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Theoretical Study on Regulation of Photoelectric Properties of Zinc
Porphyrin Dyes with Heterocyclopentadiene as 77-Bridge

GAO Qian-Qian YUAN Qing-Tang SONG Xu-Feng YU Yan-Min* GUO Jing
(Beijing Key Laboratory for Green Catalysis and Separation, Department of Environmental Chemical

Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: To explore the regulation of photoelectric properties of zinc porphyrin dyes with heterocyclopentadiene as
7-bridge, six new zinc porphyrin dyes were designed by introducing heterocyclopentadiene with different heteroat-
oms as the 7-bridge based on the reference dye YD2-0-C8. The frontier molecular orbital energy levels, absorption
spectra, and the hole-electron separation characteristics of the designed dyes were investigated using the density
functional theory (DFT) and time-dependent density functional theory (TD-DFT) methods. The results show that
compared with the reference dye YD2-0-C8, the introduction of heterocyclopentadiene in 77-bridge can improve the
photoelectric performance of dyes. The photoelectric properties of porphyrin dyes can be regulated by changing het-
eroatoms. Further analysis on the relationship between the properties of heterocyclopentadienes and the photoelec-
tric performance of the porphyrin dyes shows that the lowest unoccupied molecular orbital energy level of heterocy-
clopentadienes has a good linear relationship with the photoelectric properties of the designed porphyrin dyes. The
stronger electron receiving ability of heterocyclopentadiene can lead to the better performance of the porphyrin dye.
The silicon-heterocyclopentadiene is of the strongest electron receiving ability, and the corresponding porphyrin dye

has the widest absorption spectra and the strongest intramolecular charge transfer ability.
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Table 1 Maximum absorption wavelength of Q-band for Dye YD2-0-C8 by different functional methods
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Fig.3 Frontier molecular orbital energy levels of the dyes
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Table 2 Distribution of HOMO and LUMO of the dyes (%)"

Dye Orbit A B C D E F

HOMO 29 44 6 12 8 1
Dye-Si

LUMO 1 22 6 46 22 3

HOMO 29 45 6 12 7 1
Dye-P

LUMO 1 23 6 49 18 3

HOMO 30 45 6 12 6 1
Dye-Se

LUMO 1 24 6 52 14 3

HOMO 30 46 6 12 5 1
Dye-S

LUMO 1 25 6 52 13 3

HOMO 31 46 6 11 5 1
Dye-O

LUMO 1 29 6 52 9 3

HOMO 25 46 7 14 7 1
Dye-N

LUMO 1 27 6 57 7 2

HOMO 44 47 5 — 3 1
YD2-0-C8

LUMO 3 71 7 — 10 3

* A-F represents diphenylamine, porphyrin with auxiliary donor, ethynyl, thiophene [3,4-b] pyrazine, heterocyclopentadiene/

phenyl, and carboxyl group, respectively.
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Fig.4 Frontier molecular orbitals of the dyes Fig.5 Simulated UV-Vis absorption spectra of the dyes
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Table3 A,_,.,f, € major transition contribution, and LHE of Q band of the dyes

Dye Ay / NM f &/ (L-mol™!-cm™) Major transition configuration® LHE / %
Dye-Si 826 1.391 0 1.138x10? H— L (97.4%) 95.9
Dye-P 814 1.338 8 1.095x10° H— L (97.1%) 95.4
Dye-Se 796 1.273 4 1.042x10° H— L (96.7%) 94.8
Dye-S 788 1.263 3 1.033x10° H— L (96.6%) 94.5
Dye-O 762 1.222 6 1.000x10° H— L (96.1%) 94.0
Dye-N 767 1.201 2 9.818x10* H— L (96.2%) 93.7
YD2-0-C8 645 0.5197 4.265x10* H— L (90.8%) 69.8

* H represents HOMO; L represents LUMO.
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Table 4 D index, S, index and E_, of the dyes

Dye D/ nm S,/ nm E,./eV
Dye-Si 0.530 0.067 2.49
Dye-P 0511 0.068 2.55
Dye-Se 0.500 0.068 2.56
Dye-S 0.495 0.068 2.56
Dye-0 0.454 0.069 2.62
Dye-N 0393 0.069 2.69
YD2-0-C8 0.324 0.070 2.93
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Table 5 LUMO energy level, HOMO energy level, EA and IP for heterocyclopentadiene
Heteroatom® E w1 eV Eyono® 1 €V EA/eV IP/eV

Si -1.36 -6.26 -0.80 8.54
p -1.02 -6.25 -1.41 8.54
Se -0.33 -6.31 -1.89 8.60
S -0.21 -6.33 -2.07 8.70
(0] 0.54 -6.11 -3.00 8.67

1.38 -5.48 =3.77 7.97

* Heteroatom represents the corresponding heterocyclopentadiene; ? LUMO energy level; HOMO energy level.
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