boxylic acids quite accurately reproduce
the infrared spectrum (16, 17). Large
photoelectron signals consistent with
salts ~of carboxylic acids have
been observed in each sample in the
study reported here. It is therefore very
likely that this type of grouping is re-
sponsible for much of the reported in-
frared spectrum of “polywater” (I8).
In any event, the consistent evidence
that polywater samples are highly con-
taminated makes it unlikely that the
unique properties result from polymer-
ized HyO units. Very probably the en-
tire phenomenon results from a complex

mixture of salts.
R. E. Davis

Department of Chemistry,
Purdue University,
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Similarities between the Infrared Spectra

Abstract. The infrared spectrum of “polywater” is remarkably similar to that
of sodium lactate, the primary constituent of sweat. It is proposed, therefore, that
this property of “polywater,” and possibly others, results from accidental biologi-
cal contamination. Such contamination is consistent with chemical analyses of
“polywater” samples prepared both here and abroad.

A great deal of attention has been
devoted to the infrared spectrum of
“polywater.” - Originally the spectrum
was thought to be unique (/) and has
been regarded by many investigators as
the most meaningful means of monitor-
ing the successful production of this
new material. The same general spec-
trum has been obtained independently
in several different  laboratories, thus
confirming its reproducibility (/-3).
Recently, however, the “polywater”
infrared spectrum has been the subject
of some controversy, and similarities
between it and the infrared spectra of
other materials, especially salts of
carboxylic acids, has been pointed out

(4). In spite of this similarity, the in-

frared spectrum has still been consid-
ered to be a reliable property of “poly-
water,” because its critics have been
unable to suggest a consistent and
plausible origin for the specific carbox-
ylic acid salts needed to reproduce the
spectrum. .

In this. report I propose that the
unique material present in “polywater”
samples that is responsible for the in-
frared spectrum may be sodium lactate,
which probably originates through con-
tamination from human sweat. Bio-

logical contamination is consistent with
reported analyses of ‘“polywater” sam-
ples prepared by many American in-
vestigators and with analyses carried out
in the Soviet Union on samples prepared
by B. V. Deryagin and his co-workers.
Infrared spectra of sweat residues and
of sodium lactate are in good agreement
with - “polywater” infrared spectra.

The infrared spectrum of “poly-
water” consists of a strong band near
1600 cm—1, weaker bands near 1400
cm~1, bands of variable intensity at
1100 cm—1, and sometimes bands near
3300 cm—1 attributable to normal H,O
adsorbed on the sample. Often a single
high-intensity band is observed at 1100
cm—1, and this band has been assigned
as a sulfate impurity (2, 3). However,
in some spectra the intensity of this
band is quite weak and two distinct
features are discernible. For example,
in the original spectrum reported by
Lippincott et al. (1) there appear to be
bands at about 1125 and 1050 cm—1!.
There is also variation in the reported
intensity and shape of the absorptions
in the 1400 cm—1 region, but the band
near 1600 cm~—! is consistently very
strong and has been located at fre-
quencies from 1595 to 1630 cm—1, A
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typical spectrum of ‘“polywater” pre-
pared in our laboratory at saturation
conditions is shown in Fig. 1 (spectrum
A). It exhibits the usual strong band
at about 1600 cm—1 and considerable
structure near 1400 cm—1! with the
strongest feature in this region at about
1420 cm—1. As reported by Lippincott
et al., two bands are seen, one at 1125
cm—1! and the other at 1045 cm—1.
The absence of a stronger band in this
range indicates that the sulfate con-
tamination was small in this sample.
In recent investigations (5, 6) of
“polywater” prepared from D,O the
material has been shown to have the
same infrared spectrum as that of
“polywater” prepared from H,O. Since
the deuterated material did not undergo
any isotope frequency shift, it has been
concluded that the ‘“polywater” spec-
trum does not originate from a polymer
of H,O units. However, it has been
difficult to determine an alternative
origin of this spectrum, although some
investigators have shown that there are
materials with infrared spectra very
similar to that of “polywater” (4). Of
several possibilities proposed, only
carboxylic acid salts have a strong band
close to 1600 cm—1. Lippincott (7) al-
leged, however, that to reproduce the
“polywater” spectrum exactly with salts
of simple organic acids, formates and
acetates, it is necessary that trivalent
cations, not found in any reported
analyses, be present. '
Sensitive chemical analysis of “poly-
water” has consistently yielded evidence
of significant contamination, and in
several cases carbon has been detected.
Quantitative estimates by Rousseau and
Porto have indicated 5 to 35 percent
carbon in “polywater” samples (3).
Similarly, Page and Jakobsen found 12
percent carbon in their samples (8).
Furthermore, a recent electron spectros-
copy for chemical analysis (ESCA) in-
vestigation (9) of “polywater” revealed
the presence of a variety of carbon
compounds. In that investigation sev-
eral different chemical environments
could be attributed to carbon, and from
the chemical shifts it was concluded
that aliphatic or aromatic carbon was
present and carbon bonded either as
CO,2—, HCO;—, or RCOO— occurred
in all the “polywater” samples tested.
Deryagin and Churaev recently re-
ported (/0) that their “polywater” con-
tained not more than 1 percent carbon
but failed to give any details of their
analytical techniques. However, some
details of analytical experiments carried
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Fig. 1. The infrared spectrum of (A) “polywater,” (B) sweat, and (C) sodium lactate.
The discontinuities in spectrum A and spectrum B result from a change in the spec-
trometer grating, and the loss of intensity at low frequency is also an instrumental
effect. The spectra were measured on a Beckman IR 12 infrared spectrophotometer.
Silicon plates were used as the substrate material in spectrum A and spectrum B and
silver chloride was used in spectrum C. Each of these materials has featureless back-

