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Abstract

Water is believed to be an essential element for the lives on the Earth. It is a simple molecule consisting of two
hydrogen and one oxygen atoms, whereas it supports the chemical reactions in various biological processes.
Among many open problems, a particularly interesting one is to understand what is role of water to help the
protein folding.

We try to reveal some nature of the water by using a much simplified model — Dipolar Dimer Liquid (DDL).
Particularly, we consider the DDL on a two-dimensional lattice. We found there exists a partially ordered phase
(which we called glacia phase) in the low temperature and high density regime. The phase transition may be
understood by mapping it to an annealed Ising model on random graphs. The critical temperature is bounded by
exactly solvable Ising models. As an application, we further considered polymers in the DDL. In the low
temperature and high density limit, the configurational entropy of the DDL may also be exactly calculated, which
quantifies the entropic nature of the hydrophaobic effect. We found a scaling law of the entropy, which implies the
non-trivial role of the water in the protein folding problem.
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