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Semiquantum Path Integral Method
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1200 H2 Molecules

Cubic Box with a Periodic Boundary

Initial Structure: Hexagonal Close-Packed Lattice with Random Orientation

Equilibration: Velocity Scaling & Berendsen Methods

Time integration: Velocity-Verlet Method with Time Step 0.5 fs

NVE microcanonical simulation up to nanoseconds

CPU time: 9 min. for 1 ps dynamics of 1200 molecules with 16 cores

Simulation Details
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R(t) : Position Vector of H-H Center
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Vibrational Raman

Crystallization Dynamics

Kuhnel et al., Phys. Rev. B 89 (2014) 180201(R)
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Nuclear Quantumness
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Non-Equilibrium State  －Heat Conduction－

Velocity-Exchange
576 mol.
13 ns+3 ns

Current Result
~0.16 Wm-1K-1

𝐽 = −𝜆𝛻T

Heat Flux



Isotope Effects –Liquid Structure-
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Isotopic Effects -Diffusion-
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Isotope Effects- Intramolecular Structure-

25 K 18 K 5 K

Broader

Broader

H-H

T-T

D-D

D
is

tr
ib

ut
io

n
D

is
tr

ib
ut

io
nH

D

T



Isotope Mixtures : Structure 

1:0 3:1 1:1 1:3 0:1

>>>>

H2:D2 Mixtures

@ D2 Vapor-Pressure Density

30 K 25 K 18 K



Diffusion of Isotope Mixtures
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Energy Exchange between Isotopes 
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Supercooled Isotopes 
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