niques of nonlinear dynamics can have an
insidious way of finding patterns in data
where none, in fact, may exist. To counter
this pitfall, he and others are developing so-
phisticated methods for determining whether
a data set is truly random or may actually
contain hidden patterns that nonlinear dy-
namics analyses might discern.

Should the biological and medical com-
munity embrace nonlinear dynamics despite
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the new methodology’s pitfalls and uncer-
tainties? William Raub, special assistant for
health affairs in the White House Office of
Science and Technology Policy and former
acting director of NIH, thinks they ought to
at least give it a try. Raub, who presented
opening and closing remarks at the workshop’s
Monday session, notes that right now, “in an
intensive care unit, with the best [diagnostic]
equipment and most capable doctors around,

someone can drop dead and no one will have
seen it coming. It may be that the info [of the
impending heart failure] is not in the [elec-
trocardiographic] trace,” admits Raub. “But
most of us think it has got to be there.” Find-
ing it—and other possible signatures of chaos
in complex biological systems—will, how-
ever, require some changes in the dynamics
of the biological research community.
~Ivan Amato

A New Blueprint for Water’s Architecture

Liquid water—the stuff of oceans, the me-
dium of life, and the most highly researched
fluid of all time—continues to baffle scientists
seeking its molecular structure. As water theo-
rist H. Eugene Stanley of Boston University
admits, most ideas about how the V-shaped
H;O molecules interact in liquid water “are
just wild conjectures, including my own.” But
in the 20 May Journal of the American Chem-
ical Society (JACS), a pair of California
chemists propose an idea that, to other wa-

exclude the possibility.

Water researchers agree that the H,0O
molecules in liquid water, with their strong
tendency to hydrogen-bond, must form tran-
sient networks of some kind. But tracing those
networks lies out of experimenters’ reach.
The stable hydrogen-bonded structure of ice
can be laid bare via x-ray crystallography, but
there’s no instrument capable of taking a
detailed snapshot of liquid water’s structure.
The resulting experimental vacuum has be-

ter researchers, appears a
little wilder than most.

At the heart of liquid
water, suggest chemists Syd-
ney Benson, distinguished
professor emeritus at the
University of Southern
California, and Eleanor
Siebert of Mount Saint
Mary’s College in Los An-
geles, are tiny cubes and
rings of water—octamers
and tetramers made of eight
and four water molecules,
respectively. These and
similar clusters in turn link
into small chains or net-
works that continuously
form and break up. The glue
holding these clusters to-
gether and linking them to |

one another consists mostly
of hydrogen bonds—weak
and transient links that can
form between electrically polarized mol-
ecules like water.

To Benson and Siebert, this surprisingly
ordered microstructure can account not only
for water’s fluidity but for some of its other
tricks as well, such as its high heat capac-
ity—its ability to absorb anomalously large
amounts of heat as its temperature rises. To
some other theorists, though, this new
octamer-tetramer picture represents too radi-
cal a departure from the prevalent, more
random pictures of water’s liquid structure.
“I don’t like the idea much,” says Alfons
Geiger, a water theorist at the University of
Dortmund in Germany and Stanley’s inter-
mittent collaborator. But he admits he can’t

1764

Hidden order. Small networks of hydrogen-bonded water clus-
ters could acount for water’s physical quirks.

come the domain of computer models, specu-
lations, and polemics—a veritable Rorschach
test for theorists.

Based on computer simulations of inter-
acting water molecules, most researchers en-
vision a completely random network of bonds.
Rather than locking the molecules into gel-
like stasis, the bonds shift continuously—in
asecond the hydrogen bonds between a single
water molecule and its neighbors can break
and reform 500 billion times—in a dance
that allows water to flow. But Benson argues
that water’s high heat capacity presents an-
other puzzle that these kinds of random-net-
work models can’t readily solve.

What soaks up the latge input of heat
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needed to raise water’s temperature a given
amount, Benson argues, must be a large in-
crease in entropy, or disorder. To explain how
the entropy could be increasing so much, he
and Siebert surmise that the structure of lig-
uid water must offer more places for disorder
to creep in than existing structural proposals
would allow. In other words, it has to include
an extra measure of order in the first place.

Computer modelers have tended to over-
look that thermodynamic puzzle, says Benson.
“I don’t have faith in computer models,” he
says. Despite the ability of well-programmed
computers to simulate many of water’s prop-
erties, he argues, a combination of assump-
tions, approximations, and ad hoc adjust-
ments in the calculations put the simulations
on thin ice. In their JACS paper, he and
Siebert rely instead on thermodynamic argu-
ments, together with their own healthy dose
of assumptions and corrections, to support
their octamer-tetramer structural theory,
which Benson has been developing since the
late-1970s. They argue that when a hydro-
gen bond breaks between the orderly clusters
of their model, the entropy of the structure
increases far more than it does for similar
bond breakage in a random network—enough
to explain liquid water’s high heat capacity.

Charles A. Angell, a physical chemist at
Arizona State University who studies water
both in vitro and in computer models,
Stanley, and others insist that other proper-
ties of water reproduced in computer simula-
tions can explain its high heat capacity.
There’s no need, Angell says, to posit a struc-
ture as elaborate as Benson and Siebert’s. So
confident is Angell in thé numerical meth-
ods that he says, “If there were any truth to
Benson’s model, the structures should show
up in computer models.”

Benson is stalwart. “What is remarkable
to me is that the mainstream has never ex-
plained the properties of water,” he says.
Still, he concedes that the less traveled tribu-
tary that he and Siebert paddle in their JACS
paper may end up just as dry. “Is there any
direct evidence for the structures we have
discussed here?” the two ask rhetorically in
their paper. Like all other theorists pushing a
particular model of water’s microstructure,
they have to concede: “Unfortunately, no.”

~Ivan Amato