grounds in this region.

out on Deryagin’s samples have been
presented by V. L. Tal’rose at a meeting
of the Division of General and Engi-

neering Chemistry of the Soviet Acad--

emy of Sciences held in June 1969 (11).
Initially, Tal'rose did mass spectro-
metric analyses on 25 of Deryagin’s
samples and one sample from a for-
eign (non-Russian) laboratory. Every
one of these samples was found to con-
tain organic substances, including lipids
and phospholipids in very high concen-
trations. Tal’rose reported that a later
analysis on five additional samples pre-
pared by Deryagin in a new apparatus
showed a smaller percentage of organic
contamination.

To study in greater detail the effects
possible biological contamination may
have on the properties of “polywater,”
infrared spectra from several sweat
residues were obtained. The liquid
sweat samples were isolated by press-
ing the liquid from cotton and woolen
fabric that had become saturated with
male upper-body sweat after extensive
physical exertion. Samples of this liquid
were then placed on silicon plates and
allowed to evaporate to dryness for
infrared analysis. Spectrum B (Fig. 1)
is a representative example. This spec-
trum has a strong line at 1600 cm—1,
as does “polywater,” and a band at
1420 cm—1!. Furthermore, it contains
bands at 1045 and 1125 cm~—1. In one
sample studied a much stronger band
was seen near 1100 cm—!, consistent
with large variations of this band in

“polywater” samples. In general, the
frequencies of the bands found in sweat
are in good agreement with those found
in “polywater,” although some of the
relative intensities are different. These
variations no doubt result from slightly
different relative concentrations of some
of the compounds found in “pure”
sweat as compared to those found in
“polywater.”

The composition of sweat has been
studied (/2) extensively, and, in addi-
tion to water, its primary constituents
are Na, Cl, K, Ca, SO,2— plus many
organic acids (/3). The most concen-
trated organic material is lactic acid,
CH;CHOHCOOH, and the infrared
spectrum of its sodium salt is shown in
Fig. 1 (spectrum C). Clearly, the spec-
trum of sodium lactate is in good agree-
ment with both the “polywater” spec-
trum and the sweat spectrum, with its
strongest bands at 1600, 1420, 1125,
and 1045 cm—1!, The broad band at
3300 cm—1 results from absorbed
H,0O (sodium lactate is hygroscopic)

-and heating the sample while it was in

the spectrometer reduced the band by
more than a factor of 5 (I14).
Variations in individual “polywater”
spectra and additional bands sometimes
seen probably result from some of the
many additional impurities found in
“polywater” samples. These include
other organic acids (I5), borates, sili-
cates, carbonates, bicarbonates, sulfates,
and nitrates (9). [For example, nitrate
seen in some analyses (9, /6) probably
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accounts for the strong feature seen at
1365 cm—1! in various samples.]

