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Abstract: Ice and gas hydrates are the crystalline solids formed in aqueous environment upon
freezing. Despite their apparent significance, the formation mechanisms of ice and hydrates remain
poorly understood. In particular, acquiring the quantitative understanding of nucleation at the
molecular level is still a formidable challenge. Direct molecular simulation has been serving as a
major tool for providing the molecular insight of crystal nucleation, but it fails to acquire nucleation
details with sufficient statistical sampling under realistic conditions. In this contribution, I will
discuss our recent progress in developing the effective strategy for moving beyond the direct
approach to model the nucleation of ice and gas hydrates. Our strategy integrates the forward flux
sampling method and the coarse-grained water model, and incorporates the order parameter that we
have developed based on the topological analysis of the tetrahedral network. Employing this strategy,
we have gained the quantitative and molecular insights of the nucleation behaviors of ice and
hydrates in both homogeneous and heterogeneous environments, under various thermodynamic
conditions.
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