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@ E R Wittig-Horner 2N, /0t s hE Sy Wi i 14 O S S0 20 AR SR 0F SV AT 247 655 B (MOPV ) 4
R A WL R B WD R S A RER 2 M EE b, 5 80T — B B R R 21T A= ) PF-g-MOPV. X Fh
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T AR RE R FE RS

EEA BERILE, BUMTEY, PPV AN, BEUROL, BRI

ML B RHESS BB O6E B AR il
55 SEA BT 2 0200 A, 6k
(8 A RO R F i O €8 38 45 BT R X A
LB G PERE ™ 2k 4. 515
IS4 7% (cathode ray tube, CRT) | ¥ i
(liquid crystal display, LCD) , DA M 255 1K 7R
(plasma display panel, PDP) 45 ¥l i 78 45 AR AH
L, AW BUR G 90 (polymer light-emitting
diodes, PLEDs ) HA (KU 8 AFEHAK . %
ATt PR AR A e PR SRR, R 21
JURGR R US4l iR v SRR DA
Wz —, 23 T mERA N KOG R
A LB G TR A% O AR 51, BRI 9 0t
ARG PR RE R AT 9 HL BURO G B A

H M 1987 4F 2 [ Eastman Kodak 2 & 1Y
Tang F11 VanSlyke 7E{KER s L & N2 T & E
LB RE LK , A HL RE W BB B
ST E A Tl R ABH ARz m
TERZ LR G Y BOOUAME D TEA 281
PR LA R G B, v ] 55 5 T 2 A L, %
KRB W PBOURNA A BRI T 52 BR Y 46 h
BE AN, R AT A B — 2L 5] NTE H 1%
K, 25 BT NI P T A IR 4l ), C-O L& ]
PAJT 3 5 | A2 Ao IO PAT LA IG5 v A P g L HL
AN | 2 0 23 Ta) 7 BEL S ey 32 5 Y i s R )
AT BATAR G 00 FAES E M Dla ki MR Ao

faEt; 5SHEE A TR L, R0 sk ik
MAERA B2 7GR, s 7GR R AE
10" em V'SR LA b o HOT R R
A5 1077 emV ST B RATAE M IR B R Ot
(PL) Frsa 35 & O (EL) 8508 63, e 2 i
RIER. R R R S A R R Yk
B B2 HRTTERE SR RSO Y B
T RSTHEICAN , T2 MR AT LA i E 32 %
B AHAt A, AT AR G b 308 48 2 SR W 1 kS
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A TR BRI B e —— R JF e — e 48 T — &
PR GRS E . Cho AR T —
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R, HA AR (0. 63, 0.36) , 5HRifELLE
Fa Ak A% (0. 64, 0.34) dE % 3535, Panozzo %%
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P S TR s A i e
I, AN SR FL A U e O 1) IR 2R PPV A5 A2 W)
(MOPV) $ie s 3 & A — KL B AR SR 25 11 A=
Gk L IF PR ST T EE MOPY 8951 AT 5R 2
ARk BE  CECR ORI BUR S PERE R 2.

1 SRWERS

L1 XNz

JIE R R A A3 A i), Her, D Sk iR
AT AR ATk T & @ iR &l (28]
FAVEFR 7S 7)) RV WL TR WE €, SR )5 W R 2518
J S ZME .

