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Nonadiabatic molecular dynamics method for elucidating the photoreaction mechanisms of
complex systems: Incorporation of the DFTB/SSR method
(Faculty of Science, Tohoku Univ., 2Graduate School of Science, Tohoku Univ.)
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Nonadiabatic molecular dynamics (MD) methods are useful computational approaches for
elucidating photoreaction mechanisms. However, the application of conventional methods to
complex systems is hindered by their high computational costs. To overcome this problem, we
developed a surface hopping method with a highly efficient and robust algorithm for evaluating
nonadiabatic transition probabilities.!? In the present study, this method was combined with
the DFTB/SSR method,” which enables fast calculations of electronic excited states and
appropriately describes potential crossings. We thus realized a nonadiabatic MD method
applicable to nano-sized complex systems. The feasibility of the combined method was
demonstrated through its application to the cis-trans photoisomerization of azobenzene. The
results of the application to light-driven artificial molecular motors*> will also be presented.
Keywords: Nonadiabatic molecular dynamics, Surface hopping method, Photoisomerization,
Complex systems, DFTB/SSR

FEWTEY -8 7127 (MD) RSO ORI A 7R st A TETH D, LvL,
FEa A NOBE S BHERICIEWBMD k2 EAT 5 Z IR CTH -, D
MM Z iR T D720, Box 1XFHERRNE < BUERIIZ 22 E 72 surface hopping 15 % B4
L= 2, KIFETIZZOFEL, RT3 ¥ /LOAZEZBYNI R Lo EE 22 i)
EDRREFH R S AIEEZR DFTB/SSR 1LV M AG LD Z & T, 7/ A XOEMER I
L7 3EMEAMD 54 BB L=, £, ATEDOER : 1
WA A0, T/ XD cis-trans YR
PEAV R EZ# A L7, DFTB/SSR 1% FHV 7= FEKT 2L 08 oriseeR -
MD FHENSE LN B TRIERE (S) OF
MPEFULROfEIL, SA2-CASSCE(6,6)/6-31G L
ILOFER LRI VEETH -7 (Fig. 1), 4 H I,
Feringa *°Ji H &2 L VG- Ak, /v
> DORERFTH B E N T3 1F—F —+INTAK CACASSCE
TiEEBEA LR LRET D, 02 iy

Population

1) K. Hanasaki et al., J. Chem. Phys. 149, 244117 (2018). %o 20 40 s &0 100

2) M. Kanno et al., J. Chem. Phys. 154, 164108 (2021). Time /fs
3) M. Filatov et al., J. Chem. Phys. 147, 034113 (2017).
4) T. Fujita et al., Eur. J. Org. Chem. 4533 (2005).

5) S. Kuwahara et al., Eur. J. Org. Chem. 4544 (2005).

© The Chemical Society of Japan

- [C]C302-3pm1-02 -

Fig. 1 Temporal changes in
the excited-state population of
azobenzene.



