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Local order parameters Machine Learning Local Order (MLLO)

Construct feature vectors that contain the relevant information to describe

The anomalous behavior of liquid water

Phase transitions are characterized by an “order parameter”, which
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local structure index (LSI), I, inverse Voronoi volume, p, Voronoi
asphericity, n, and others. Yet none of them succeeds at finding the
expected bimodal behavior.

Bimodality of the LSI at the IPES

In a molecular dynamics simulation at finite temperature the atomic
coordinates X can be allowed to relax to a nearby minimum of the

inherent potential energy surface (IPES).
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Three notable advantages of the MLLS method:

1. no quenching to IPES required

2. once the classifier is trained, it can be used in any data set
3. can be used on-the-fly
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Schematic adaptation from experimental data. Source: Pettersson et al., Journal of Non-Crystalline Solids 407 (2015) 399-417
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The isothermal compressibility (a), isobaric heat capacity (b) and thermal expansion coefficient (c)
of water have minima (a,b) and vanish (c), as opposed to a typical liquid. These thermodynamic
response functions are a consequence of the fluctuations in density and entropy.
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This quenching procedure
effectively eliminates the thermal .+
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To understand the origin of these anomalies, the local geometrical properties of the water
molecules need to be understood in detail at various temperatures and pressures, as well as its
connection with the dynamics of the molecular motion. A great deal of effort is being put into
performing experiments and more recently computer simulations address this question.
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Critical point

the computation of the energy at one simulation step.
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fluctuate, with time and length scales that depend on

Phase coexistence line —

. the pressure and the temperature.
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