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Multicanonical MC studies on second-order phase transition
between water and ice VII
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Department of International Liberal Studies, Chukyo University, Japan

[Abstract]  Multicanonical Monte Carlo calculations were carried out for investigating the
second-order phase transition between ice VII and plastic ice. In the present study, we used
two simple water models in which water molecules are fixed at the lattice points of the body-
centered cubic lattice: one is S6 model that restricts the orientation of hydrogen bonds of water
molecules, and the other is S12 model whose water molecules free to rotate.  In the expected
value of thermodynamic quantity, no singular point was appeared for S6 model, whereas
singular point was appeared around T = 1.0 for S12 model. Since these values are continuously
changing with temperature, we concluded that it is the second-order phase transition caused by
the order-disorder transition of rotation of water molecules. The critical temperature and the
critical exponents were also determined by using the finite-size scaling analysis.
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Fig.1 Two directions Aand B of
hydrogen bonds by a water molecule.
O stands for the nearest oxygen atoms
that can form a hydrogen bond with the
central water molecule, and X for the
other oxygen atoms.
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Fig. 2 Expectation values of
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Fig. 3 Absolute value of order

thermodynamic quantities,

(a) energy and (b) heat capacity,

as a function of temperature.
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