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SYNOPSIS

A better understanding of the infrared spectra of anomalous water coupled
with extensive chemical analysis of water washes of glass systems and anomalous
Wwater preparations indicates that most of the material called anomalous water
consists of substances either extracted from glass or that are residues of water.
Thus no evidence has been found that anomalous water exists — at least as a form
of water,

A material, synthesized in the laboratory (and likely to be sodium methyl
carbonate) was identical to a material isolated from glass by extraction with
methanol. This material exhibits unusual chemical behavior which can help
explain some of the (anomalous) behavior of the material called anomalous water,
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INTRODUCTION AND BACKGROUND

Few scientific reports in the last decade have attracted such widespread
interest as has that of anomalous water, One result of thjs interest has been the
experimental and theoretical investigations of anomalous materials by researchers
who are expert in a wide range of technical disciplines, Yet even after these in-
vestigations, a number of basijc questions concerning anomalous water remained
either unanswered or incompletely answe red,

alone or water combined with another chemical moiety account for the anomalous
water phenomenon? " From the experimental results obtained from samples of a
few micrograms of ancmalous water, one cannot answer thjs question
unambiguously,

ments other than H and O have been present to varying degrees in the anomalous
water samples, It is important to note, however, that excluding H and O, no
combination of the elements detected to be present by chemical analysis of micro-
gram samples has been conceived which will explain all of the experimental

observations for anomalous water — cspecially the infrared spectrum,

¢
t

The purpose of this research is the produciion of anomalous material pre-.
pared from water and anomalous materials Prepared from selected organic com-
pounds in amounts sufficiently large to enable their characterization, and to
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Permit an assessment to be made of the technological utility of the anomalous
materials, ‘

It is believed that a knowledge of the impurities present and the role such
impurities play, if any, in the anomalous water phenomenon is critical for an
accurate evaluation of data obtained by chemical analysis and for the optimiza-
tion of synthesis techniques to be made., Therefore, the initial experimental
work was designed to establish qualitatively and, where possible, quantitatively,
the impurities which could be introduced during the preparation of anomalous
materials,

It has been demonstrated that freshly drawn pyrex and quartz capillaries like
those used for anomalous water pPreparations yield a water-soluble residue when
they are washed with distilled water. (1) While the exact nature of this water-
soluble residue was not characterized, it was shown that this residue from the
water-soluble fraction appeared to be different from anomalous material prepared
in the same capillaries, Also, as the number of washes of a group of capillaries
was increased, it was observed that the amount of the residue from the water
soluble fraction significantly decreased, However, after four washings, some
water-soluble components were still being extracted, (1)

Therefore, an integral part of the present research program was to determine
the nature of the water-soluble fraction'and to test if all detectable wate r-soluble
material could be removed from the capillaries™, - Experiments were conducted in
which a group of pyrex capillaries was washed until no detectable water-soluble
component was removed.

The residue from the water used for each wash was retained separately for
analysis to determine the elemental composition of each residue and to approximate
the relative rate at which each element was removed, These same '""cleaned"
capillaries were then used to prepare anomalous material and to investigate if
additional components of the pyrex were extracted.

Exactly analogous experiments were performed using propanol-1 instead of
water in the initial investigation of anomalous organics,

It has been observed by a number of reserrchers that anomalous water forms
detectably only from water vapor, (2) Also, it has been reported that in some cases
solubility can be increased by as much as 9 orders of magnitude in a thin layer of
solvent, as opposed to the bulk solvent.(3) Thus research included experiments to
test if such an abnormal solubility effect is involved in the formation of anomalous

materials, Accordingly, capillaries were washed with water vapor in a pressure
cookcr,

It has been proposed that the anomalous character of anomalous water is due
to the extraction of some unspecified component of the glass from which the capil-
laries are made,(4) Such an extract, like anomalous water, would have a density
and index of refraction greater than those of water,

*In this report, the terns capillary and tube are used interchangeably,
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ous glasses, Crushed portions of seven different glasses were extracted with
water. In addition to recording their infrared spectra, the water-soluble fraction
of each glass was analyzed by emission spectrography to determine the metallic
composition of the residues, Other experiments to determine the water soluble
portions of glassinvolved extraction of Pyrex and quartz glass wool with water,
Infrared spectra of these extracts were recorded,

Early anomalous water research at Battelle's Columbus Laboratories sug-
gested that oxygen could play a key role in the formation of anomalous water, (5)
In an attempt to test this hypothesis, the Preparation of anomalous material from
3 percent aqueous H202 instead of H20 was attempted.

