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Organic semiconductor---Pentacene(C,,H,,) .

* Low cost due to the flexibility
* Has the potential to participate in multiple OOOOO
excitation and generation and singlet fission

* Widely studied in experiments and theoretical .
calculations, its potential exceeds the Shockley- Science
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Subsystem DFT (sDFT)
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Nonadiabatic Molecular Dynamics
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1. Fewest switches surface hopping(FSSH)
2. Global flux surface hopping(GFSH)
3. Instantaneous decoherence at attempted hops (ID-A)
4. Modified simplified decay of mixing (mSDM)

_ o _ 5. Decoherence-induced surface hopping (DISH) *
d|scovgry .Ilbrary.for quantum and classical 6. Instantaneous decoherence at frustrated hops (ID-F)* 4
dynamics simulations (*stands for new methods)

Libra: An open-Source “methodology
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Use Python code cell_split to cut the system “fde_cell_split” is a parameter setting in the
into multiple fragments (each fragment eQE input file

contains 36 atoms )

2x1x1 system (144 atoms) -> (4 fragments) *  fde_cell_split(1) =
2x2x1 system (288 atoms) - (8 fragments) ’ fde_cell_split(2) =
3x3x1 system (648 atoms) - (18 fragments)  ° fde_cell_split(3) =

T L{ :,f Job submission instruction:
N‘}} | The 4 of 6 settings are arranged in
Q‘f&‘f& & w | ;: | fragment_procs.in
» c:“ ;:‘ mpirun -np 24 fdepw.x -ni 4 -in pentacene-211

, : . . S
https://github.com/AkimovLab/Project_Libra-eQE
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— (2x1x1 system (4 fragments))

(2x2x1 system (8 fragments))

(3x3x1 system (18 fragments))
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2x1x1 system (4 fragments) 2x2x1 system (8 fragments) 3x3x1 system (18 fragments)
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Single-particle excited states basis. ¢p and @ stand for KS orbitals and Slater

determines, respectively.

¢12

¢11 E— — E—

(pl{}

Py = —— @ ——— ———— ——

Ps —_— — — —
LUMO e ef— e

Six occupied and six unoccupied
orbitals

Thirty-seven states

two numbers stand for each state
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Conclusion

Increased structural disorder observed in larger supercell models
induces larger nonadiabatic couplings of electronic states and
accelerates the relaxation dynamics of excited states

Most of the tested schemes suggest fast energy relaxation occurring with
the timescales in the 0.7 — 2.0 ps range, but they significantly
overestimate the ground state recovery rates.

Only the modified simplified decay of mixing approach yields a notably
slower relaxation timescales of 8 — 14 ps, with a significantly inhibited
ground state recovery.

12
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2x2x1 system (288 atoms) -2 (7 fragments)

A fragment of 72 atoms

A fragment of 36 atoms
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(*represents cell split from a special way) 14
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Nonadiabatic Molecular Dynamics
with Subsystem Density Functional
Theory: Application to Crystalline
Pentacene

Qingxin Zhang," Xuecheng Shao,” Wei Li,” Wenhui Mi,** Michele Pavanello,” and Alexey V
Akimov!

Michele Pavanello @MikPavane... - 6/13/24
b Thanks to a fun collaboration led by

@AkimovLab, now subsystem DFT can even do
nonadiabatic dynamics!
Learn it all in this nice JPCM....
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