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In various parts of chemistry, graph theory has long been applied to
create simple mathematical models of molecules and their links. Typi-
cally, the atoms (or the molecules) correspond to the graph nodes, and
their chemical bonds correspond to the edges. In this talk, based on [2],
we propose a new order parameter based on the Total Communicability
to identify the low-density liquid (LDL) and high-density liquid (HDL)
phases of liquid water. Although network-based approaches have been ap-
plied to the investigation of other water-related processes, the problem of
determining the LDL and HDL phases using centrality measures has not
been considered before. The Total Communicability [1] of a node vi is
defined as: TC(vi) = [eβA1]i, where 1 is the vector of ones, A is the ad-
jacency matrix of the network, and β > 0 is a parameter. This quantity
has an interpretation in terms of walks on the graph, it takes into account
the global properties of the network, and it can be computed efficiently us-
ing algorithms for computing the action of a matrix function on a vector,
that is, for computing the vector f(A)v for a matrix A (usually large and
sparse), a vector v, and function f .
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