During the final half of the research emphasis shifted from the preparation
of anomalous water to the study of the identity and chemistry of a compound which
could be either extracted from glass or synthesized in the laboratory [ first done
at the University of Maryland(é)] . The reason for this shift in emphasis was that
the infrared spectrum of this compound indicated that if this compound could be
identified in anomalous water, many of the questions concerning the infrared
spectra of anomalous water could be answered,
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EXPERIMENTAL

Liquid Water Cleaning of Cavillary Tubes

For the liquid water cleaning experiments, about 500 freshly pulled pyrex
capillary tubes were placed in a Pyrex baking dish and the tubes were covered with
500 ml of derniseralized water. The baking dish was then covered with Saran wrap
and allowed to stand (with occasional shaking) for seven days. On the seventh day,
the water was poured off into a round-bottomed pyrex flask. The baking dish and
tubes were dried in an oven at 100 C and then a second cleaning was started by add-
ing another 500 ml of deminecralized water to the dish, This weekly cleaning cycle
was repeated until the 500 tubes had been washed 15 times,

The flask containing a single washing was then placed on a rotary evaporator
where most of the water was removed, At the point where a few ml of water re-
mained in the flask, the evaporation was stopped and the water was transferred to
a weighed pyrex vial, The remaining water was removed by evaporation with N2
and the weight of the dry residue was obtained, A few drops of water were then
added to the vial and aliquots of the solution were removed for infrared, emission,
and electron microprobe analysis,

The washing was halted and the tubes were considered ''cleaned" when the
barely perceivable residue from the 15thwashing gave no detectable weight (less
than 0.1 mg) and no infrared spectrum could be obtained from the residue by the
techniques used for the other washings. These samples of washings are designated
LW-H,0-1% LW-H30-2, etc. The letters stand for liquid wash with water and the
numbers indicate which washing.

In addition, several standards or blanks were obtained, LW-H20-00 is the
residue obtained from the water used in these experiments. LW-H20-01 and
LW-H20-02 are the first and second system blanks, respectively, A system blank
is a duplicate of the washing experiments without the tubes being present. Thus
the sample under consideration is the residue obtainable from a water wash of the
baking dish, round-bottomed flask, and vial,

Preparation of Anomalous Materials from Water

The technique used in our laboratory for Preparation of anomalous material
has been described in detailll) and will be only briefly described here. The capil-
lary tubes are placed on pyrex Petri dishes resting on a porcelain plate in a grease-
less desiccator. A pyrex evaporating dish containing demineralized water is placed

*A complete list of sample notations is given in Appendix A,
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below the porcelain plate and the desiccator is sealed with a vacuum of about

5 millimeters of pressure of mercury, After seven days the capillaries are re-
moved from the desiccator and the anomalous material is removed from the tubes
by washing with demineralized water, This wash water is then placed in a round-
bottomed flask and the residue is ohtained by the same Procedure as used in the
liquid washing experiments,

Two types of preparation were attempted, In one the Pyrex tubes which had
been washed 15 times (and designated "cleaned") werc used for Preparation of the
anomalous material. This preparation is labeled HyO-CP-1, The same tubes were
then dried and placed in the desiccator for a second pPreparation, The sample re-
sulting from this is labeled HZO-CP-Z, (CP stands for cleaned pyrex), This
pProcess was repeated for eight preparations. In the second type of experiment,
Pyrex tubes which had not been washed or '"cleaned" were used for the preparation,
The first sample is labeled H,O0-UP-1. (UP stands for uncleaned pyrex). This
Process was repeated for seven Preparations,

Preparation of Anomalous Material from H202 Solutions

To test the role played by oxygen in the formation of anomalous material, a
Preparation was initiated using a 3 percent aqueous Hp0; solution instead of H>0.
The method of Preparation used was identical to that described abuve except the
Pyrex tubes were washed several times with water and several times with ethanol
Prior to being placed in the desiccator,

Upon removal from the desiccator the tubes were washed with quadruply dis-
tilled water, The major portion of the wash water (~80 m1 total) was removed by
evaporation under reduced pressure (~5 mm Hg). A water bath maintained at 40 C
was used to warm the round-bottom flask containing the sample. Aliquots of the

HyO,-P-1. After casting a film on an Irtran plate from an aliquot of concentration
solution for infrared analyses, the plafe and sample were heated for 60 minutes at
400 C in air. This sample is designated H,0,-P-1H,

