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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 fofrming 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 

HxOx H 

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- 
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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 

References and Notes 

1. E. R. Lippincott, R. R. Stromberg, W. H. 
Grant, G. L. Cessac, Science 164, 1482 (1969). 

2. L. J. Bellamy, A. R. Osborne, E. R. Lippin- 
cott, A. R. Bandy, Chem. Ind. (London) 1969, 
686 (1969). 

3. B. V. Derjaguin, N. V. Churaev, N. N. Fedya- 
kin, M. V. Talaev, I. G. Ershova, Izv. Akad. 
Nauk SSSR 10, 2173 (1967); Bull. USSR Chem. 
Sci. (Eng.) 2095 (1967); V. I. Anisimova, B. 
V. Derjaguin, I. G. Ershova, D. S. Lychnikov, 
Y. I. Rabinovich, U. K. L. Simanova, N. V. 
Churaev, Russ. J. Phys. Chem. 41, 1282 (1967); 
N. N. Fedyakin, B. V. Derjaguin, A. V. Nori- 
kova, M. V. Talaev, Dokl. Akad. Nauk SSSR 
165, 862 (1965). 

4. G. C. Pimentel, J. Chem. Phys. 19, 446 (1951). 
5. J. W. Linnett, J. Amer. Chem. Soc. 83, 2643 

(1961); Electronic Structure of Molecules 
(Methuen, London, 1964). 

6. R. Harcourt, A. Harcourt, J. W. Linnett, in 
preparation. 

7. E. Willis, C. K. Rennie, C. Smart, B. A. 
Pethica, Nature 222, 159 (1969). 

29 January 1970 

"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 H20, 
allowed to form below atmospheric 
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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 H20, 
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 (1). 
Lippincott et al. (2) have recently 
proposed that this condensate (known 
as anomalous water) contains a poly- 
mer consisting of H20 monomeric 
units-polymeric water or "polywater." 
The possible existence of a previously 

proposed that this condensate (known 
as anomalous water) contains a poly- 
mer consisting of H20 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 
fim in diameter (1, 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 (1). Furthermore, analysis 
by transmission infrared spectroscopy 
in the region from 1000 to 4000 cm-1 
indicated absorption bands characteris- 
tic of both normal H20 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 
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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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the measurement of dielectric properties 
to anomalous water would be expected 
to yield useful information on its in- 
ternal molecular structure. Measure- 
ments were performed by means of a 
specially designed, variable-separation 
parallel-plate capacitor in conjunction 
with reactance bridges operating at fre- 
quencies from 10 to 107 hz. Air, pure 
water, and dilute HC1 were used as 
working standards to check the per- 
formance of this apparatus. The dielec- 
tric constant e and effective parallel 
conductance G of our anomalous water 
specimen are shown as a function of 
frequency in Fig. 1. The magnitude and 
frequency dependence of these data are 
quite unusual and these dependencies 
differ in character from those observed 
for true solutions, or for other single- 
phase liquids including polymers (4). 
Single-phase liquids have dielectric 
properties qualitatively similar to those 
shown in Fig. 1 for H,O. There is, 
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Fig. 1. Dielectric properties of several 
liquids as a function of frequency- The 
data for anomalous water (circles) strongly 
resemble data obtained on suspensions of 
Pyrex spheres 2,m (squares) and 20 am 
(triangles) in diameter in 0.005M potas- 
sium chloride (4). To illustrate this re- 
semblance straight-line segments are drawn 
through the data as appropriate. For com- 
parison, data are shown for pure water 
(dashed line). 

however, a class of two-phase systems, 
the colloidal suspensions or sols, that 
possess dielectric properties (5) re- 
markably similar to those we have ob- 
served for anomalous water. To illus- 
trate this similarity, data (5) on two- 
sol systems are also shown in Fig. 1. 
Thus it appears that our anomalous 
water specimen is a hydrosol consisting 
of finely divided particulate matter sus- 
pended in ordinary water. 

This particulate matter was further 
investigated by scanning electron mi- 
croscopy. The anomalous water speci- 
men was vacuum-dried prior to microg- 
raphy to remove all free water. Two 
representative micrographs of the re- 
sulting residue (Fig. 2) reveal substan- 
tial quantities of particulate matter. The 
particles appear "fluffy" and range in 
size from 800 A to several micrometers. 
The electrical conductivity of these 
particles is low, as was indicated by the 
appreciable charging observed during 
scanning electron micrography. This 
charging somewhat degrades the reso- 
lution capabilities of the scanning elec- 
tron microscope. 

No extraordinary precautions were 
taken to assure the absence of casual 
particulate contamination (as from dust 
and the like) of our specimen. The 
possibility of contamination was investi- 
gated by taking scanning electron mi- 
crographs of a vacuum-dried tap water 
specimen handled in the same manner 
as the anomalous water specimen. 
These micrographs gave no evidence of 
particulate matter. In addition, the di- 
electric constant of tap water is virtu- 
ally indistinguishable from that of 
distilled water. Hence, casual contami- 
nation does not yield the properties 
observed for our sample of anomalous 
water. 

