under extremely well-defined experi-
mental conditions to demonstrate pre-
cisely which of the anomalous proper-
ties may result solely from contamin-
ants. In the meantime our evidence
makes it unlikely that the recently re-
ported polymer of water exists.

D. L. RouUSSEAU
Bell Telephone Laboratories,
Murray Hill, New Jersey

S. P. S. Porto

Department of Physics and Electrical
Engineering, University of Southern
California, Los Angeles
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Consequently, one can go further and
propose formula 2.

0O X0 XoX
xF xHo Fo (2)
oxo XoX

According to the double-quartet hy-
pothesis (5), which ‘lays particular
stress on electron correlation, each atom
will possess two spin-sets of electrons,
each set of four being accommodated
in a tetrahedrally disposed group of
four orbitals, one group being stag-
gered relative to the other.

A more accurate description of the
electronic structure of FHF— would
be achieved by adding to the wave
function corresponding to formula 2,
wave functions describing

E-HE and E Hop O

though their importance would be ex-
pected to be lower. The molecular or-
bital function of Pimentel is obtained
if the contributions of formulas 2 and 3
are equal (6).

With the double-quartet model it is
possible to envisage a three-dimensional

x L3
....qoo....

x 'y X
i H i
: :
: H
; i
o X o

Fig. 1. Diagram indicating proposed elec-
tronic structure of polywater.

network structure for polywater within
which all the oxygen atoms are linked
to one another by bonds of the FHF
type as described by formula 2. This
could be achieved, for example, by
pseudo-zinc-blende or pseudo-wurtzite
structures. In both of these, each zinc
is surrounded tetrahedrally by four
sulfur atoms and each sulfur tetra-
hedrally by four zinc atoms. That is,
there are two sets of sites, each site in
one set being surrounded tetrahedrally
by four sites of the other set. The
proposal for the structure of polywater
would be that every site is occupied
by an oxygen atom and that a proton
lies halfway between every two ad-
jacent sites. The oxygen atoms on one
set of sites would use the electrons of
one spin to bind the protons round
them (the electrons of the other spin-
set being staggered on each atom with
respect to the bonding set), while the
oxygen atoms on the other set of sites
would use the electrons of the other
spin to bind the protons. A diagram
which portrays this is shown in Fig. 1.’
The effectiveness of this diagram is
limited because the two-dimensional
diagram is inadequate to depict fully
the three-dimensional structure.

Each OHO bond is described by

xQoHxQo

and each oxygen atom participates in
four such groupings tetrahedrally dis-
posed. This electronic structure could
be described in a corresponding Pimen-
tel-type form incorporating less electron
correlation in the following way. Use
four sp® hybrid orbitals (k) at each oxy-
gen atom. Then for each OHO “bond”
there would be an electron pair oc-
cupying (A, + k1 sy + hye) which s
bonding and another pair occupying
(hy» — hy») which is nonbonding (or
perhaps slightly antibonding). As with
FHF-, the major difference between
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Fig. 2. Diagram indicating a way of ter-
minating the continuous lattice.

the two formulations lies in the amount
of electron correlation included.

The structure proposed, which is po-
tentially unlimited in its spatial extent,
could be terminated in the manner
shown in Fig. 2. As for all other oxygen
atoms (and hydrogen atoms) in the
lattice, the formal charge on the ter-
minating oxygen atoms is zero since
they are forming one two-electron bond
and two one-electron bonds to protons.
It should be noted that the terminating
oxygen atom is joined to two hydro-
gens of the main structure in such a
way that the tetrahedral angle of HOH
is maintained. That is, at the termi-
nating oxygen atom the

HxOxH

angle remains tetrahedral as required
by the overall structure, one normal
electron-pair bond is formed, and the
~ orbitals for the other six electrons re-
main noncoincident without any dis-
tortion from the tetrahedral conforma-
tion for either of the spin-sets.