Vapor Water Cleaning of Capillary Tubes

Experiments were carried out in which capillary tubes were cleancd with
water vapor in order to test the possibility that vapor water has a greater solvent
Power for glass than docs liquid water, In this experiment a pressure cooker was
used to generate the water vapor as steam. About 500 Pyrex tubes were heated
in the pressure cooker for periods up to eight hours. The residual water was
Poured off and the residue worked up via a rotary evaporator as in the liquid water
wash experiments., These samples were labeled VW-H,0-1, VW-H;0-2, etc. The
letters stand for vapor washing with water and the numbers indicate which washing,
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Liquid Propanol Clcaning of Capillary Tubes

Prior to the preparation of other anomalous materials (such as from propanol
instead of water), capillary tubes were repeatedly washed with liquid propanol, The
procedure and experimental arrangement was identical to that described for the
liquid water, except that 99 percent plus propanol was used for the washing instead
of demineralized water. These samples are designated LW-Pr-1, LW-Pr-2, etc.

Sample LW-Pr-00 is the residue obtained from the propanol used in the wash-
ings, LW-Pr-01 is the residue from a Propanol extraction of the Saran wrap used
to cover the baking dish,

In addition, sample LW-Pr-2 was cross-extracted with carbon tetrachloride
(CC14) and infrared spectra obtained on both the CCly solubles and the CCly
insolubles,

Liquid Water Extraction of Crushed Glasses

Experiments were designed to determine the composition of extractable
material from various glasses, About 150 grams each of seven types of glass were
crushed with a mortar and pestle and transferred rapidly into a new round-bottom
flask containing about 150 grams of quadruply distilled water. The crushing was
done on 30 to 50-g portions of glass, Each portion was transferred rapidly into the
water to optimize contact of the freshly formed glass surfaces with the water, The
glass was finely crushed, but no attempt to control particle size was made. Each
crushed glass remained in contact with water for 10 days. The samples were
periodically agitated. The water was decanted and filtered through a Gooch cruci-
ble, using a slurry of Whatman No. 1 filter paper to remove the fines, After fil-
tration, the volume of the water was reduced to ~4 ml by the method described
above for Hy0,.

These samples are designated CG-V-1, CG-Q-1, etc. CG stands for crushed
glass extraction and 1 signifies the first extraction, The middle letter indicates the
type of glass: V=Vycor, Q=quartz, P=pyrex, N=Nonex, C=cobalt, U=uranium, and
7052=7052 glass, CG-H,0-01 is a system blank. The blank was a 150-g aliquot of
the same water used for extracting crushed glass, The blank was carried through
all operations described above except that it was never exposed to a crushed glass,

Liquid Water Extraction of Glass Wool

To further study the composition of extractable material from glass, 500 1
flasks were half filled with either pyrex or quartz glass wool, The flasks were
then filled with 250 ml of demineralized water and allowed to stand (with occasional
shaking) for 10 days, The water was decanted into a flask and was evaporated by
the process used for the liquid water cleaning of capillary tybes. The original glass
wool was then used for a second water extraction, These samples are designated:
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GW-P-HZo-l and -2 and GW-Q-HZO—I and -2, In addition two standards or blanks

were obtained, These blanks duplicated the experimental conditions except no glass
wool was placed in the flasks, These samples are designated: GW-H,0-1 and -2,

Synthesis of Carbonate Derivative

As explained in the Introduction, the rescarch emphasis shifted when the
University of Maryland group(s) extracted (with methanol) a compound from pyrex
glass wool that gave an infrared spectrum that could be used te help explain the
infrared spectra of anomalous water., Later the Maryland group found that it could
synthesize this compound and the synthesis has since been repeated in our labora-
tory. In thisa saturated solution of sodium bicarbonate (NaI~ICO3) in methanol is
Prepared, After varying periods of time, the methanol is decanted from any
residual NaHCO3;. When this methanol is evaporated, the residual solid gives an
infrared spectrum which is not that of NaHCO3. The infrared spectra of this
residual solid and of the compound extracted from glass wool were identical, It

