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Fig. 1  Synthetic routes of three copolymers
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10 O 969
90 g 100 mL
93% . 2.9 ¢ 0.03 mol 1h.
'"H-MR 400 MHz CDCl, & 6.81 s 4H 100 mL
3.80 t 4H 1.80~1.71 m 4H 1.45~1.30 4:1
m 12H 0.92 t 6H "“C-NMR 400 MHz
CDCl, & 153.21 115.41 68.70 31.65 29.38 6.3¢g 89% .
2576 22.60 14.04. "H-NMR 400 MHz CDCL, ¢ 6.88 s
1.3.2 1 4- 2 5- 2 1 2H 3.93 t+ 4H 1.81-1.76 m 4H 1.53~
11.1 g 0.04 mol 90 mL 7 mlL 1.33 m 12H 0.8 t 6H 0.25 s 18H
3 mL 103 ¢ “C-NMR 400 MHz CDCl; & 154.45 117.76
0.048 mol 13.1 g 0.048 mL 114.43 101.03 100.42 69.91 31.98 29.71
24 h 26.08 23.00 14.31 0.03.
20% 1.3.5 1 4- 2 5- 5
2 mL 5 mol/LL
500 mL 3 x 200 mL 20 mL 4 2.82 g 0.006 mol
20 ml } 2 h
100 mL
12.7 ¢ 60% .
'"H-NMR 400 MHz CDCL, & 7.16 s
2H 3.92 t 4H 1.84~1.75 m 4H 1.55~ 1.57 ¢ 80% .
1.34 m 12H 0.88 t 6H “C-NMR 400 '"H-NMR 400 MHz CDCL & 6.95 s
MHz CDCL & 152.83 122.76 86.25 70.38 2H 3.97 t 4H 3.33 s 2H 1.71~1.31
31.46 29.11 25.66 22.53 13.96. m 16H 0.9 t 6H . "C-NMR 400 MHz
1.3.3 2 5- 4- - 3 CcDCl, & 154.43 118.26 113.75 82.75
2 7.95 g 0.015 mol Cul 0.14  80.19 70.13 31.90 29.50 25.97 22.96
g 0.75 mol 2 Pd 14.37.
PPh, ,Cl, 0.53 g 0.75 mol 250 mL 1.3.6 6 5
100 mL 1.63 g Smmol 3 6.25 ¢ 12.5 mmol
1.47 ¢ 0.015 mol . Cul 0.095 g 0.5 mmol
15h 2 Pd PPh, ,CL, 0.351 g 0.5 mmol
20:1 250 mL
3.30 g 4% . 60 mL  THF 30 mL . 70°C
'"H-NMR 400 MHz CDCl, & 7.23 s 1h
IH 6.81 s 1H 3.96~3.91 m 4H 1.83~
1.70 m 4H 1.55~1.32 m I2H 0.87 t 4.82 ¢ 0% .
6H 0.21 s 9H “C-NMR 400 MHz CDC, '"H-NMR 400 MHz CDCl; & 7.01 s
S 154 83 151.68 123.84 116.31 113.42 2H 6.98 s 2H 6.96 s 2H 4.05~3.96
100.79 99.38 87.88 70.07 69.77 31.56 m 2H 1.87~1.83 m 12H 1.59~1.54 m
20.23 25.72 22.58 14.03 0.03. 12H 1.36~1.27 m 24H 0.93~0.87 m
1.3.4 1 4- 25 4 ISH 0.28 s 18H "“C-NMR 400 MHz CDCI,
2 7.95 g 0.015 mol Cul 5 154.61 153.90 153.77 117.90 117.74
0.14 g 0.75 mol 2 117.56  115.64 115.04 114.76  114.16
Pd PPh, ,Cl, 0.53g 0.75 mol 250 mL  101.61 100.48 91.95 91.84 70.13 69.92
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32.02 29.71 23.04 14.42 0.06.