1.2 iR ET AR LER

RE VR RE LR G R A Bruker ARX400
W FARAAE 25°C TN AT, IO H R RE e PR
CDCI, Ml RAE WL IMEEITESE [ PE 2
() Spectra One RYZT AP SEIEA I, # 51 35 R KBr
JER, S iR, F K 4000 ~400 em ™' T HE
AYFTHISE S H PE 2400 %502 /- HT 3075 ; 4> F
it oy AT I (GPC) h Waters-1515 ¢
JBE 532 B A A 2, 0 B SRR LR A
FrsE, LA THE A5 3 B30 s 22 7 49 4 & 3 o0 A
(DSC) 4347 (TG) 7351 i S€ [ TA 235 Q10
P ACHT QS0 B A3 Ay AL A5 5 5 Ab wl DL ' 1%
(UV-Vis) R H] PE Lamda 25 &3 53Hr AL, 35
TR LA =S R e S 1 701 5 [T A IR A 9 o
BLIS, W YR Y28 L EA T IO 5 T TR T AR e )
PL 7£ Perkin-Elmer LS-50 %I7¢ 661 E A 34T,
WA DL = S FR e 9 301, [T AR it >R FH T 2 1
JBET A7 9 4k R 5 o Ak F B0 78 EG&G Princeton
Applied Research Model 273 #IHi Ak 2% T AE [
FE. SRR G = R B JE SRS W Ve IR
BB AR B BT BB A S T AR R A, BA 22 45X
R AT H R AR (SCE) S Z st L1 0. 1
mol/T PU T e e (TBAP) B ZIHE WA H
R IRV, S D 50 mV/s.

KBV ECROCERF R A A BAK
PLED R H oy 302 0 e U IR | 2= A28 B BT A
()7 T 25, i 1) AR 25 0 0 B R SR AL i B 3
(ITO) /(3 ,4- 5 L HEWEWY ) /T (X 2R & I il
f2) (PEDOT: PSS) /482 ¥/ Ca/Al. 5 6 7E 1TO
PR 1 e ¥k — )= PEDOT FI PSS iy HL iR ¥ Uk,
100°CF 525 T4 1 h 3ETEN, I Fielr—2
LY (LRY R EARE W, W 10 mg/mL)

SRIGTE 1.33 x 10 ™ Pa [ 25 55 1F R —)Z 4
nm JE[#) Ca FIH , i )5 7 L TRIZE9E — )2 100 nm
B Al & EAPE. EL YGi%EYE Intraspec 1V A
CCD SEPEIEAX (& [ Oriel 28 /] ) bl 5 L Jii-
I - 58 BE AR TE Keilthley 236 #8943 B A E U2
L BICR D ERCRAE RS ARG A e
1.3 MOPV B EWHERK
BARFIIL IR YA & S R R B R 1 PR,
K0 Suzuki FEG SN, AR 3 4 F1 S TR
RGBS A A PR R A Y PL, it
Wittig-Horner S i , #2 il H [l A& 1 1 2 A0k L
DA R B iy B[], G BT i B R B B IR )
MOPV, iz J5 P-4t MOPV #2244 2] R & 41 P1 4%
b iER 1,2 R4 BT RS AR TR L
RTAAE SR ™, B0k 3 1S (A 72 LB %
SCHR[13, 14].
1.3.1 MOPV &k AP T ,K 0. 190
g (0.3 mmol) LA 1 F1 0. 186 g (0.3 mmol)
A4 2 LK 20 mL THF i A #] 50 mL = [
o, ST SRR SN R N 15 mLORCT BERR
(1.38 mmol) ,7E 50°C 2 Jif 24 h J5,JiImA 0.019 g
(0. 03 mmol) A& 9 1 47 £, S 12 h. 4§
SN AR YA H) 3] 2 3 I i 0 3 K H R
BONfE g, A i = U B A A A P
TN B BT, A R 3 IR, B TR 1S
F| MOPV IRk Bt , W4 80% . IR (KBr) :
958 ¢cm ' (m, trans HC = CH). 'H-NMR ( CDCl,,
400 MHz, 8): 7.73 (s, 2H), 7.57 (s, 2H),
7.33 (br, 6H), 7.22 ~6.98 (br, 36H), 4.09
(m, 4H), 3.92 (m, 4H), 3.2 (br, 4H), 2.02
(br, 4H), 1.73 ~1.67 (m, 4H), 1.37 ~1.05
(m, 20H), 0.74 (m, 6H). (C4H,N,0,), 0
BT C 86.25, H7.50, N 2.95. SZilifh .
€ 86.66, H7.16, N2.55. GPC: M, =2.5x10%;
PDI =1.27.
1.3.2 Pl R E I # 0.268 g (0.49
mmol) FA{EK 3,0.293 ¢(0.50 mmol) Bk 4,3 mg
(0.01 mmol ) B {K 5,25 mg (0.02 mmol ) Pd-
(PPhy), DAL fb i i 0O T 38R fL i ( TBAB) Jin
AZ| 50 mL 5 = HHH, A 10 mL H28 5 5 mL
(2 mol/L) Na,CO, /K%, 1 FL75, 3 Ar,0.5 h
JaFHRZE 85 ~95°C, Je i 72 h &, e i A b
4= = DR R =R BB R T , 45 SO 12 h, A7 3
Uity SN o I R AT 2 R BERIK (102 1) BTR