is this residual solid, apparently a pure compound, which occupied most of the

Analyses

Electron Mic roprobe

The microprobe analyses were done on a Model 400S Scamning Electiron
Microprobe manufactured by the Materials Analysis Company, The samples were
Prepared for the electron microprobe by laying films (from water or propanol) on
high purity aluminum plates, X-ray images of the element distributions are shown
in various figures throughoul this report, The purierical value of the rolative ins
lensity counts for all slements and famiples pludied are given in Apgiendix b Thirs g
relative count values cover the range alse veel uoder the aron o the electrion bisam
Two points of caullon In the intorprotation of resulls mugl be mentioned hore, Al
samples showed varying amounts of browning or darkening unden the elect ron lear,
This coupled with the high vacuuwm used in the clectron micruproabe sujipusis that (he
electron microprobe sample might not be rquivalent in compasitlon (o the sampliy
us@d for olher techniques of analynis, Secondly, the ares hown in the photog raphs
in the flgures Fepresnnls only a small porijon of Vhar Letal sample, As will be scen
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later, all elements are not distributed evenly throughout the sample, and thus the
electron microprobe analysis might not be representative of the entire sample,

Emission Spectrography

The emission analysis was performed on an ARL 1.5 meter; 25,000 line/inch

grating instrument. The spectra were recorded on photographic film in the region
2200A to 9400A.

Partial results of the emission analyses are listed in several tables through-
cut this report. The total emission results are listed in Appendix C, All values
are expressed in micrograms with an accuracy of £50 percent, The weights of
the samples used for emission analysis are not known; therefore some measure of
sample amount is needed in order to be able to compare samples realistically, The
next to last column of Appendix C gives the total weight of the elements detected.
Values reported as <0.1, <1,0, <50.0, etc. are included in the total as O, 1, 1,0,
50.0, respectively. For some samples, a camera was used which did not give pre-
cise values for K (only reported as <50, 0). For the same samples, no values are
reported for Co, Sb, and As, Thus the last column of Appendix B gives the total
weight of the elements detected minus the weight of K. Using the weights reported
in this last column does not guarantee direct comparison of samples, but does give
a better means of evaluating large scale changes in elemental composition; espe-
cially for samples containing equivalent amounts of K.

Other Analyses

Conventional wet chemical C, H, and N analyses were done whenever the
samples werc large enough, These results are listed in Table 3. The weights of

the residues obtained from the various washings and preparations are listed in
Table 1,

Mass spectral data were obtained using both a Finnigan 1015 quadruple mass
spectrometer and a high resolution instrument (MS-9) manufactured by Associated
Electrical Instruments (AEI), The thermal gravimetric analyses were done on a
Cahn-RG recording microbalance,
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RESULTS

Liquid Water Clcaning of Capillary Tubes and
Preparation of Anomalous Materials from Water

Infrared Spectra

The infrared spectra of the samples obtained from the liquid water cleaning
of capillary tubes are shown in Figures 1 and 2. The infrared spectra of some of
the first preparations of anomalous materials from water utilizing these cleaned
tubes are also shown in Figure 2.

All of these samples show some infrared absorption in the conventional OH
stretching region from 3350 to 3500 ecm=~1, This appears to be typical of an anoma-
lous water prepared in pyrex tubes. This, however, is a very, very small amount
of OH absorption when compared to the OH band of water,

going from LW-H,0-1 through th LW-HZO-IS the amount of CH material appears to
be decreasing, but then it increases again, especially in H,O0-CP-2. In sample
H20-CP-2Z there is a weak 1730 cm~-1 absorption in addition to the CH absorption.

A CCly extraction of H,0-CP-2 gave a residue whose spectrum showed only 2850-
3000 cm-! absorption and 1730 cm-1 absorption of about the correct relative inten-
sity to account for all the absorptions at these frequencies which are seen in the
spectrum of HyO-CP-2. Thus the organics can be removed without affecting the rest
of the spectrum of anomalous water samples,.

Most of the spectra of the liquid water washings show two absorption bands in
the 1600 cm-1 region. One is at 1640 cm-1 ang the other is at 1680 cm-1l with the
1680 cm-1 band being, generally, the stronger absorption. It is interesting to note
(although difficult to see jn the figures) that the spectra of the anomalous water
Preparations also show two bands in this region. One is at 1680 cm~1) byt the
other is shifted to 1620 cm=-l, In addition the 1620 cm=-1 hand isg alwasy the stronger
absorption in the spectra of the preparations. This observation strongly suggests
that a different chemical species is present in the Preparations than in the washings,
All washings (LW-HZO-I through LW-H20-14) and the system blank (LW-HZO-OZ,
Figure 3) show the absorption at 1640 ¢cm-1. Al Preparations including H,0-UP-1
(Figure 3) have this absorption at 1620 cm-1,  Thig shift is quite consistent and is
believed to be significant,

