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A century of effort has led to a fairly com-
plete basic understanding of the static and
dynamic physicochemical properties of
_ liquids. The study of intermolecular forces
as well as advances in statistical mechan-
ics and in experimental techniques have
contributed to this knowledge. This paper
is a survey, with particular emphasis on
equilibrium properties, of the theory that
underlies this basic understanding of
liquids. [The SCI® indicates that this paper

has been cited in over 645 publications.] '
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When we were invited to write this re-
view paper we had accumulated between
us about 35 man-years of work on various
aspects of the theory of liquids, covering
many different approaches: cell, hole,
and “tunnel” models; the virial series; in-
tegral equations; thermodynamic pertur-
bation theories; and Monte Carlo and
molecular dynamics simulation methods.
Thus, almost everything that we wrote

~ had benefited from “hands-on” experi-
ence, and we knew what did not work
in the theory of liquids about as well as
what did work.

The paper was written at a propitious
time, following two decades of increasing
activity in computer simulation of liquids
that resulted in new insights and, inci-
dentally, coming almost 10 years after
our previous Citation Classic! on the
perturbation theory of liquids using a
hard-sphere reference fluid, which led to
a great deal of activity and a major
growth in the understanding of the liquid
state. As a resuit of these factors, one
could feel by 1976 that the problem of
the theory of simple liquids, at least as
far as equilibrium properties were con-
cerned, was essentially a solved problem,
whereas even 15 years earlier the very
existence of liquids had seemed a little
mysterious. Our title echoes the puzzle-
ment of an alien character in “Star Trek”’
faced with human emotions and asking
“What is ‘love’?”

We aimed to give a unified account of
the statistical mechanics of condensed
phases and to show how the solid-liquid-
gas phase diagram could be predicted in
a favorable case.2 It was our intention to
discuss both the use of simple model po-
tential functions and more realistic de-
tailed potentials, including many-body
potentials. We did our best to give a com-
prehensive survey of the many ap-
proaches to the theory of liquids, and we
examined many possible extensions of
existing theories. We gave a bibliography
and listed something over 600 references,
thus providing an entry to the very ex-
tensive literature on the subject. As a re-
sult, our paper has become recognized
alongside the book of J.P. Hansen and L.R.
McDonald3 as the “standard reference”
for the theory of liquids.4
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