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Hydrogen nuclei are treated as classical mass points
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Nuclear Quantumness

Zero Point Energy
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Nuclear Quantumness @ RPMD=Ring Polymer Molecular Dynamics Method
with the Nuclear Quantumness
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Nuclear and Electron Wave Packet Molecular Dynamics (NEWPMD)
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CPU time: 6 minutes for 1 ps dynamics of 1200 molecules with 16 cores




Time-Dependent Nuclear and Electron Wave Function
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Time-Dependent Nuclear and Electron Wave Function
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Thawed EWP

Time-Dependent Wave Function
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Time-Dependent Variational Principle
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Many-Body H, Hamiltonian
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Semiquantum Path Integral Method C_entr0|d Molecular Dynamics .
Ring Polymer Molecular Dynamics
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Transport Coefficient
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H-H Bond in H,, Liquid

I <> L
| H—H |
14 K — T T
Elongated Bond 25K 1
0.02 . . . |
0.7659 A Gt | _
- Gz - i )
= ! T
2 0.01} 0.7655A [~ O of /[ VYV
z UV
0L | e 20 40 60 80 100
0.755 0.76 0.765 0.77 0.775 .
A Time (fs)
Isolated~0.7643A  IHH( E))OO . Two Structures
Exp. ~0.755A — =
> [ ae11.9cm) T
S - = Motional Narrowing
© 500¢ -
© ; .
+ 300! Red-Shift |
o  4604.7 cm*/ Isolated ~4629.2 c;n -1
? 100 - exp. ~4161.13 cm

4590 4610 4630
Frequency (cm'1)



Mean Square Displacement in Supercooled Liquid
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@ D, Vapor-Pressure Density
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Isotope Effects —Bond Length- 25 K @ D, Vapor-Pressure Density
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