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The surfaces and interfaces of materials are sites of various chemical transformations, and
investigating the behavior of solutes and solvents at interfaces where bonds are recombined is
important from an academic and engineering perspective. Recent developments in machine
learning potentials (MLPs)' and other computational techniques have made it possible to
perform reactive molecular simulations on an unprecedented scale. Although the grand
canonical Monte Carlo (GCMC) method is effective for equilibrium state structure sampling
without fixing the chemical composition, there are some cases where the GCMC method for
electronic state calculations and MLPs does not satisfy the appropriate balance conditions, such
as the introduction of structure optimization, especially in surface chemistry. Aiming to extend
the GCMC method to reactive systems, we have developed the modified cavity bias (MCB)
method that reformulates the cavity bias method to satisfy detailed balance®. We report the
results of applying this method to hydrogen adsorption on metal surfaces, in combination with
an MLP trained to specialize in energy differences in particle number changes.

Keywords : Monte Carlo Simulation; Grand Canonical Ensemble; Surface Adsorption

WE OFmE « L TER 2 LA OLTH Y, fEGOMAMZ OB 5 L T O
B EIEOIR D TN E TR D LTRSS £ - AR 7 & O T - T
BICEE L 2D, THEOEFEERT v v /L (MLP) 72 FOBZICL Y ZHhETIZ
RWHBORISHED ®H D5 F VI 2 Lb—3 9 URAREIC R > TEX TV 5, LR A
B EETIEERIRERESE S TV T EATHOGE S T R ) =V E T R
(GCMC) IEBFEHTH DL OO, BIRIEFHE S MLP @ GCMC £~ Iz D0
TITFFIC R E LTI BV TR ERIE(L DR S 738 A7 7220 B W&k A -
STRWVRSTZ b ORI SN D, Fex ITRIGER & 5 %~D GCMC EDYLiESL B
L. ¥ Y BT 4 A T ANA T AERFEMOD BV ERTZT L0 ICHER L LIZEE
X v BT 43T A (MCB) #E&BIFE LI 3 T ERFHEICBIT 5= ¥—
ZIFRHME S TR L7e MLP 2l Ebt, &RBE~DOKFZWAE A L7k R
ET D,

1) E. Kocer, et al., Annu. Rev. Phys. Chem. 2022, 73, 163. 2) T. Ikeda and A. Nakayama. J. Chem. Theory
Comput. 2024, 20, 9364.

© The Chemical Society of Japan - [C]C302-3am2-04 -



