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Fabrication and characterization of a dye-sensitized solar cell containing porphyrin derivative
Takao UMEDA ™!, Keisuke MIYAGAWA 2, Tatsuya TAKESHITA " and Michihiro HARA™

*I Technical Support Department

This is a report on the fabrication and characterization of a dye-sensitized solar cell (DSSC) containing
non-carboxylated porphyrin (5,10,15,20-tetrakis-(4-aminophenyl) porphyrin, TAPP) and various cyclodextrins (CDs) .
The photoelectric conversion of DSSC resulted from light harvesting of TAPP. The open-circuit voltage (Vo) was 0.41
V for DSSC without CD. On the other hand, it increased to 0.47 V, 0.47 V, 0.45 V, 0.49 V containing a-CD, B-CD,
CM-B-CD, and y-CD respectively. The photovoltaic performance increased by electron recombination, which is
induced by the formation of an incorporation complex of TAPP with CDs (TAPP/CDs) . As a result, we concluded that
the TAPP/CDs act as photosensitizer for a DSSC. These results indicate that our techniques can be used for future
research on the fabrication of porphyrin-dye DSSC.
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Fig.1 Molecular structure (left) of TAPP and minimum energy structure (right) of
TAPP/CM-B-CD calculated using MM2 calculation.
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Fig.2 Device structure of DSSC using TAPP and CD.
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Fig. 3 Absorption (black line) and fluorescence (red line) spectra of TAPP (2.4 x 10°M) in benzene under excitation at 430 nm.

Table 1 Maximum wavelength of absorbance (Amax*") and fluorescence (Amax ) of TAPP (2.4 x 10°M) in benzene.

Compound A (nm) Amax™  (nm)

TAPP 430 670
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Fig. 4 Absorption spectra of TAPP/CDs and TAPP onto TiOx.
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Fig. 5 Fluorescence decay curves of TAPP/CDs and TAPP onto TiOs.
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Table 2 Fluorescence lifetimes (t) of TAPP/CDs and TAPP onto TiOs.

Compounds 1 (ns)
TAPP 0.16
TAPP/a-CD 0.47
TAPP/B-CD 0.65
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Fig. 6 J-V profiles of TAPP/CDs-containing DSSC and TAPP-containing DSSC under 430-nm irradiation. Inset shows the dark
current density of TAPP/CDs-containing DSSC and TAPP-containing DSSC.

Table 3 Photovoltaic performance of TAPP/CDs-containing DSSC and TAPP-containing DSSC under excitation at 430 nm.

Compounds Vee (V) Jio(mA cm™) FF IPCE (%)
TAPP 0.41 0.21 0.30 3.4
TAPP/o-CD 0.47 0.16 0.36 2.6
TAPP/3-CD 0.47 0.14 037 23
TAPP/CM-B-CD 045 0.1 0.37 1.7
TAPP/y-CD 0.49 0.1 0.42 1.9
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Fig. 7 IPCE action spectra of TAPP/CDs-containing DSSC and TAPP-containing DSSC. Blue line indicates the absorption
spectrum of TAPP (2.4x10° M) in benzene.
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