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Equation 1: The calculation of the band gap of TiO2, PoPD and PoPD/TiO2 nanocomposites based on the Kubelka-Munk function.
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                                   (Equation 1a)

where F(R), E, A, n and Eg are the diffuse absorption coefficient, photon energy, proportionality constant, an integer (n=1, 2, 4, and 6), and band gap, respectively. For TiO2, PoPD and PoPD/TiO2, the relationship between the diffuse absorption coefficient and the band gap energy can be described by Equation 1b.
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                                    (Equation 1b)

For Equation 1b, (F(R)E)1/2 has a linear relationship with E. For the samples, the value of n was determined to be 4. Therefore, the optical transitions of the crystal were indirectly forbidden. The band gap energies for TiO2, PoPD and PoPD/TiO2 were determined to be 3.10 eV, 1.89 eV and 2.45 eV, respectively, which indicated that PoPD/TiO2 is a better photocatalyst than the unmodified TiO2 owing to PoPD being a photosensitizer.


Equation 2: The calculation of synergetic factor f of PoPD/TiO2 based on the apparent first-order kinetics.
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                    (Equation 2a)

where kC/T is the first-order rate constant of PoPD/TiO2, kC is the first-order rate constant of PoPD, kT is the first-order rate constant of TiO2, and [Ct] is the concentration of MB at the same moment. Therefore, the photocatalytic degradation of MB can be identified as the degradation of TiO2, PoPD, and the synergetic effect between PoPD and TiO2. The synergetic factor can be calculated via the following Equation 2b:
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                                           (Equation 2b)

Because the mass of TiO2 is much larger than that of PoPD, and PoPD is used as a modifier with no obvious photocatalytic activity, the synergetic factor is calculated via the following Equation 2c:
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Based on the apparent first-order kinetic constants of the degradation of MB, the synergetic factors of the PoPD/TiO2 nanocomposites are 0.86 for P/T(1/6), 1.10 for P/T(1/5), 1.57 for P/T(1/4), 0.95 for P/T(1/2), 0.38 for P/T(1/1), 1.00 for P/T(2/1), 1.38 for P/T(3/1), and 0.81 for P/T(4/1). The results indicated that not all of the PoPD/TiO2 nanocomposites showed higher photocatalytic activity than TiO2, but an optimizing condition was obtained with an oPD to TiO2 initial molar ratio of 1/4.
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