Electron microprobe analysis of the 
elemental composition of the particu- 
late matter observed in our anomalous 
water specimen (6) indicates the pres- 
ence of substantial quantities of both 
potassium and chlorine. The presence 
of small quantities of other elements 
including sodium and sulfur was also 
indicated. No appreciable amount of 
silicon was found. The microprobe used 
was not sensitive to elements lighter 
than fluorine, and hence the presence 
of such elements as oxygen and nitro- 
gen could not be determined by this 
technique. These elements are likely to 
be present because the characteristic 
"polywater" absorption band at ap- 
proximately 1400 cm-1 resembles 
strongly the absorption spectrum of 

KNOa. 
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To realistically interpret the role of 
particulate matter in the "polywater" 
phenomenon, it is necessary to care- 
fully consider the experimental tech- 
niques involved in the production and 
analysis of anomalous water. Anoma- 
lous water has thus far been produced 
primarily in freshly drawn quartz or 
Pyrex capillaries. Freshly drawn capil- 
laries possess, on a submicroscopic 
scale, a large, highly reactive free sur- 
face which may serve as a source for 
potential sol formers. We propose that 
sol formers, in highly hydrated form, 
are responsible for the properties of 
our anomalous water specimen. The 
presence of even trace quantities of sol 
formers will entirely alter the properties 
of water. For example, the commercial 

sol-forming material Macaloid (7), 

Fig. 2. Scanning electron micrographs of 
anomalous water. (a) Low-resolution mi- 
crograph showing the edge of the residue 
left after vacuum drying. A large number 
of particles comprise this residue. (b) 
Higher resolution micrograph showing the 
region set off by the small dashed white 
circle near the upper center of (a). Many 
smaller particles are evident. Micrographs 
of vacuum-dried tap water show no such 
particulate matter. 
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when added in concentrations of ap- 
proximately 1 percent by weight, will 
transform a beaker of water into a 
thixotropic paste which exhibits many 
external physical properties similar to 
those of polywater. 

We conclude that our anomalous 
water specimen is a two-phase system, 
that is, a hydrosol, consisting of finely 
divided particulate matter suspended in 
ordinary water. This conclusion is con- 
sistent with the reported properties of 
anomalous water. As previously noted, 
thoroughgoing analyses of all kinds will 
be required before sufficient data is 
amassed to unequivocally establish the 
nature of anomalous water. There is 
presently little evidence to suggest that 
the anomalous water studied by others 
(1, 2) is not a hydrosol. We therefore 
suggest that proposed "polywater" 
specimens be examined for the presence 
of particulate matter. The presence of 
such matter offers an alternative ex- 
planation for the unusual properties of 
anomalous water. This alternative does 
not require the postulation of a poly- 
meric form of H20. 
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Alpha Radioactivity of the Lunar Surface 

at the Landing Sites of Surveyors 5, 6, and 7 

Abstract. Evidence has been obtained for a radioactive deposit on the lunar 
surface at Mare Tranquillitatis with a total intensity of 0.09 -+- 0.03 alpha disinte- 
gration per second per square centimeter. The presence of polonium-210 in 
amounts that are close to equilibrium indicates a continuous turnover rate of 
lunar material at this site of less than 0.1 micrometer per year. The lack of such 
a deposit at two other lunar sites suggests lower local concentrations of uranium 
there. 
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there. 

The possibility of an alpha-emitting 
radioactive deposit on the lunar surface, 
caused by the decay in space of radon 
isotopes diffusing out of lunar surface 
material, was suggested by Kraner et al. 
(1). Recently Yeh and Van Allen (2) 
have set upper limits on the amount 
of such alpha radioactivity by the use 
of data from the Explorer 35 satellite 
orbiting the moon. The alpha-scattering 
experiment performed at three locations 
on the moon in 1967-68 by Surveyor 
spacecraft has provided evidence for 
such an alpha-active deposit in Mare 
Tranquillitatis. No such evidence was 
found at Sinus Medii or outside the 
crater Tycho. 

The active deposit from radon (222Rn, 

tl/2 = 3.825 days) should contain, at 
equilibrium, daughter products that emit 
alpha particles of energies 6.00, 7.69, 
and 5.31 Mev. The deposit from thoron 
(220Rn, t1/2 = 54.5 seconds) should be 
less intense if the source rock has a 
Th/U concentration ratio in the usual 
range and should emit alpha particles 
of energies 6.78 (1), 6.05 (0.33), and 
8.78 (0.67) Mev, where the numbers 
in parentheses refer to the relative in- 
tensities within the series. The deposit 
from both of these radon isotopes, as 
well as from the even less abundant 
actinon 219 Rn, should be on the very 
top of the undisturbed lunar surface. 
The 218 Po and 214po daughters of 222Rn 
and the 216 Po, 212Bi, and 212Po daugh- 
ters of 220 Rn, because of their relatively 
short half-lives and those of their pre- 
cursors, should come to equilibrium 
with their noble gas ancestors within a 
day or less. The formation of 210Po 
is held up, however, by the 22-year 
half-life of its grandparent 210Pb. 

