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Theoretical study on stability and charge transfer rate of charge transfer
state in organic photovoltaic semiconductors
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Graduate school of Pure and Applied Sciences, University of Tsukuba, Japan

[Abstract] We focused on the difference in charge-transport ability between PNTz4T and
PNOz4T. We suggested electron-transfer models coupled with PCBM and carried out
simulations with the constrained density functional theory (CDFT). Results show that high
efficiency of the solar cell using PNTz4T is caused by large electron-transfer rate, and that
low energy loss of the solar cell using PNOz4T is caused by high stability at charge-transfer
state. It is also found that depending on the conformational relationship of electron donor and
acceptor, the electron transfer rate constant changes significantly. We propose three factors
contribute to improve the efficiency of solar cells: (i) large structural change through the
charge-transfer (ii) low total energy of singlet-excited state (iii) broad LUMO of ground state.
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Figure 2. Molecular structure of (a)PNTz4T and (b)PNOz4T.
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Figure 2. a) Structure of PNTz4T and PNOz4T model. b) Model of PNTz4T coupled with PCBM.
¢) Total structure of s1-s6 of PNOz4T/PCBM model.
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Table 1. Calculated Estand ket of PNTz4T/PCBM models.

sl s2 s3 s4 s5 s6
Est/k‘]mol'l -133.23 -135.26 -136.05 -155.85 -154.09 -143.23

ker/st  6.65x10° 1.08x10° 1.03x10% 1.42x10% 4.73x10° 1.73x10°
Table 2. Calculated Es;and ket of PNOz4T/PCBM models.

sl s2 s3 s4 s5 S6
Est/k\]mol‘1 -142.41 -139.41 -142.39 -14950 -141.11 -144.87

kKer/s™  6.67x102 1.18x10° 1.56x1072 2.34x10° 5.74x10° 1.95x10°
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