53 2R < A B AR SR X A . LA B SR A A AR M B 5 T S R BUR D P 503

F
A
: Ne
a
o N
O0=F OoCH;,
‘A
v oHC KOC,H,, THF
2
CH0 g CHO
Q
3
=
g o0
1 2
Ry Ry R, R, CHO

K,CO,
—_—

Pd(PPh;),/

Toluene/

PF-g-MOPV

Scheme 1

B, T ug, 1S BN LF 4R E AL PR 24
h |5 B2 T, 7% 76%. '"H-NMR (§): 10.17
(s, 2H), 7.81 (br, 257H), 7.67 (br, 514H),
2.24 ~1.90 (br, 514H), 1.58 ~ 1.44 ( br,
128H), 1.12 ~1.04 (m, 1028H), 1.04 ~0. 69
(m, 1028H), 0.69 ~0.60 (t, 1542H).

1.3.3 HERR N AR 8 1.3 (0.1
mmol ) ) P1,3.6 mg(0. 1 mmol x 1. 54% ) MOPV
DI K 20 mL THF fit A% 50 mL = A, =l T
SRR AL N AN 15 mL AT B (BAAE Y
4.6 %) , I 12 h J5, FHEF] 50°C, 4852
N 24 b, PUATEIOR & P, g, Brds 2 R
AR 24 h 5, BL25 T8, 10K 83% . 'H-NMR
(6): 7.81 (br, 4H, ArH), 7.67 (br, 8H,
ArH), 2.24 ~1.90 (br, 8H, CH,), 1.58 ~1.44
(br, 2H, CH), 1.12 ~1.04 (m, 16H, CH,),
1.04 ~0.69 (m, 16H, CH,), 0.69 ~0.60 (t,
18H, CH;).

2 #RE5itR

2.1 {RE# MOPV MEEWHIE K

{KE Y MOPV J2:i8 1 Wittig-Horner JZ )/ 45
(1 ZAZRE 1 (AN 1a BFoR ) th A7 7E R B 1
FROEWE 75 6 = 3. 4 (LB B A0 4 i 05, 0 BH %
R v A B , W ORIE T iz BT —

The synthetic route of MOPV and the polymers

AHR N TP BT PE. R, RS Y MOPV 1y
LA 2 AT B 961 om ™ A 1 45 2 W i
TERA TARR Y b R XU AR L. X T REW
PLCE 1b) T 75, 38 Ao A% i 1T 33 v A e i i g
AR, B R 3R 2 B b i S B i iy
0.77%. il i ¥ A5 S L e 453 2 ) 3 5 1) PF-g-
MOPV (A RE 1% (P Te) Al BEJE RO R AR I 2
S5t Al P Al W A S W 2 22 58 B

H TR A M e i b SRR i T A 2]
REY) Pr-g-MOPV SHARTA R G4 P1 9701
AR, WA R, REW AT ANk,
=AM b, B RS EE  R. KA PL ORI PRg-
MOPV (5 F- AR F s TR 1 .