In the 1400 cm~1 region, the infrared spectra of the liquid washings give very
broad absorption which shows two pcaks; one at 13 50-1360 cm~1 and one ncar
1410 cm=1, The peak near 1350 cm-1 g generally the stronger absorption although
occasionally the peaks are nearly equal in intensity, On the other hand, the spectra
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of the anomalous water Preparations show a strong 1410 cm -1 absorption with, at
best, a weak 1350 c¢m-1 absorption (the width of the 1410 cm~-1 band makes it diffi-
cult to determine if a 1350 cm=1 absorption is present). This shift between wash-
ings and preparations is best seen in Figure 3. The system blank or washing
(LW-H,0-02) clearly shows strong absorption at 1350 cm-1 while the preparations
(H20-CP-1, H,O-UP-1, and H20-CP-2) show strong 1410 cm-1 absorption. Thus
the 1400 cm-~-1 spectral region also clearly shows differences between the liquid
water washings and the pPreparations.

Spectral differences are also seen in the 1100 cm™! region. However, these
are not differences between washings and preparations. For purposes of discus-
sion consider two areas of infrared absorption in this spectral region; one from
1040 to 1090 cm~! 3ng from 1120 to 1140 cm-!, In Figure 1 it can be seen that
LW-H,0-1 and LW-H,0-2 show stronger absorption in the 1040 to 1090 ecm~-1 range
while LW-H»0-12 and LW-H20-13 show a stronger band at 1120 -1140 cm-1 Thig
would seem to indicate that continual washing was removing the species giving rise
to the 1040-90 cm~-! absorption more than the species giving rise to the 1120-40
cm-1 component. However in LW-HZO-14 (Figure 2) these bands are nearly of
equal intensity again. From Figurz 3 it can be seen that the preparations in
cleaned tubes (H,O-CP-1 and Hy0-CP-2) give a stronger 1120-40 cm~-1 peak,.
However, while H;0-UP-1 gives a stronger 1120-1140 cm~-1 absorption there is
definitely some 1040-90 cm-1 absorption also. The system blank or washing
LW-H20-02 gives mainly 1040-1090 cm-1 absorption.

spectra in Figures 1 to 3. However there are certain exceptions; the major one
being the spectrum of H;0-CP-3 (Top Figure 4). This spectrum shows a high con-
centration of a nitrate and the frequencies are close to those of sodium nitrate.

The reasons for the anomaly are not known, but it has been observed before(6)
This behavior is especially pecnliar since the spectra of H,0-C>-2 (Figure 3D)
and HO-CP-4 (Figure 4, second from top) are typical of normal anomalous water
preparations,

The only other major deviation is seen in the spectrum of H,0-UP-5 (Fig-
ure 5, second from top) where there is considerable absorption in the 1350-1360
cm-1 region. This behavior is more typical of washings than of pPreparations.

Figures 1 and 2. More than adequate residue was obtained to record the spectra of
LW-HZO-I and LW-HZO-Z (Figures 1A and -B). There was a significant decrease
in the amount of residue available to obtain spectra of LW-HZO-IZ and LW-H,0-13
(Figures 1C and -D). The sample LW-H70-14 was very small; the resulting spec-
trum (Figure 2A) showed only weak bands. The residue LW-H,0-15 was barely

perceivable and no spectrum (Figure 2B) could be obtained. The total weights of

these residues and Preparations are given in Table 1, and the weights give clearer
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FIGURE 4. INFRARED SPECTRA OF H0-CP-3 (TOP), H,0-CP-4
(SECOND FROM TOP), H,0-CP-7 (SECOND FROM
BOTTOM), AND H,0-CP-8 (BOTTOM)
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FIGURE 5. INFRARED SPECTRA OF H0-UP-3 (TOP), H>;0-UP-5 (SECOND
FROM TOP), HpO-UP-6 (SECOND FROM BOTTOM), AND
H,0-UP-7 (BOTTOM)
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TABLE 1. WEIGIITS OF RESIDUES FROM LIQUID WATER
CLEANINGS AND ANOMALOUS MATERIAL

