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Abstract

This talk will summarize the present status of an ongoing research program designed to answer
the question posed in the title. Since a snapshot of liquid water with a subpicosecond shutter
speed reveals that this system (a hydrogen-bonded liguid) is above its percolation threshold, it is
tempting to imagine that connectivity concepts of the sort encompassed in percolation theory
may prove useful. We find that the traditional approach of random-bond percolation theory -
developed to describe the onset of gelation-is not sufficient, since water is well above its
gelation threshold. Hence we develop a new correlated-site percolation model, whose predictions
are found to be in quantitative agreement with molecular dynamics calculations and in qualitative
agreement with a wide range of experimental data on low-temperature water.

The picture that emerges is that of an “infinite” hydrogen-bonded network subject to con-
tinuous restructuring. At any instant of time, there are many strained and broken bonds. Tiny
patches of this network have a local density and local entropy lower than the global density and
global entropy of the network. These patches — described by correlated-site percolation theory -
are all possible sizes and are characterized by highly ramified (“tree-like”) shapes, just as in
random-site percolation.

In particular, this model explains the paradoxical facts that at sufficiently low temperature, the
isothermal compressibility Kr « {((8V))rev and the constant-pressure specific heat
Cr x {(8S))rpn increase as T decreases, while the thermal expansivity ap (8V8S)rpn is
negative. Finally, we discuss some ongoing calculations and experiments designed to provide
additional tests of the overall picture.
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Résumé

Cet exposé va résumer I’état actuel d’'un programme de recherche en cours se proposant de
résoudre la question posée dans le titre. Depuis qu’un cliché d’eau liquide effectué i I'aide d’un
obturateur a vitesse ultra-rapide (<picoseconde) a montré que ce systeme (liquide avec liaisons
hydrogéne) est au-dessus de son seuil de percolation, il est tentant de croire que les concepts de
connectivité de la sorte de ceux rencontrés en théorie de la percolation peuvent se révéler utiles.
Nous trouvons que I'approche traditionnelle de la théorie de la percolation avec liens aléatoires -
développée en vue de décrire les débuts de la gélation - est insuffisante, étant donné que ’eau est
bien au-dessus de son seuil de gélation. Nous développons alors un nouveau modéle de
corrélation entre les sites dont les prédictions s’avérent étre en accord quantitatif avec les calculs
de la dynamique moléculaire et en accord qualitatif avec un large échantillon de données
expérimentales recueillies pour I'’eau a basse température.

L’image qui en ressort est celle d’un réseau “infini” de liaisons hydrogéne sujet a restruc-
turation continue. A chaque instant, il y a plusieurs liens sous tenston ou brisés. Les petites
mailles de ce réseau ont une densité locale ainsi qu'une entropie locale inférieure a la densité et
I’entropie globale du réseau. Ces mailles — décrites par la théorie de la percolation avec cor-
rélation entre les sites — sont de toutes les grandeurs possibles et sont caractérisées par des formes
hautement ramifiées (type arbre généalogique) juste comme en percolation avec sites aléatoires.

En particulier, ce modéle explique les faits paradoxaux qu’a température suffisamment basse,
la compressibilité isothermique Kr x ((§V)’)renv et la chaleur spécifique a pression constant
Cp = ((85)")1e~ croissent comme T décroit, pendant que ’expansivité thermique ap = (5V8S))ren
est négative. Finalement nous discutons quelques calculs et expériences présentement en cours
désignés a fournir des tests additionnels 4 'ensemble.

When the Organizing Committee asked if I would present a progress report
on some relatively recent ongoing research on the relevance of percolation to
water, I happily accepted. I can never resist the opportunity to lecture on the
possibility that a relatively abstract and formal topic of statistical physics —
percolation - may in fact turn out to have an unexpected application to the
real world. It is these unexpected applications that serve to justify years of
research in basic theory.

At the beginning, it is appropriate to state my own degree of indebtedness
to a number of individuals. In addition to my collaborators who join me as
co-authors, many individuals played key roles in influencing the direction of
this research program. First and foremost, C.A. Angell should be thanked for
extensive interactions at every stage of this work. Insightful remarks of R.
Bansil, L. Bosio, A. Coniglio, H. Frank, P.G. de Gennes, W. Klein, J.
Leblond, P. Papon, S. Redner, P.J. Reynolds, and F.H. Stillinger have
strongly influenced the directions this program is taking.

This program had its genesis in large part due to my poor command of the
French language. When I arrived at the Laboratoire de Physique Thermique
to spend a few months as the “Joliot-Curie Visiting Professor” I found that
the French I had studied from language tapes bore little resemblance to that
heard in the laboratory. Either I had to learn French overnight, or speak
English. The decision was made easily: José Teixeira spoke perfect English.
He was in the process of making measurements on supercooled water, a



















































