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Abstract : A solar cell based on dye-sensitized photoelectric conversion was studied by electrochemical and spec-
trofluorometric methods for the purposes of enhancing its efficiency and stability of TiO, solar cells. Nanocrystalline
TiO, was used to prepare photoelectrodes, and photosensitizing dyes such as malachite green oxalate, basic blue3,
rhodamine B, and bromocresol purple were chosen as sensitizers. Electrochemical oxidation potentials and absorption
and emission wavelengths of dyes were used to determine energy levels of the dyes. By comparing excited energy
levels of the dyes with the conduction band edge potential (E.;) of TiO, calculated by using the flat-band potential
(Ew) of TiO,, properties of a dye required to fabricate a high efficient photosensitizing solar cell with high short-
circuit current (Jo.) were suggested. Enhanced stability of photocurrent was obtained by coating a TiO,IITO electrode
with polypyrrole that possibly prevented the recombination between the conduction band electrons and oxidized dyes
and suppressed the direct electrode redox reactions of dyes on ITO.
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Fig. 1. Typical cyclic voltammograms of 1.0X10™> M photosensitive
dyes in acetonitrile containing 0.10 M LiClO, as a supporting
electrolyte. Scan rate was 100 mV/sec.



234 J. Korean Electrochem. Soc., Vol. 2, No. 4, 1999

malachite green oxalate

thodamine B

W0 0 60 80

basic blue3

Intensity(a.u.)

0 40 60 80
Wavelength(nm)

Fig. 2. Typical excitation (dotted) and emission (solid) spectra of 1.0
X107 M photosensitive dyes in acetonitrile.
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Fig. 3.'Square of the anodic photocurrent plotted as a function of
electrode potential for TiO, in 0.10 M LiClO,. Wavelengths of the
incident light are (a) 290 nm, (b) 310 nm, and (c¢) 350 nm.
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Table 1. Electrochemical and spectrofluorometric data of dyes and photoelectrochemical data of a dye-sensitized TiO, electrode

Dye Amaxiex Amayem E, Excited State  Potential Difference, Jse Voc

(nm, eV) (nm, eV) (V vs. Ag/AgCl) Energy, Egx (eV) Eex— Eg (mA/cm?) V)
Malachite Green Oxalate ~ 575.2, 2.16 691.4,1.79 1.17 -0.99 0.34 0.088 -0.49
Rhodamine B 500.2,2.49 594.3, 2.09 1.25 -1.24 0.59 0.15 -0.56
Basic Blue3 569.5,2.18 677.2,1.83 1.26 - -0.92 0.27 0.092 -0.47
Bromocresol Purple 481.9, 2.58 554.3,2.24 1.85 -0.73 0.08 0.096 -041
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Fig. 4. Energy level diagrams of photosensitive dyes. Potentials are
cited with respect to Ag/AgCl.
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Fig. 5. J-V characteristics for TiO, dye-sensitizing photocell in 1.0
X107 M various dyes/1.0 M LiClO,.
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Fig. 6. Typical cyclic voltammograms of polymerization of 0.010 M
pyrrole in acetonitrile containing 0.10 M LiClO4 as a supporting
electrolyte. Scan rate was 100 mV/sec.
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Fig. 7. Chronoamperometric photocurrent measurements of
photocurrents of PPy coated TiO,ITO in 1.0X10* M rhodamine B/
acetonitrile with 1.0 M LiClO;. Number of cycles employed to coat
PPy was (a) 5; (b) 0; (c) 20.
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