Table 1 Polymerization results and thermal properties of the

polymers
Polymers M, x10~* PDI  T,°(C) T,"(C)
P1 1.3 1.5 64 360
PF-g-MOPV 1.5 1.4 75 372

* The glass transition temperature obtained by DSC under nitrogen at a
heating rate of 10 K/min; " Temperature at 5% weight loss by a

heating rate of 20 K/min under nitrogen

2.2 REVHIHELE

K H DSC I TGA (1) 75 23 T 5 & 4 i 4
PEfE, AR TR . B 2(a) HREYH
DSC 55 R Al it £k, B & AT 41, PF-g-MOPV 1}
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Fig. 1 '"H-NMR spectra of MOPV (a), Pl (b) and PF-
g-MOPV (c¢)

PSR ARIR B L P BRI — . ERAYN
DSC F-il AR A 24 v, 352K & B A 8l — 2 AH
U RUNT YR TGRS L7/ SE S St 7/ M 1] )
(b) iR, B4 P1 Fl PF-g-MOPV #5389 1 4%

TR PRS2 M, PF-g-MOPV (1) 140 35 B 1 P1
LR — L BT IAT MOPV 845 0] T2 5
REEWMIFEEERE. th TGA Al DSC 455173 #r
AR, T LIRS WS T A 1 iV A IR 1R A2
g ).

—P1

-0.5F - = 'PF-g-MOPV
R e S
g
£ -1.0P
=
g
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Fig. 2 DSC (a) and TGA (b) curves of the polymers

2.3 BAWHIEIMNRBLE RS KN ik

T T2 40 AT LG 1 A9 56 6 3% X MOPV il
544 P1 Il PF-g-MOPV BSGH BIEREEFT T B
F2, BRI T3 2 . AW S A0 T LG A
POOEE M 3 iR, WE AL, B4 PF-g-
MOPV 75 ¥4 Vi R[] 1A B8 v (W i 3% 5 3 2 1 26
L Hefme R0 43 31 380 11 390 nm. iy F*
SLZ Wy MOPY iy 5 /b, PR e 7 W MO 33 v O
o T R LR R A K SR
K, A5 SR 0y 7 Y YR [T IS e ) L 1542 51
RS, TER SRR ITOOET , BaY PF-
g-MOPV TE A B AT B R A8 T S 42 7R 15 L A
GG BE WA & B, 2 BE R TR 25 F B A
MOPV {48 4 iF % 5. 1E R A BORZS T, 24
SEB WS T MOPY ) fik k& 5T i
(A =524 nm) LR ART(A,, = 578 nm) R T
54 nm X AT AR R HALS T MOPV & b,
{75 MOPV 4 55 5 7] F R B 3 422850 07 R IR T 2.
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Table 2 Optical and electrochemical properties of the polymers

UV (nm) PL (nm) HOMO LUMO
Polymers
In solution In film In solution In film (eV) (eV)

PF-g-MOPV 380 390 440, 530 426/448, 524 -5.73 -2.31
P1 380 393 417/434 440 -5.73 -2.32
MOPV 312, 339, 457 315, 330, 464 520 578 -5.30 -2.80

FH T 2R 00 0 T R0 [T AR v B BR S AN T
YGRS IR EEA P X 0 b DG R S Y
SR B L 2ROIC BE AR 95 HE LR, O A SRS U 4 7 7
T 530 nm gb, T [ R BE 20 K S IEALT 523
nm Qb ORI A —E PR RIS, X n] A
H T OB [ R B ERDIR 2T 2 5 ™ A S BBV
MNTATTE J8 1 R BT 7 T AR R A bR 25T
G A R EE B G 5R LT 5 OBy kbt
WA 1% 5 2 A 2, 3R T RS 2 ) % MOPV

——PF-g-MOPV sol

1L.OF —O—PE-g-MOPV film

o o
o 0

<
~

Absorbance (a.u.)

