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Designing the DSSC and BHJ materials: A DFT investigation

Bo-Cheng Wang
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Electronic and optical properties for DSSC and BHJ materials were discussed by using the DFT and TD-DFT calculations. For DSSC materials, the effects of electron donating group and π-conjugated linker were investigated theoretically by designing different metal-free dye sensitizers and zinc(Ⅱ)-porphyrin derivatives. Computational analysis indicated that both electron-donating group and π-conjugated linker are exhibited to have an influence on the performances of dyes in the DSSCs. A dye with a stronger electron-donating ability increases the highest occupied molecular orbital energy (EHOMO) as compared to a weaker electron-donating group. The π-conjugated linker with a lower resonance energy decreases the EHOMO, the energy level of the lowest unoccupied molecular orbital (ELUMO), and the energy gap (Eg = ELUMO - EHOMO). Using the time-dependent density functional theory (TD-DFT) method, the electronic absorption spectra of dyes were generated. The present of both the substituted group and the π-conjugated linker in these dyes results in a red shift and broadening of the range of the absorption peaks as compared to the experimental data.
For BHJ materials, the optimized structures and photo-physical properties of N-methyl-3,4-fulleropyrrolidine (NMFP) derivatives with different electron-donating groups and π-conjugated linkers (D-A, D-π-A systems) were generated by using the DFT and TD-DFT calculations. A Natural Bond Orbital (NBO) analysis was used to determine the charge distribution and to generate the charge transfer possibility from the electron-donating to -withdrawing group of these derivatives. The electron density distribution of the HOMO and LUMO of each compound was investigated by using the projected density of state (PDOS) method. This calculation procedure should be very useful in developing a new generation BHJ materials.
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