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Improvement of the Light-Harvesting Efficiency of Polymer Solar Cells by Dye Modification at the p-n Junction
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Abstract The light-harvesting efficiency of polymer solar cells based on a conjugated polymer (p-type semiconductor) and a fullerene
derivative (n-type semiconductor) can be effectively improved by incorporating near-IR dye molecules with bulky axial groups.
Further improvement in the photocurrent can be easily obtained by incorporating different dye molecules that have
complimentary absorption bands. Transient absorption studies have shown that all the primary processes in the dye
sensitization proceed with almost 100% efficiency and that most of dye molecules are located at the p-n junction. Such
interfacial segregation of dye molecules is partly due to crystallization of polymer matrix, which would expel dye molecules
into the p-n junction, and partly due to intermediate surface energy of dye molecules between polymer and fullerene, by which
dye molecules would serve as a surfactant in polymer/fullerene blends.
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Fig. 1 Chemical structures of materials used in dye-sensitized polymer/
fullerene solar cells: a) P3HT, b) PCBM, c) SiPc, d) SiNc.
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Fig. 2 a) J-V characteristics and b) IPCE spectra: PSHT/PCBM/SiPc/
SiNc quaternary blend (thick solid lines), P3HT/PCBM/SiNc
ternary blend (thick gray lines), PSHT/PCBM/SiPc ternary
blend cells (light gray lines), and P3HT/PCBM binary blend
control cell (broken lines).
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Fig. 3 Energy diagram for the charge generation from SiPc exciton in
P3HT/PCBM blends: a) SiPc is located at the P3HT/PCBM
interface, b) SiPc is embedded in a PCBM domain.
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Fig. 4 a) Transient absorption spectra of PSHT/PCBM/SiPc ternary
blend films at 0 (solid line), 1 (broken line), 10 (dashed-dotted
line), and 200 ps (dashed double-dotted line), b) Time evolution
of SiPc anion (open circlues), PCBM anion (closed circles), and
P3HT polaron (closed triangles). The solid lines represent the
fitting curves with a rise or decay constant of ~50 ps.
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Fig. 5 Scheme of dye sensitization in PSBHT/PCBM/SiPc ternary blend
films: B, Pc, and Cg, represent P3HT, SiPc, and PCBM, respec-
tively.
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Fig. 6 Local concentration of SiPc in P3HT/PCBM blends plotted
against the crystallinity of P3HT. The local concentration was
evaluated from the peak wavelength of SiPc absorption band.
The crystallinity of P3HT was estimated from the band analysis
for P3HT absorption based on a weakly-coupled aggregation
model.
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Fig. 7 a-c) AFM images and d—f) absorption spectra of P3HT/PS/SiPc ternary blend films: a) and d) as cast, b) and e) after pentane treatment, and
¢) and f) after cyclohexane treatment. The scale bars correspond to a length of 5 um.
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