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Chemical structures
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Fig. 1 Chemical structures of the polymers and units
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Fig. 2 "H-NMR spectrum for P1 (CDCl,)
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Synthetic routes
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Fig. 3 Chemical structures and synthetic routes for the polymers

Conditions; a) Bromine and iodine, glacial acetic acid, ambient temperature; b) KMnO,, pyridine and

water, 100°C ; ¢) Acetic anhydride, acetic acid, reflux, nitrogen; d) 2-Ethyl-hexyl amine, glacial acetic

acid, 120°C, nitrogen; e) Tributyl( thiophen-2-yl) stannane, Pd(PPh;),, toluene, reflux, argon; f) NBS,

CHCl;/CH;COOH, ambient temperature; g) Pd(PPhs),, toluene, 110°C, argon
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Table 1 Optical properties, electrochemical onset potentials and electronic energy levels of the polymers

M, E, E.q HOMO LUMO Ey A ax ex10* £
Samples PDI

( x10%) (V) (V) (eV) (eV) (eV) (nm)  [L/(molxem)]  (eV)

P1 1.3 1.6 .37 -1.08 -6.17 -3.72 2.45 367 2.7 2.53
P2 1.9 1.8 0.94 -0.91 -5.74 -3.89 1.85 420 3.5 2.03
P3 1.1 2.0 1.06  -0.89 -5.86 -3.90 1.96 427 5.3 2.23
P4 1.9 4.9 0.78  -1.00 -5.58 -3.80 1.78 437 7.4 2.16
P5 3.0 1.8 0.51 -1.14 -5.31 -3.66 1.65 461 6.0 2.09
P6 1.9 2.9 1.06 -1.05 -5.86 -3.75 2.11 468 6.2 2.10
P7 0.9 1.3 0.45 -1.09 -5.25 -3.70 1.55 489 5.2 1.94
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Fig. 4 UV-Vis absorption spectra for the polymers: (a) CHCl;solution and (b) films
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Fig. 5 A typical cyclic voltammogram of P4 film on platinum

electrode in CH;CN solution containing Bu, NPF (0. 1 mol/L)
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Fig. 6 Energy level diagrams of various donor polymers and

PC,, BM
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Fig. 7 J-V curve for a P7 solar cell under illumination

Table 2 Performance for the solar cells based on P1 ~P7*

Polymer/PC¢; BM ratio (W: W) V. (V) J.. (mA/cm?) FF (%) PCE (%) Solvent
P1 1:1.2 0.59 0. 040 36.1 0. 0097 ODCB
P2 1:1 0.57 0.011 28.7 0. 0021 ODCB
P3 1:1.5 0. 69 0.30 26.0 0. 064 ODCB
P4 1:2 0.62 0.16 26. 1 0. 029 ODCB
P5 1:1.5 0.75 0.27 24.0 0. 057 CHCI,
P6 1:1.5 0. 86 0.82 23.0 0.19 ODCB
P7 1:1 0.72 1.22 26.4 0.27 CHCI,

* Device characterization was carried out in air under AM1. 5G irradiation (86 mW/cm?) using a xenon-lamp-based solar simulator.
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SYNTHESIS AND APPLICATION OF D-A CONJUGATED POLYMERS
CONTAINING PYROMELLITIC DIIMIDE AS THE ACCEPTOR UNIT

Shu Yang'?, Wei Zhang®, Xing-xing Shen’, Ying Liu®, Xiao-yan Du’, Shan Chen’,
Zuo Xiao”, Zhen-yu Yang', Qi-qun Zuo’, Li-ming Ding’
(" Department of Chemistry, Nanchang University, Nanchang 330031)
(* National Center for Nanoscience and Technology, Beijing 100190)  (* Jiahong Optoelectronics Inc. , Suzhou 215151)

Abstract  Seven new conjugated D-A copolymers ( P1 ~ P7) containing a strong electron deficient
pyromellitic diimide (PMDI) unit and a donor unit such as thiophene, bithiophene, benzo[ 1,2-b:3,4-b"]
dithiophene ,and dithieno [ 3,2-b:2’,3’-d ] silole were synthesized by the Stille coupling reaction. P1 ~ P7
possess good solubility in common organic solvents and exhibit strong absorption in the range of 370 ~600 nm.
The electrochemical properties of P1 ~ P7 were investigated by cyclic voltammetry ( CV). The CV results
indicate that the LUMO energy levels of P1 ~ P7 lie in the range of —3.66 ~ —3.90 eV, while the HOMO
energy levels in the range of —5.25 ~ —6.17 eV. The bandgaps of P1 ~ P7 are tunable by incorporating of
different donor units. The optical bandgaps for P1 ~ P7 calculated from the absorption edge are 2.53 ~1.94
eV ,and the electrochemical bandgaps are 2.45 ~1.55 eV. Polymers (P1 ~ P7) containing the PMDI unit
were applied to bulk heterojunction polymer solar cells ( PSCs). High open circuit voltages (V. ) were
obtained for these polymers due to their low HOMO levels. Under AMI1. 5 G illumination (86 mW/cm”) | the
PSC based on P7 with a pyromellitic diimide unit and a silole unit displayed an open-circuit voltage of 0. 72
V,a short-circuit current of 1. 22 mA/cm’ and a power conversion efficiency of 0. 27% .

Keywords Pyromellitic diimide, D-A conjugated polymers, Polymer solar cells



