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Abstract

When titanium dioxide photocatalysts in the methylene blue and thionine aqueous solutions were
irradiated with ultraviolet (UV) light, the blue color of both solutions gradually became lighter and they
were almost completely decolorized, becoming transparent after one week of irradiation. For both
solutions, the peak absorbances in the ultraviolet near-infrared absorbance spectra decreased with UV
irradiation. The absorbance spectral peak for the methylene blue aqueous solution shifted to a shorter
wavelength as a result of UV irradiation, whereas that for the thionine aqueous solution did not shift. In
our previous study, we found that the above shift of the peak for the methylene blue aqueous solution was a
result of the decomposition of the methylene blue into azure B, azure A, azure C, and then thionine. This
decomposition occurs when four methyl groups dissociate sequentially from the methylene blue molecules.
Because thionine molecules have no methyl groups, the shift of the absorbance spectral peak did not occur

for the thionine aqueous solution.
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Fig. 1. Molecular structures.
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Fig. 2. Schematic of experimental setup.
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Fig. 3. Change in color of methylene blue aqueous solution
owing to UV irradiation onto TiO, thin film in the
solution: (a) Before irradiation, (b) After 4 days of
irradiation, (c) After 7 days of irradiation.
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Fig. 4. Change in absorbance spectrum of methylene blue
aqueous solution owing to UV irradiation onto TiO,
thin film in the solution.
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Fig. 5. Change in color of thionin aqueous solution owing to
UV irradiation onto TiO, thin film in the solution: (a)
Before irradiation, (b) After 2 days of irradiation, (c)
After 4 days of irradiation, (d) After 7 days of
irradiation.
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Fig. 6. Change in absorbance spectrum of thionin aqueous

solution owing to UV irradiation onto TiO, thin film in
the solution.
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Fig. 7. Rate of decomposition of methylene blue (O) and
thionin (M) owing to UV irradiation onto TiO, thin
film.
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Fig. 8. Change in wavelength of maximum absorbance
spectral peak of methylene blue (O) and thionin (H)
owing to UV irradiation onto TiO, thin film.
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Table 1 Bond dissociation energy

The broken bonds Bond dissociation energy

(kcal/mol)
N(CH;)C4Hs-CH; 70.8
C¢Hs-S-C¢H; 76
C4Hs-NH-C¢H; 87.4
C¢H;s-N(CHj;), 93.2
Ce¢Hs-NH, 103.2
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