PREPARATIONS
Weight,
Sample (mg)
LW-H70-02 (blank) 0.4
LW-H>0-1 3.6
LW-H;0-2 1.5
LW-H>0-10 0.5
LW-H,;0-14 0.3
LW-H,0-15 no measurable
weight, <0.1
HyO-CP-1 0.4
H70-CP-2 0.3
H0-CP-3 0.3
H20-CP-4 1.3
H20O-CP-5 0.6
H,0-CP-6 1.0
H20-CP-7 1.3
H,O0-CP-8 0.5
H,0-UP-1 1.4
H20-UP-2 1.3
H0-UP-3 1.3
H0-UP-4 0.8
H70-UP-5 1.2
H,0-UP-6 0.5
H,0-UP-7 1.2
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After the 15th wash, the tubes were judged to be "cleaned' and an anomalous
material preparation using these tubes was started. Even though these were
""cleaned" tubes, material was observed in the tubes after they were used for a
preparation. When the material was removed from the tubes and the normal water
evaporated, the weight of material from this first Preparation was determined to
be 0.4 mg. While this is greater than the non-measurable (<0.1 mg) weight of the
15th washing, it is not as much as had been produced in past preparations at
Battelle, and is in the range of washings LW-H0-10 to LW-H,O0-14. This obser-
vation alone may indicate that a new material is formed in the tubes during the
preparation process or it may only indicate that the vapor-like washing that goes
on during the preparation can leach additional materials from the glass even after
the glass tubes had been cleaned by the liquid washings. The variation in weights
and the fact that material is continually produced (HO0-CP-2 to H20-CP-8) lends
weight to the vapor-like washing leaching additional material from the glass tubes.

The preparation in the uncleaned tubes should give a weight in the range of
the 3.6 mg obtained for the first washing (LW-H20-1) if a vapor-like washing is as
effective as a liquid washing. Since it did not, the formation of a material in the
tubes during the preparation could be supported. However, again, varying weights
of material are found in all these preparations (H20-UP-2 to H20-UP-7),

The spectra of virtually all the preparations are qualitatively similar. Thus,
the differences in the weights of these preparations may only reflect amounts of
available sample and not changes in composition. This will be dis cussed further
in following sections.

The spectra of the washings in Figures 1 and 2 all show the 1600 em-! band
to be weaker than the 1400 cm~! band. The spectrum of the first preparation in
these cleaned tubes (H,O-CP-1) shows an intensity reversal, i.e., the 1600 cm-1
band is stronger than the 1400 cm=-! band. In the past(l) we have used the latter
intensity relationship as one indication of the formation of a new material during
the preparation process. At the present time it would appear that the relationship
based on the stronger 1600 cm-! versus 1400 cm-~1 band must be qualified since in
Figure 3, it is clearly seen that the spectra of both HO-CP-2 and H20-UP-1 show
the 1600 cm™! band to be weaker than the 1400 cm=~1 band (as in the HyO washing
samples). Tis reversal of intensity of the 1600 and 1400 cm~1 bands is also seen
in some of the spectra of Figures 4 and 5.

Emission Analysis

Emission spectrographic analyses have been obtained on all the liquid wash-
ing samples and on the first few preparations of anomalous materials from water,
Complete emission results on all samples are given in Appendix C. Partial emis-
sion results for the washings and preparations are given in Table 2. The elements
listed in Table 2 are those which show weight changes on going from sample to
sample. With this criterion elements such as Ba, Mn, Fe, Sn, Ni, Cu, Ti, and
Cr are not included in Table 2. Note that the numbers represent the total weight
in micrograms of each of the elements observed. Since all of the elements present
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in the sample (such as C, O, S, Cl) are not observed and since the total weight of
the sample is not known, comparisons between samples must he made with some
caution.

The water (LW-H20-00) used in the washings is comparatively clean, i.e.,
comparatively free of the elements listed in Table 2. Comparing the analysis of
the water (LW-H>0-00) to the analysis of the system blanks or washings
(LW-H,0-01 and LW-H0-02) shows that additional elements are being extracted
from the system (the baking dish, flask, and vial). Principal among these appear
to be B, Si, Mg, and Ca. The differences between the two system blanks
(LW-H20-01 and LW-H,0-02), can reasonably be used to indicate the limits of
accuracy between any two samples. The analysis of the first tube washing
(LW-H20-1) shows a large increase in some elements when compared to the anal-
yses of the system blanks. This observation shows that comparatively large
amounts of B, Si, Ca, and especially Na are being extracted from the pyrex cap-
illary tubes. In fact, comparison of the analyses of LW-H,0-01 and LW-H,0-14
indicates that except for Na the quantity of elements present in LW-H70-14, the
last listed tube washing, is similar to that of the system blank. However it must
be mentioned here that in LW-HpO-14 some of the material present must still be
coming from the tubes since at this point the system has also gone through 14 wash-
ings. Therefore the 14th system blank should, in theory, yield less material
than LW-H,0-01.

