HER[4 1P B AR R .

PTF5.PTF10. PTF15 ., PTF30, PTF50 ) JE % M
BETE 325 non B R B KT BB R OE(PL) i
H2im MAELHEEYH PL LS 4 —
B ERAH IHPSIAREG TS, RN EN
W (2430 nm) R EERERAHWBRT 25
O AREEEMSEANM, PLCEEHOE . I
FHHEE 1 A2, RATEEE PL HELE R
NEE X EHILEY M Stock Shift FEER X B
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Table 2 Optical and electrochemical properties E o2

Conl P yr— Eox E Band HOMO LUMO “ 00 ' s

FEE fam] (W) (V) gwleV) (V) (V) 300 400 500 600 700 800

PTF5 384 138 -1.35 273 -578 -3.05 Wavelength (nm)

PIFI0 384 1.35 -1.31 2.66 -575 -3.09

PIFI5 3% 1.3 -1.25 261 -571 -3.I5 _ ,

PIF30 00 123 135 2.58 _561 -3.08 Fig. 3 Electroluminescent{ EL} spectra of the copolymers

PTF50 433 115 -1.30 2.45 -5.55 -3.10
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Fig. 2 Photoluminescent{PL} spectra of the copolymers

PTF5.PTF10, PTF15, PTF30, PTF50 B9 L B &
F(EL) itk 3 AR .ENM EL XS PL X
WREE - FEMEERERIEAYMMN, EAEK
HEHLR . B PTFS A9 490 nm LB B T PTF50 K
S4lnm. AE 3 RAILIES , H5ERH AR
P EL A EA - EBRRKEFENWALS
FaBEWI Y, REMNXPLLE -S . EBE.%
Semy i HLEY PTFS0 M ELLEH 5 XM
HBEYGERAMX Y. TELRYH EL ALK
MRAEFBE-RF RRACEARYEX
HMEBYMNEEEHEE THREW L, BEK
L G b i e - S

RIWBAHER ST BILRYH PL MBS
EABHNELBRFRE BERS THEPEY
SEHEM, PLAEL B TRERREMHERK .
ERG IR ARRATE PLEFREN
BERENE THRIEFHEE BN, KR &

WEAENSEXANER BRFRFSEMET,E
BFHss s, il PL R b FE R HBE
HEER 3N EL BRI B[ 1L, 13]PriRERN
AERGAREREL BAMEEW SRMOMMN,
F YA HOMO #7488 5 BI85 3L PEDT K9 &M
(4.8~5.0eV), BT EL B F %38 007 B 0 &
BHMEmE M. BB MRS RIBARME
MBERTEERRETFOEARNBTFEIRRFTH
A #E—-HREEARGYSHERE BRI AEHT
VEE A ST 0 2 R4 7 ORE .

Table 3 The maximum PL and EL wavelength and PL and EL efficiency

Qerme
(%)

P Pl nan
(%)

APLacae A Elunas
Copolymers

[nm] [ nm]

PTF5 468,495 490 51.3 0.45

PTF10 472, 505 495 4.5 0.45

PTF15 475, 507 505 41.2 0.4

PTF30 478, 510 515 14.7 0.3

PTF50 571 541 0.25

A CEREELN Souki BATESRET
—RAHRNG ESERNEEY EMARES
A FRARGFHNERAER . BTHEAMNALE
H.EXEGEBEPFSIALER(<50% )M BRE
EMHT LS ARKRSREYOFR ATHE
FRANELEE, A FEIMLRPHERE
FAEXNBTHERL PR EHZEFH®
FYERBL BHERITARA Swki BEF ¥
AHEBLEBO% ~S)BRTFREKBREEIWR
HEMBPMEEYME -AEAFRENFTR LA
E&Y.
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SYNTHESIS AND ELECTROLUMINESCENT PROPERTIES OF COPOLYMER
OF FLUORENE AND THIOPHENE

HOU Qiong, NU Yuhua, YANG Wei, YANG Rengiang, YUAN Min, CAO Yong
(Institute of Folymer Oploeiectronic Mulerials and Devices, Scuth China University of Technology , Guangzhou 510640)

Abstract The emission color of polyfluorenes can be turned over entire visible region by incorporating comonomer
into polyfluorene backbone . In this paper, we demonstrate color tuning in polyfluorene derivatives by incorporating
thiophene into the polyfluorene main chain, High molecular weight ( M, = 6000 ~ 53000 ), readily soluable
copolymers of different compositions were prepared from 2, 7-dibrome-9 ,9-dioctylfluorene (DOF),2,7-bis{4,4,5,
5-tetramethyl-1, 3, 2-dioxaborolan-2-yl )-9, 9-dioctylflucrene and a narrow band gap comonomer 2, 5-
dibromothiophene using palladium catalyzed Suzuki coupling methods. The comonomer feed ratios of DOF to
thiophene were 95:5,%90:10,85:15,70:30 and 50:50 respectively . The resulting copolymers are soluble in common
organic solvents, such as THEF and CHC, . The actual molar ratios of DOF 1o thiophene in the copolymers were
estimated by means of elemental analysis. The results indicate that the actual ratio of DOF to thiophene in the
copolymer is very close to the feed ratio. The electrochemical , optical,, photoluminescent ( PL) and electroluminescent
(EL) properies of the copolymers were studied . Cyclic voltammogram (CV) indicates that the LUMO Jevel of the
copolymers is close to that of the PF homopolymer, and it keeps almost constant for copolymers with different
thiophene content. The HOMO level slightly decreases with increasing the thiophene content in the copolymer.PL
and EL peaks are red-shifting with increasing the thiophene content.The maximal EL emission wavelength of the
copolymers is red-shifted from 490 nm to 541 nm, when the thiophene content increases from 5% to 50% . Both PL
and EL efficiencies decrease with increasing the thiophene content. The highest external EL quantum efficiency
0.45% was obtained from the device at the thiophene ratio of 5% and 10% , respectively. The results indicate that
the use of conjugated polyfluorene as wide band-gap segment with a small amount (1% ~ 5% ) of narrow band-gap
dopant in the molecular level could provide a new way to combine high quantum efficiency along with color turning
ability.

Key words Suzuki coupling, Fluorene, Thiophene, Copolymers, Red-shified, Electroluminescent



