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Development of chemical reaction acceleration method for solid-liquid interfaces
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We have developed a novel method to accelerate chemical reactions during the
first-principles molecular dynamics simulation with the density-functional theory for electrons. In
the method, list of atomic clusters containing reacting atoms and their surrounding atoms is

prepared for a target system as candidate reaction processes. For the clusters, barrier energies of
the chemical reactions characterized as electron-transfer processes are calculated. Using the
database of the barrier energies, a proceeding process is statistically chosen using Kriging method
(or Gaussian process). In addition, to prepare an initial system appropriate for the present
acceleration method, a novel method to predict protonation or deprotonation degrees of various parts

of a target system is developed.
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> List all bond-breaking or bond-formation processes that involve {3, 4, 5, 6}-reaction atoms for the
present configuration based on the covalent bond view.
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> Define vector f from | f; | = M1, by initially setting 1 only on reaction atoms.
* 0 o
fi 1 Note: M is NxN (N: total number of system atoms) transfer-matrix of

bonding network and element numbers on the diagonal elements.
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for 3-atoms for 4-atoms for 5-atoms for 6-atoms

> Define vector EN as the lengths-list of to-be-broken bonds in the process

EN = () EN = (rj,ma) EN = (5 Tim) EN = (1i), T Tum)
for 3-atoms for 4-atoms for 5-atoms for 6-atoms
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=P For the system at present step, list all bond-breaking or bond-formation processes
(involving 3 to 6 reaction atoms) identified with two kinds of indices (f and EN)

rou rou N
g P: f" g _}p (b f: 1%-index that represents neighboring bonding-network in
.' EN1 :' ENp % covalent bond picture, atomic species, and electron-transfer-
A EN; : route for each process
FAURN P
K EN: 2M-index that represents environmental condition for
KR IR each process
N
If the number of system-electrons changes from previous step, initialize barrier-DB.
Prepare barrier-DB by bond-lengths variation method for representative EN's of each f .

[ Estimate all EN-dependent barriers for each f . )

1. For representative processes of each f roughly get barriers using small atomic
clusters. Then, get barriers for important processes using larger atomic clusters.

2. For processes with same f estimate EN-dependent barriers by Kriging method
(or Gaussian process regression) using barrier-DB.

3. From all processes, choose a to-be-performed process using the Boltzmann
prob. distribution of the estimated barriers.
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Perform the chosen process with bond-lengths variation method.

= |f the real and estimated barriers differ much, initialize barrier-DB and re-prepare barrier-DB.

Update barrier-DB to include the real barrier of the chosen process.

Thermalize the system to proceed low-barrier processes to prepare for the next step.
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H-coord. control method I—\ Counting H-coord. number (Qﬂ) on

migration allH equal footing to all H’s.
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® All atoms in 35%-extended-in-
all-directions view

® H, pink; C, black; O, red; Li, cyan

® x-y and z-y views

® Li(cyan), Li-connected unbroken
EC (grey), broken EC (H, pink; C,
black; O, red) in 35%-extended-
in-all-directions view

® Free EC molecules are ignored

® x-y and z-y views

Some agglomeration is apparent.
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