0.2

300 400 500
Wavelength (nm)

HATRIRER AR RN W IR 1. O Tk
SEAIAIL IR Y r 1) B 1 0 £ 1) E AR AR A0,
s P1 A MOPV $2 HEIL IR BT A A B0k L 47 3
ROERIEA 1:1.54% ) W 5E T iz LR YILE 1
R A K LT, i 3 (b) Al LA
TR0 230G B4 A S e 14560 J5E WA AR TR R AL 3R
Wit A5t v ke ml ) W 7 L SR TR 4 e R R A
W PR IR R 2R A 2, N WIESE T MOPV &2
AP R LT

—O— PF-g-MOPYV sol
1.0 —O—PF-g-MOPV film
. Blend of PF/MOPV
0.8
2
g 0.6
E
5 04
[
0.2
0.0
b 1 1 1 1
400 450 500 550 600 650

Wavelength (nm)

Fig. 3 UV-Vis spectra (a) and PL spectra (b)

2.4 REVHNREERBIIE

N T EHERE YRR R PLH], 3,
T3S TR A% P1 MOPY {y e FivERE. 40l
4(a) s , MOPV HAT AW Cs , e rp, i I
WA VA T 3 A S B 18 = T ) i | HG e I

1.2

-+P1
-O0-MOPV

1.0

S o e
'S o o0

Intensity (a.u.)

<
)

g
o

300 350 400 450 500 550 600
Wavelength (nm)

W43 5911 g 339 A1 312 nm , 3% W% WA #1545 4% B8 25 110
RSPV RG T oy — W U R T AR,
LR KRS 43 )R 457 m, T4 W WS A -
VR K S B 55 IR DL AT HEWT H X R 32
TR Z[H] ) Forster BE %78 2 AT LA RGHAT11Y).

2320V
280eV | g0y
L]
Ca/Al
P1 | MoPV
SEDOT 5300V
-5.20eV
b 5730V

Fig. 4 (a) The absorption spectrum of MOPV, and the emission spectrum of P1 in thin films;
(b) Energy levels of ITO, PEDOT, P1, MOPV, Ca/Al
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2P, B T P1AI MOPV [ HOMO Fi1 LUMO
Aeg , HAE S T3k 2 . & 4(b) AT A1, MOPV
) HOMO R T Ot B P1 i HOMO BBZL, 1M
LUMO GEHIAET P1 (1) LUMO GBS, A 31K
BHAILEE T fife e = 55 P ) H A 18O A S 04 ) B
MOPV (1) fig & 5 8 A 201
2.5 BEEYMBHELMEE

45 T 45 ¥ 1TO 3% 55/PEDOT . PSS/ 4t B
Y1/ Cas Al RE YR HLZ R BUE L. LR YK
FLEUR 61 BT DA M 5 B - A T -F R (B-V-T) i
LANE S s, B SEUR e S B T3k 3
H A S (a) B iZ3EREE R Y EL GG H A
BEOGI AT, e K ST T 540 nm &b, 3%
By R 5HAJE T 4E MOPV. i 4% MOPV. 1iij 32
BRSO PL A & BHIG B 2o 2 TH 0%, Ul 485 )
MEE AT T 8 M RE R R X Tix s LR Y

1.0}

sl PF-g-MOPV

0.6

EL intensity (a.u.)

0.0
a 1 1 1
400 500 600 700
Wavelength (nm)
1000
1600 b
~ 1400 - 1800 m’é
E 1200 =3
2 1000f {600 E
2 2
g 800f iz
5 600t 1400 3
& I =
400 1200 g
200+ O
0 L 40

1 1
12 14 16 18 20 22
Voltage (V)

Fig. 5 (a) EL spectrum and (b) B-V-J curve of device based
on PF-g-MOPV

Table 3 Electroluminescent properties of the grafted polymers

Luminance  EL efficiency CIE
Polymer  Vy (V)
(ed/m?) (cd/A) coordinates
PF-g-MOPV 13 1550 0.35 (0.30, 0.57)

M5, EL Y63 8 28 6 B 1 & S 06 L PL Y e
(R T B N5 L X R R G WA EUR
6N HL B X A 1 B P ) R PR R
) X 5.