This model would therefore suggest
that polywater consists of micelles hav-
ing the internal structure shown in Fig.
1. These would presumably be con-
tained in a small amount of ordinary
water to which they would be hydro-
gen bonded in a conventional way. So
the material would be colloidal in
character, which is a description used
by Willis et al. (7). This model ac-
counts for the spectroscopic properties,

the density, and the viscosity. Perhaps -

the surface initiation of the formation
of polywater results from the presence
of some oxygen atoms in the surface
of the silica or silicate glass which have
structures in which the two spin-sets
of electrons are staggered with respect
to one another. Such atoms could pro-
vide centers for initiating the structure
indicated in Fig. 1. Moreover, once
formed the micelles would be expected
to be stable because the individual
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bonds are strong and this model re-
quires that there would have to be a
considerable cooperative change to
disintegrate a micelle. On the other
hand, the micelles would also not be
easy to form particularly if ions or
molecules were present which held the
water molecules by conventional hy-
drogen bonds. This feature results from
the fact that the structure proposed
which is depicted by formula 1 is es-
sentially different from those depicted
by formula 3.

J. W. LINNETT
Department of Physical Chemistry,
University of Cambridge,
Cambridge, England
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“Polywater”: A Hydrosol?

Abstract. Measurements of the di-
electric constant and the effective paral-
lel conductance of a specimen of
anomalous water suggest that anom-
alous water is a hydrosol consisting of
finely divided particulate matter sus-
pended in ordinary water. Scanning
electron micrography confirms the pres-
ence of particulate matter. These new
experimental data provide an alterna-
tive explanation for the properties of
anomalous water.

Condensate of nominally pure HyO,
allowed to form below atmospheric
pressure in freshly drawn quartz or Py-
rex capillaries, has been shown to pos-
sess physical properties very different
from those of ordinary water (I).
Lippincott et al. (2) have recently
proposed that this condensate (known
as anomalous water) contains a poly-
mer consisting of H,O monomeric
units—polymeric water or “polywater.”
The possible existence of a previously

unknown, stable, polymeric form of
water has stimulated much interest in
the properties of anomalous water.

Anomalous water has thus far been
produced only in extremely small quan-
tities. The lack of a sample large
enough for detailed chemical analysis
has hindered investigators from per-
forming those experiments which would
allow them to unequivocally determine
the nature of anomalous water. Thus
the “polywater” proposal must be con-
sidered as one possibility among many.
To aid in assessing these possibilities,
we report here new measurements of
some of the physical properties of
anomalous water. Our study reveals the
presence of highly dispersed particulate
matter in anomalous water. Hydrosols
(3) (aqueous systems containing highly
dispersed particulate matter) exhibit
many of the physical properties of
anomalous water. Hence, our experi-
ments suggest that a suitable alterna-
tive explanation for the unusual proper-
ties of anomalous water may be found
in the phenomenon of sol formation.

Anomalous water was prepared by
the condensation of water vapor in
freshly drawn .Pyrex capillaries = 50
pm in diameter (I, 2). Pyrex tubing was
rinsed in flowing distilled water for 3
hours before being drawn into capil-
laries. The resulting capillaries were
then allowed to stand for several days
suspended over distilled water in a par-
tially evacuated system. Condensate
that formed within these capillaries was
removed by centrifugation. Two micro-
liters of fluid were thus obtained. This
fluid possessed the mechanical prop-
erties previously reported for anom-
alous water (). Furthermore, analysis
by transmission infrared spectroscopy
in the region from 1000 to 4000 cm—1
indicated absorption bands characteris- -
tic of both normal H,O and “polywater.”
In particular, the characteristic “poly-
water” absorption near 1400 cm™ [as
reported by Lippincott et al. (2)] was
observed. Therefore, we proceed on the
basis that the sample under discussion
is indeed anomalous water and that it
contains, in dilute form, that material
which has been proposed to be poly-
meric water. All experiments described
below were performed on the same
specimen.

Dielectric measurements are a power-
ful tool for the determination of the
symmetry of molecular species; the di-
electric constant of a substance is, in
general, a measure of the dipole mo-
ment of its constituent molecules.
Hence, application of techniques for
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