Although not designed for this pur- 
pose, the Surveyor alpha-scattering ex- 
periment (3, 4) provided information on 
this question of an active deposit on the 
lunar surface. Its sensitivity was limited 
by the short operating time in certain 
stages of the experiment, by the presence 
of a small amount of 254Es (T =- 6.44 

The possibility of an alpha-emitting 
radioactive deposit on the lunar surface, 
caused by the decay in space of radon 
isotopes diffusing out of lunar surface 
material, was suggested by Kraner et al. 
(1). Recently Yeh and Van Allen (2) 
have set upper limits on the amount 
of such alpha radioactivity by the use 
of data from the Explorer 35 satellite 
orbiting the moon. The alpha-scattering 
experiment performed at three locations 
on the moon in 1967-68 by Surveyor 
spacecraft has provided evidence for 
such an alpha-active deposit in Mare 
Tranquillitatis. No such evidence was 
found at Sinus Medii or outside the 
crater Tycho. 

The active deposit from radon (222Rn, 

tl/2 = 3.825 days) should contain, at 
equilibrium, daughter products that emit 
alpha particles of energies 6.00, 7.69, 
and 5.31 Mev. The deposit from thoron 
(220Rn, t1/2 = 54.5 seconds) should be 
less intense if the source rock has a 
Th/U concentration ratio in the usual 
range and should emit alpha particles 
of energies 6.78 (1), 6.05 (0.33), and 
8.78 (0.67) Mev, where the numbers 
in parentheses refer to the relative in- 
tensities within the series. The deposit 
from both of these radon isotopes, as 
well as from the even less abundant 
actinon 219 Rn, should be on the very 
top of the undisturbed lunar surface. 
The 218 Po and 214po daughters of 222Rn 
and the 216 Po, 212Bi, and 212Po daugh- 
ters of 220 Rn, because of their relatively 
short half-lives and those of their pre- 
cursors, should come to equilibrium 
with their noble gas ancestors within a 
day or less. The formation of 210Po 
is held up, however, by the 22-year 
half-life of its grandparent 210Pb. 

Although not designed for this pur- 
pose, the Surveyor alpha-scattering ex- 
periment (3, 4) provided information on 
this question of an active deposit on the 
lunar surface. Its sensitivity was limited 
by the short operating time in certain 
stages of the experiment, by the presence 
of a small amount of 254Es (T =- 6.44 

Mev) placed close to the alpha detectors 
to provide a check of the energy scale 
of the instrument, and by the presence 
of a small "background" produced by 
the scattering of uncollimated alpha 
particles from the gold-lined interior of 
the instrument. The cosmic-ray-pro- 
duced background in the alpha detec- 
tors was very low. 

In the second stage of operation of 
the experiment (3), data were recorded 
while the instrument was suspended 
about 56 cm above the lunar surface. In 
this position the alpha detectors should 
have measured any long-lived (for in- 
stance, 210Po, Ta = 5.31 Mev) alpha ac- 
tivity on approximately 7000 cm2 of 
lunar surface underneath the instru- 
ment. They should also have measured 
the rate of the deposition of active 
products of 222Rn through the amounts 
of the short-lived progeny-that is, 
218Po (6.00 Mev) and 214Po (7.69 Mev). 
Because of shadowing by the spacecraft 
and by the overhanging instrument (30 
cm diameter), the observed rate of 
deposition is estimated to be only about 
0.74 of the rate expected on an open 
lunar surface. The proton detectors of 
the instrument should have been sensi- 
tive only to the 7.69-Mev (214Po) alpha 
particles because of the gold absorbers 
over the detectors. The degraded alpha 
spectrum in this mode is expected, how- 
ever, to be too smeared to be identifiable. 

In this stage of operation, the Sur- 
veyor 5 experiment at Mare Tranquil- 
litatis gave moderately convincing evi- 
dence for alpha particles of energy 5.31 
and 6.00 Mev (see Fig. 1). The pres- 
ence of 5.31-Mev alpha particles indi- 
cates that at least part of the surface 
near the spacecraft had not been dis- 
turbed by the landing. In addition to the 
evidence in the alpha spectrum, the 
overflow channel of the pulse-height 
analyzer, which recorded events of 
energy greater than 7.3 Mev and there- 
fore should have recorded the 7.69- 
Mev alpha particles also, showed an 
excess number of events when the in- 
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