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Effect of Organic Dye Compounds on Absorption Spectra of Organic
Dye/Anatase (001) System: an Ultra Accelerated Quantum Chemical
Molecular Dynamics Study.
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[Introduction]

The dye-sensitize solar cell (DSSCs) attracted considerable attentions because of potentially low
cost. Organic dye sensitizers have been recognized as one of the most important parts for DSSCs to
reduce the cost and gain high performance. Because of the diversity of organic dye compounds,
computational predication in advance and subsequent synthesis of the ultimately tailor dye sensitizers
is an attracting approach to reduce the production cost. However, the high computational cost of
conventional computational method limited the study on large-scale/periodic DSSCs. Hence, in the
present study, an ultra accelerated quantum chemical molecular dynamics program “New-Colors” was
developed based on our original tight-binding quantum molecular dynamics program, “Colors” to
explore electronic properties and absorption spectra of organic dye on anatase(001) surface.

[Methods]

The ultra-accelerated quantum chemical molecular dynamics program “New-Colors” based on
our original “Colors” 1) was developed by our laboratory. Similarly to “Colors” program, the specific
atomic parameters, such as valence state ionization potentials and Slater exponent of each atomic
orbital, was introduced to “New-Colors” program and around 10,000,000 times acceleration was
achieved in compared to the traditional first-principle molecular dynamics method.

[Results and Discussion]

The electronic structure, charge, bond

population, density of states of PAA was PAA/anatase(001)
investigated by using “New-Colors” 12 0os |
program and DFT method, respectively. A o | i PAA

2.65 eV band gap was achieved by “New-
Colors” calculation, which is very close to
previous theoretical data [2]. As active dye
sensitizer, the electronic  absorption
spectrum of PAA is of importance. Hence, !
the “New-Colors” program was performed 0 200 400 600 800
to explore the electronic absorption Energy level (V)

spectrum of PAA. The first absorption . . .
shown in Fig. 1 can be observed around 469 Fig. 1 UV-vis absorption spectrum

nm. This result is very close to previous PAA/anatase(001) system.

theoretical work [2]. Moreover, the absorption mode and absorption spectra of optimized PAA/
anatase(001) systems were also studied. The absorption edge of PAA/anatase(001) system shows good
UV-vis light photosensitization. This result demonstrate that PAA/anatase(001) may be a candidate of
DSSCs. Our results conformed that in-house program “New-Colors” is an effectively tool to study
spectra properties for both molecular and periodic systems.
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