Some of the numerical values from the emission analyses of the residues
from tube washing are not yet understood; for example the exceptionally high Na
and K values in LW-Hp0-2, or the low values for all elements in LW-H70-12 and
LW-H20-13. Part, but not all, of the low values can be explained by a much
smaller total sample for LW-H20-12 and LW-H,0-13,

The first preparation using the cleaned tubes (H,O-CP-1) gives emission
analysis values that, except for Na, are below the values for the last listed tube
washing (LW-H,0-14). In fact the emission values for the first preparation are
within the range (again except for Na) of the elements of the two system blanks
(LW-H20-01 and LW-H30-02) and are distinctly lower than the emission values
found for the first preparation in uncleaned tubes (HO-UP-1). As would be ex-
pected the values found for Hy0-UP-1 are most similar to those found for the first
tube washing (LW-H,0-1).

The second and third preparations in cleaned tubes give values for the ele-
ments which are distinctly higher than those of the first preparation. On the other
hand the second preparation in uncleaned tubes gives elemental values that are be-
low the first preparation in uncleaned tubes and in the range of some of the prepara-
tion in cleaned tubes. In addition all Preparations are qualitatively similar in
elemental composition whether from cleaned or uncleaned tubes. Since the tube
washings demonstrate that material can be extracted from the tubes, the results
for all preparations would tend to indicate further extraction rather than formation
of a new substance.
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Electron Microprobe Analysis

In addition to the metals detected by emission spectroscopy, electron micro-
probe microanalysis is also capable of detecting many nonmetals. Electron micro-
probe analyses have been obtained on all the liquid washing samples and on some
of the preparations of anomalous materials from water. The complete electron
microprobe results are listed in Appendix B. These results are given in numerical
values which represent the density counts per second for each element studied. In
most cases a range is given for the extremes observed over the area covered by
the electron beam. Use of these numerical values can often provide a better basis
for comparison of the overall composition of samples than X-ray images.

However, the X-ray images often provide information on the distribution of
elements within a specific sample area. Such X-ray images are shown for two
samples in Figures 6 through 11. X-ray images are shown for only two samples
since these two are fairly representative of the remainder of the samples.

Figures 6 to 8 are X-ray images of the first system blank, sample
LW-H20-01. X-ray images of the first preparation from cleaned tubes, sample
Hp0-CP-1, are shown in Figures 9 to 11. It was previously stated that based on
emission analysis results LW-H0-01 and HO0-CP-1 had similar elemental com-
positions except for the Na content. The X-ray images and Appendix B support
most of the emission results. The B X-ray images in Figures 6 and 9 indicate a
may higher boron or B content in LW-H,0-01 than in HyO-CP-1; consistent
with the emission results in Table 2. The X-ray images in Figures 6 to 11 also
show roughly equal amounts of C, K, Ca, S, and Mg for the two samples which
agrees with the count per second values in Appendix B and with the emission values
for K, Ca and Mg in Table 2. The X-ray images (and the numerical values from
Appendix B) indicate a higher concentration of both Si and O in the system blank
(LW-H20-01) than in the residue from the clean tube preparation (H,O-CP-1); con-
sistent with the emission values for Si. There are no emission values for O.

For Cl, the X-ray images indicate approximately equal quantities in the two
samples except that HpO-CP-1 shows a very heavy concentration of Cl in certain
spots, some of which are observed as a cross pattern. However for Na, the elec-
tron microprobe results do not agree with the emission results. Both the X-ray
images and the numerical values in Appendix B indicate a higher concentration of
Na in LW-H0-01 than in H,0-CP-1, yet the emission results in Table 2 indicate
much more Na in HpO-CP-1 than in LW-H30-01. This discrepancy may result
(as noted in the Experimental section) from the fact that the electron microprobe
beam covers only part of the sample. Thus if Na is not evenly distributed in one
of the samples, it would be possible for the electron microprobe and emission
analyses to differ since the emission analysis is a function of the total sample.

In fact, it is somewhat surprising that there are not more such differences.

