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Introduction

Cuprous oxide (Cu,O) Is a promising photoactive material for photoelectrodes used In
water splitting and CO2 reduction.!12l A through characterization of charge carrier
mobility and recombination dynamics in Cu,O Is Iimportant to crucial for
understanding its photoelectrochemical (PEC) behavior.

Performance of the Cu,O photoelectrode was studied by Pan et al.®l Carrier dynamics
of single crystalline Cu,O films were examined using ultrafast transient reflection
spectroscopy.
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Figures from Fig 2a, 2d, 2e of Nature 628.8009 (2024): 765-770.13!

Exciton lifetime and carrier diffusion lengths follows:
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Calculational Methods

Surface hopping method with classical path approximation (CPA) was used for
nonadiabatic dynamics simulation.

Step |. Step II. Step ll.

ADb Initio MD » Non-adiabatic » Decoherence

(due to CPA) Coupling Induced
Calculation Surface Hopping

m Classical Path Approximation (CPA)l

The CPA Is the assumption that the nuclear dynamics is unaffected by the
electronic dynamics. With CPA, the nuclear trajectory is predetermined during
the surface hopping simulation.
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m Decoherence Induced Surface Hopping (DISH)!

(1) Time propagation of waveftn. = Coefficient calculation governed by TDSE
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(2) Decoherence time (t,,,) calculation, from the autocorrelation ftn. of energy gap

Using non-adiabatic coupling (NAC), Hi; = —ih<‘1’i Y
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(3) Time from the recent decoherence check (t.)

Ift, >1,,dodecoherence check.

(4) Average for iterational surface hopping trajectories

(5) Ensemble Average for different nuclear trajectories

Results

m Electronic Structure of Cu,0O
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Electronic band structures are achieved by using VASP and VASPKIT®!

m Surface Hopping Simulation
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m Decomposed partial charge density
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Conclusion

Using semiclassical nonadiabatic dynamics simulations, we elucidated the quantum
mechanisms behind the slower carrier recombination observed at (111) facet. We
also explicated this phenomenon with high band separation of VBM and CBM at (111)
slab system.
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