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In_this study, we refined a machine learning-based force field construction
method to investigate chemical reactions in highly nonequilibrium systems such as deep-sea
hydrothermal vent environments from a microscopic viewpoint. Although there is still room for
improvement in describing chemical reactions in highly nonequilibrium systems, we have gained
fruitful knowledge of useful construction methods. The atomic forces and pressure in addition to
potential energy were trained to improve the accuracy of molecular dynamics simulations. The trained

force fields accomplished not only describing solid-liquid phase transitions but also calculating
thermal conductivity. It was also found that a more robust force field can be constructed by
adjusting the coefficient of the cost function. We have suggested the worsening accuracy of the
force field due to the arbitrariness of the atomic energy, and have proposed a possible solution to
the issue with a data-driven approach.
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