The high concentration of impuri-
ties in “polywater” samples that exhibit
the appropriate infrared spectrum and
the failure of the absorption bands to
undergo isotope frequency shifts on
deuteration make it very unlikely that
the spectrum originates from polymer-
ized HyO units. The evidence presented
here is consistent with this assumption
and shows that sodium lactate, the
primary constituent of sweat, may ac-
count for the main features of the infra-
red spectrum (7).

D. L. ROUSSEAU
Bell Telephone Laboratories,
Murray Hill, New Jersey 07974
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Paleolimnology of Late Quaternary Deposits:

Seibold Site, North Dakota

Abstract. A unique late Quaternary lacustrine deposit has been discovered
recently on the Missouri Coteau of North Dakota. A diverse, extremely well-
preserved biota of more than 160 species has been recovered primarily from an
organic mud deposited about 9500 years before the present. The lacustrine body
shallowed gradually as the climate became drier.

In the autumn of 1969, an extremely
diverse and unusually well-preserved
fossil assemblage was discovered in a
late Quaternary lacustrine deposit in
southeastern North Dakota (I); fish, a
frog, beaver, and muskrat form part of
this assemblage. We present here our
preliminary findings.

Fossils were recovered from an ex-
cavation on the floor of an intermittent
pond in the SW¥4 NWV4 section 21,
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township 141 north, range 67 west,
about 17 km southeast of Woodworth,
Stutsman County, North Dakota. This
pond, herein called the Seibold Slough
(2), occupies a subcircular depression,
one of hundreds of thousands of similar
depressions on the Missouri Coteau.
This depression, approximately 100 m
in diameter, is completely enclosed by
low hills a few meters high. The excava-
tion (about 52 m long by 2212 m wide),

as well as other possible excavations
within the Seibold Slough, is here des-
ignated the Seibold Site (2). The area
closely surrounding the excavation and
slough is in cultivation, but prairie exists
where the terrain is undisturbed.

Active glacial ice existed in the gen-
eral area until about 13,000 years be-
fore the present (B.P.) (3, 4). With sub-
sequent melting and thinning of the
ice, englacial debris was concentrated
on the surface, forming a blanket of
superglacial till a few tens of meters
thick. Insulation by the till allowed
stagnant masses of ice to persist for
thousands of years; some ice existed
at least as late as 9000 years B.P. Both
the till and buried ice were distributed
irregularly, and when the last ice melted
irregular hills and depressions resulted,
giving rise to a completely nonintegrated
drainage. The Seibold Slough occupies
one of these depressions.

The stratigraphic sequence exposed
at the site (autumn 1969) is about 4.3
m thick and consists of seven units. All
units, except perhaps the lowest, thicken
and dip toward the west end of the ex-
cavation. The lowest unit (unit 1) is
gray, pebbly, sandy to clayey silt. This
unit is at least 97 cm thick. We found
only rare shells of the snail Gyraulus
parvus within it. The overlying unit
(unit 2) is gray, laminated, sandy to
clayey silt. It is up to 40 cm thick and
is poorly fossiliferous, having yielded
only ostracod shells and fish fragments.

Unit 3 (“fish bed”) is green, gray,
and brown, laminated, organic mud or
“gyttja.” It has a maximum thickness
of 61 cm at the west end of the excava-
tion. Megascopic laminae are a frac-
tion of a millimeter to 3 mm thick and
are distinguishable by color and texture;
the lighter laminae are poorer in organic
material. Examination of thin sections
reveals that each megascopic lamina
consists of about 10 to 20 sets of al-
ternating organic-rich and organic-poor
laminae. Measurements of 124 sets of
these laminae give an average of 9.3
sets per millimeter of sediment. The
sediment consists of about 50 to 60 per-

" cent organic matter (most of which is

translucent and light to dark brown,
greenish-brown, or green in thin sec-
tion), 20 to 30 percent micrite (proba-
bly derived mostly from Charophyceae),
and minor amounts of terrigenous fine
sand, silt, and clay. It is highly fos-
siliferous and fish are the conspicuous
organisms.

Overlying the fish bed is unit 4,
light to medium gray, silty, calcareous

SCIENCE, VOL. 171



	Cit r81_c112: 
	Cit r80_c111: 