TEILRYCEOR R R b, WSO & Gt
FEZH T P1 [1] MOPV AR HITiHEAT Forster fg
R SE LY. e B R R T BR T A7
FEX P Forster gt 5585 LIS, i 2 A2 T 16
BEWLEES 7 i8] 5 (b) B-V-J BT AT, A
YR ECE MR Ja B LR 12V, R KR s
JEikF] 1550 cd/m*, 7E 16 V HLE T B {0 A 5
(0.30,0.57) , f FELIE X, SA MBI LI
R A B AR RN W IR 2 I L R o i e
#7(0.03 cd/A,210 cd) ML LIRS W
ROR UL R INCSE A B i T 10 Fi1 6 4%, iX 3R]
WSR2 e B R 2 8 T L RES A AL
REAIR T 2R 5 W TR g 58 4 1T 3 B30I VR KU, DA
T2 = F ORGP RE.

3 #Fig

i Suzuki fHIK, K18 S TR A
RAb 2B 2 B R 25 L8k, 85 R Wittig-
Horner SN, 7 Wi i 5L A IR R MOPV 55 Br 15 5%
25 o b SR AT SO, A5 B — T 2 Y S A
Rt Y) PF-g-MOPV. AR IS 21 RS W 1Y
T, R T, ¥y H AT =, B MOPV 95 A (15
REYPRENA ke, LIILRY) PF-g-MOPV
N RICIE I HZ AR F R B 2RO, B AR AR
(0.30,0.57) , I H.id i 3= 5% o) 00 6% A7 2R BE &=
Fet% il s T HREBCROLTERERF MR B W KO
BEIZRA W R IR E) 1550 cd/m”. HF5T
R, BBCRO G R R R T PP ILEE, AR
JL MOPV i T ERR G PL (FaBFZ T, GES
R SRR N0 S RN NTTIEE= 95
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SYNTHESIS AND ELECTROLUMINESCENT PROPERTIES OF
A POLYFLUORENE GRAFTED OLIGO( PHENYLENEVINYLENE
DERIVATIVE WITH TWO TRIPHENYLAMINE SIDE GROUP)

LI Hui, ZHAO Bin, SHEN Ping, WAN Meixiu, TAN Songting
(College of Chemistry, Xiangtan University, Key Laboratory of Polymeric Materials & Application
Technology of Hunan Province, Xiangtan 411105)

Abstract A polyfluorene derivative containing a monomer with bis-aldehyde functional group was synthesized
according to Suzuki coupling reaction. Then, a small amount of oligo ( phenylenevinylene with two
triphenylamine side group) (MOPV) with bis-phosphonate functional groups was grafted to the polyfluorene
derivative with bis-aldehyde functional groups by using Wittig-Horner method. The structures, thermal , optical
and electrochemical properties of MOPV | pre-grafted polymer P1 and the grafted polymer PF-g-MOPV were
characterized by 'H-NMR, GPC, DSC, TGA, UV-Vis, photoluminescence ( PL) spectroscopy and cyclic
voltammetry (CV) ,respectively. The grafted polymer exhibited better thermal properties than the pre-grafied
polymer P1. The grafted polymer exihibited two PL emission bands ascribed to polyfluorene and MOPV
segments, which indicated that Forster energy transfer from polyfluorene host to MOPV guest was efficient. This
is the main mechanism in the PL process. To investigate the electroluminescent ( EL) characteristics of the
grafted polymer, a single-layer PLEDs device with a configuration of indium tin oxide ( ITO )/poly-
( ethylenedioxythiophene) : poly ( styrenesulfonic acid) ( PEDOT: PSS)/polymer/Ca/Al was fabricated. The
grafted polymer emitted yellowish-green light with the international commission on illumination ( CIE )
coordinates of (0.30,0.57) and the maximum brightness of 1550 c¢d/m’. The MOPV segments serve as
effective sites for charge trapping, which can trap both electron and hole from the polyfluorene backbone.
Charge trapping rather than Forster energy transfer is the main mechanism in the EL process.

Keywords Grafted copolymer, Polyfluorene, Oligo ( phenylenevinylene ) derivative, Electroluminescence,

Energy transfer



