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Figure 1 Polymer solar cell: (a) device structure diagram; (b) electronic energy levels of the

representative donor P3HT and acceptor PCBM
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Figure 2 Molecular structures of two-dimensional polythiophene derivatives with conjugated side chains.
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Figure 4 (a) Molecular structures of 2D conjugated poly(thienylene vinylene) and
(b) absorption spectra of their films.
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Figure 5 Molecular structures of the cross-linking polythiophene derivatives with conjugated bridges
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Figure 7 M olecular structures of the copolymers with conjugated side chains attaching electron-withdrawing end groups
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Figure 8 M olecular structures of the copolymers based on BDT units with or without thiophene conjugated side chains
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Figure 9 Absorption spectra of the copolymer films of PBDTTT with or without thiophene conjugated side chains

1 PBDTTT
Table 1 Comparison of the absorption spectra and electronic energy levels of PBDTTT derivatives
Amax (nm) Eg. ' HOMO LUMO
a V) (eV) (eV)
PBDTTT-E 625 675 620 669 1 63 -3 04 —319
PBDTTT-E-T 640 698 631 693 1 58 —5 09 —322
PBDTTT-C 632 686 630 682 L 60 —507 —3 21
PBDTTT-C-T 641 693 646 699 157 —5 11 —3 25

a.)
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Table 2 Hole mobilities of PBDTIT derivatives and the photovoltaic performances of the PSCs based on PBDITT/ PG,,BM

Vee Je FF PCE Pige? Prote®
V) (mA/cem?) %) ) (em2/Vs) (em2/ Vs)
PBDTTTE 0 66 11 53 54 7 416 1 50E-3 8 2E-4
PBDTTT-E-T 0 68 14 59 62 6 6 21 6 74E-3 1 2E3
PBDTTT-C Q 70 15 51 59 2 6 43 5 53E-4 8 6E-4
PBDTTT-C-T 0 74 17 48 58 7 759 0 27 1 1E2
a) SCLC ) OFET
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) PPV (Eg) , HOMO LUMO
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Figure 10 Molecular structures, film absorption spectra and electronic energy levels of poly

(thienylene vinylene) derivatives
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Figure 11  Effect of electromrwithdrawing substituents on the electronic energy levels of PBDTT T derivatives
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Table 3 Electronic energy levels of PBDTTT derivatives and the photovoltaic performances of the PSCs
based on PBDTTTderivatives’ PG, BM

Voe J e FF PCE LUMO HOM O
/V (mA/cm?) /% /% /eV /eV
PBDTTT-E 0 67 13 2 63 515 —324 —5 01
PBDT T T-C Q0 70 14 7 64 1 6 58 —3 35 —5 12
PBDTTT-CF Q0 76 15 2 66 9 773 —3 45 —5 22
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PBDTTT-S . PBDTTT-S HOMO — 5 126V,
PBDTTT-S/PC0BM Ve Q 76V, PCE 6 22%'", . PBDTTT
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Ve Q 82V, PCE 521% 4,
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Figure 12 New type copolymers of benzodithiophene and thienothiophene
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Figure 13 Molecular structures of representative D-A copolymer photovoltaic donor materials
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Figure 15 Molecular structures of the D-A copolymers based on bithiazole acceptor unit
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4 D-A HOMO ( : AM1 5 100 mW/ em?)
Table4 HOMO energy levels and photovoltaic properties of the D A copolymers based on bithiazole
under the illumination of AML 5, 100 mW/ cm’

HOMO, eV VeV I..(mA/ em?) FF PCE/ %
PCBTz PCgBM —5 44 0 82 1. 24 Q0 296 0 30
PDTPBT z PC ¢y BM —4 76 Q0 28 0. 51 Q0 337 Q0 06
PDTSBTz/PCgBM —5 18 Q 70 5 14 Q0 451 L 63
PDTSBTz/PC70BM —5 18 Q0 68 7. 85 Q0 535 2 86
PBDTBT # PC 1 BM —5 15 0 86 7. 84 Q0 57 382
PBTBT z1/ PC70BM —5 18 Q0 66 5. 67 Q0 312 117
PBTBT z2/ PC70BM —5 20 a 77 8. 70 Q0 385 2 58
PBTBT z3/ PC7;0BM —5 23 Q0 81 5.91 Q0 449 215
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Figure 16 Molecular structures of the D-A copolymers containing thiazolothiazole acceptor unit
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High Efficiency Conjugated Polymer Donor and Fullerene Derivative
Acceptor Photovoltaic Materials for Polymer Solar Cells

LI Yong-fang
(CAS Key Laboratory of Organic Solids, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190 China)

Abstract: Polymer solar cells (PSCs) are composed of a blend film (active layer) of a conjugated
polymer donor and a fullerene derivative acceptor sandwiched between a transparent ITO positive
electrode and a low workfunction metal negative electrode. PSCs have become the hot research field in
recent years, due to their unique advantages of simple fabrication, low cost, light weight and capability to
be fabricated into flexible devices. The present research focus is to improve their photovoltaic power
conversion efficiency (PCE ), and the key aspects for improving PCE are high efficiency photovoltaic
materials. In this paper, I will mainly introduce the recent research progress of Institute of Chemistry,
Chinese Academy of Sciences (ICCAS) on the new conjugated polymer donor and fullerene derivative
photovoltaic materials, including the donor materials of two-dimensional conjugated polymers with
conjugated side chains, conjugated polymers with electron-withdrawing substituents for lower HOM O
energy levels, D-A copolymer with broad absorption and lower HOM O energy levels, and the acceptor
materials of indene-Ceo bisadduct (ICBA) and indene-C7o bisadduct. T he highest PCE of the PSCs based
on the conjugated polymer donor materials reached 7. 59%. which is one of the highest efficiencies
reported in literatures so for. The PSCs based on P3HT as donor and our ICBA as acceptor showed PCE
higher than 7 %, which is the highest efficiency for the PSCs based on P3HT.

Key words: Polymer solar cells; Conjugated polymer photovoltaic materials; Fullerene derivatives;

Two-dimensional conjugated polymers; D-A copolymers