1.3.7 7
45 mL 2 mL
5 mol/L, 6 2.64 ¢
2.47mmol  THF 100 mL ) 2 h
100
mL
2.2 ¢ 87% .
"H-NMR 400 MHz CDCL, & 7.00 s 2I
6.98 s 2H 6.97 s 2H 4.1 ~4.02 m
12H 3.32 s 2H 1.92~1.82 m 12H 1.56
~1.3 m 36H 0.98~0.88 m I8H . "C-NMR
400 MHz CDCl, & 154.58 153.89 153.77
118.52  117.79 117.54 115.37  114.79
113.12 91.85 91.63 82.54 80.37 70.13
70.10 70.08 32.32 32.00 30.04 29.61
20.66 26.03 23.01 14.36.
1.3.8 8
7 3
76% .

'"H-NMR 400 MHz CDCL & 7.02 s
AH 7.006 s 2H 6.98 s 2H 6.96 s 2H
4.05~4.0 m 20H 3.32 s 2H 1.88~1.81
m 20H 1.60~1.25 m 60H 0.95~0.9 m
30H . "C-NMR 400 MHz CDCl, &  154.57
153.88  153.76  118.52 117.79  117.56
115.40 114.88 114.80 114.67 113.27 92.08
91.53 82.54 80.38 70.02 32.00 30.06
29.86 29.70 29.55 26.09 23.00 14.35.
1.3.9 17- 349 10 9
98% 115 ml. 221 g 349 10L]

14.6 g 0.38 mol 12 h.

I, 350 mg 85°C..

13.1g 4.2
mL 0.82mol 8h 12 h.

15 min

2008
G4 .
16.7 ¢ 8% .
IR KBr em™ v 1783 C=0 1770 =
0O 1738 C=0 1725 C=0 .
1.3.10 N’'N- -1 7- 349 101
10 O 9 0.95¢ 1.72
mmol 20 mL
. 0.65 g
5.07 mmol 0.50 ¢ 8.33 mmol
85°C 6 h.
664 mg 50% .

"H-NMR 400 MHz
2H 8.92 s 2H 8.71

cbC, ¢ 9.48 d
d 2H 421 m

AH 1.75~125 m 24H 0.88 m 6H
MASS MALDI-TOF  771.06 M' 100% .
1.3.11 P1 P2 P3 1 4- 25

0.5 mmol N’'N- -1 7- -
349 10 386.28 mg 0.5 mmol

Cul 14 mg 0.075 mmol

0 Pd PPh; , 29 mg 0.025 mmol
25 mL 3 .
14 mL 6
mL 30 min. 70°C
48 h.
50%
3 .
48 h
24 h .
P1 CgxH,N,Of C 79.38
H7.61 N294 0O 10.07 C 79.80 H
7.74 N3.05. P2 Ci3HxN,Opf
C79.60 H 830 N 1.80 O 10.29 C

79.91 H83 N1.82. P3 Cy,HgN,Oy ,
C79.70 H8.61 N1.30 0 10.39.
C79.87 H8.91 N1.55.
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0.1 mol/L n- P1 - 0.85 eV P3
Bu, NPF 30 -1.1eV OPE p
min 20 mVs. . O
Ag/AgNO, B
. OPE . PPE
lym  0.5pm  ALO; PPE  E,"™=0.65V P1 P2 P3
. 1
HOMO LUMO . | P3 OPE
EVONO  pLMO _ - poset _ () 45 _ 4.8 eV 18
1 . 3
Table 1 Electrochemical properties of the copolymers
Sonagashira
Eon red]/onset E(m red2/onset Enn ox/onset EHOM() ELLMO D

Copolymer v - v oV vV

P1 -0.85 -2.33 0.98 -5.33 -3.50

P2 -0.99 -2.22 0.86 -5.21 -3.36

P3 -1.10 -1.82 0.82 -5.17 -3.25

p

E, Y™ PPE = 0.65V

0 N N R W N =
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SYNTHESIS OPTICAL AND ELECTROCHEMICAL PROPERTIES OF NOVEL
COPOLYMERS CONTAINING OLIGO p-PHENYLENE ETHYNYLENE
MOIETIES CONNECT AT BAY POSITION OF PERYLENE BISIMIDE

WANG Ruijie' PU Kanyi' QIN Chunyang' PENG Bo' HUANG Wei* WEI Wei'
! School of Information Science and Engineering  State Key Laboratory for Advanced Photonic Materials & Devices  Fudan University
Shanghai 200433 2 Institute of Advanced Materials ~ Nanjing University of Posts and Telecommunications ~ Nanjing 210003

Abstract Three conjugated copolymers containing different length of oligo p-phenylene ethynylene moieties

OPE  connecting at the bay position of N N’-dioctylperylene-3 4 9 10-tetracarboxylic acid bisimide were
designed and synthesized. The three OPE monomers were prepared according to a stepwise synthesis method . This
method involves two sets of reaction conditions desilylation and Pd/Cu-catalyzed coupling. In every two steps 2 5-
dihexyloxy-4-  trimethylsilyl ethynyl iodobenzene was coupled with the diethynyl compounds which were desilylated
from the di trimethylsilyl -ethynyl compounds. Through this approach undesired oligomerization was avoided and
OPE monomer trimer pentamer were readily prepared in high purity. The bromination of perylene bisanhydride was
carried out under reaction condition with a more than two-fold of bromine in 98 % sulfuric acid. After imidization by
n-octylamine with acetic acid as catalyst in NMP the resultant compound was soluble in dichloromethane which
facilitated its purification. The coupling polymerization was performed by a standard Sonagashira reaction between the
acetylene-terminated OPE monomers and perylene monomer leading to the final three alternative copolymers P1
P2 P3 . After polymerization reaction has been finished all polymers dissolved in chloroform and then reprecipitated
in methanol for three times followed by Soxhlet extraction with acetone for 48 h to remove residual catalyst and
monomers. The structures of the three polymers were characterized by IR Elementary analysis and GPC. P1 has
limited solubility in common solvents such as THF dichloromethane toluene etc due to the high rigidity of the
backbone as well as the high content of perylene. But the solubility of P2 and P3 was improved dramatically. The
photophysical characteristics of the polymers were investigated by UV-Vis and PL spectra in solution. In UV-Vis the
absorptions of perylene in polymers show a large red-shift nearly 170 nm compared to that of the perylene
monomer indicating a strong interaction between electron donor and acceptor on the ground state. Together with a
non-interfered conjugated backbone all polymers absorb from 350 to 900 nm which makes them promising in
photovoltaic applications. In PL experiments when exciting the perylene part a complete fluorescent quenching was
observed in all three polymers which can be attributed to the electron transfer process between the electron donor
and acceptor induced by excitation of the electron acceptor segment to a charge separated state. When exciting the
OPE unit in each polymer only the emission from the OPE chromorphore was observed in all three polymers. Cyclic
voltammetry CV  was used to assess the electrochemical behavior of the polymers. All three polymers show a
reversible reduction wave an irreversible wave in the more negative field and an irreversible oxidation wave . The first
reversible reduction wave comes from the n-doping of perylene unit in polymers. From P1 to P3 the onset potential of
first reduction wave decreases which is in accordance with the p-doping degree increasing in each polymer. At the
oxidation side the onset potential of oxidation goes to the opposite way that is increasing from P1 to P3. By changing
the amount of electron donating or accepting content in the polymers the electronic properties of the corresponding
polymers can be manipulated which can serve as a guide for new material design in the kind and facilitating the
photovoltaic device fabrication. It is hoped that these new polymers would be a promising candidate used for
polymeric solar cells.

Keywords Perylene bisimide Oligo p-phenylene ethynylene  Charge separate state Electrochemical property
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