Uneven distribution of elements has been noted in several samples and these
can be discerned from the numerical values in Appendix B. Most notable of these
is LW-H,0-2. In this sample large crystals resembling pentagons are observed
around the edge of the sample. These large crystals have not been detected in any
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FIGURE 6. ELECTRON MICROPROBE ANALYSES OF LW-H,0-01 SHOWING THE BACK SCA TTERED
ELECTRON IMAGE OF THE SAMPLE AND THE X-RAY DISTRIBUTION
IMAGE FOR B, Na, AND C
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FIGURE 7. ELECTRON MICROPROBE ANALYSES OF LW-HoO-01 SHOWING THE X-RAY
DISTRIBUTION IMAGES FOR Mg AND Oy, THE BACK SCATTERED ELEC TRON
IMAGE OF THE SAMPLE, AND THE X-RAY DISTRli ' .ON IMAGE FOR K
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FIGURE 8. ELECTRON MICROPROBE ANALYSES OF LW-Ho0-01 SHOWING THE X-RAY
DISTRIBUTION IMAGES FOR Ca, Cl, S, AND Si
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FIGURE 9, ELECTRON MICROPROBE ANALYSES OF HoO-CP-1 SHOWING THE BACK
SCATTERED ELECTRON IMAGE OF THE SAMPLE AND THE X-RAY
DISTRIBUTION IMAGES FOR B, Na, AND C
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FIGURE 10. ELECTRON MICROPROBE ANALYSIS OF HyO-CP-1 SHOWING THE X-RAY
DISTRIBUTION IMAGES FOR Mg AND O, THE BACK SCA TTERED
ELECTRON IMAGE OF THE SAMPLE, AND THE X-RAY DIS TRIBUTION
IMAGE FOR K
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FIGURE 11. ELECTRON MICROPROBE ANALYSES OF HoO-CP-1 SHOWING THE X-RAY
DISTRIBUTION IMAGES FOR Ca, Cl, S, AND Si
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other sample. The crystals contain a very heavy concentration of K and some Cl,
but not nearly enough C1 to satisfy stoichiometry with the K. All the other ele-
ments reported were detected in the area away from the large crystals.

As can be seen in Appendix B, Cl was found to be concentrated in spots for
most of the samples rather than being evenly distributed. Most of the time (as in
the X-ray images of H)O-CP-1) no cationic element was detected which showed a
pattern of spots similar to that found for Cl. Occasionally, however, some of the
Si distribution patterns were similar to that of C1.

Silicon, like Cl, many times was found to be unevenly distributed, i.e.,
heavily concentrated, at the edge of the sample. K and Ca were found in heavier
concentrations at the edges for the beginning tube washings (LW-H20-1,2, and 12),
but were more uniformly distributed for the other samples,

For any given element, the electron microprobe analyses can be used to
detect changes in concentration of that specific element among the various
samples. However the greatest benefit of the electron microprobe work to this
point in the research came from the detection of elements that cannot be studied by
emission spectroscopy, i.e., C, O, Cl, and S. Quantitative values of the con-
centration of these elements cannot be obtained. However it is important to note
that these elements were detected in all of the system blanks, all of the liquid
washings, and all of the preparations from cleaned or uncleaned tubes alike. The
only possible exceptions are those of LW-H,0-2 and LW-H;0-14 where the S con-
tent appears to be near trace quantities.

It is especially important (for purposes of interpreting the infrared spectra)
to note that C was detected in every sample. Based on a count of about 2475 (per
second) for carbon in a graphite standard, it can be estimated that the carbon
weight percentage in these samples of residues is in the 5 to 15% range. The total
quantity of elements may be decreased with washing, but all element- originally
detected in the blanks and first wash (LW—HZO-I) are present at all stages to vary-
ing degrees. Thus no element originally detected was completely removed by
washing — even for tubes which had been cleaned 15 times.

C, H, N Analysis

Wet chemical or combustion C, H, N analyses were obtained whenever the
sample was large enough. These values are listed in Table 3. Such analyses were
obtained for three samples of which only one (LW—HZO—I) is in the group of samples
being presently discussed. Even for these samples, the amount of material was
small enough that it is difficult to state accuracy limits for these analyses. How-
ever for LW—HZO-I, the carbon percentage is at the extreme upper limit deduced
from the electron microprobe analyses.

It is interesting here to note that N was detected in sample LW-I1,0-1. The
C, H, N analyses for the other samples will be discussed in later sections.
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TABLE 3. C-H-N ANALYTICAL RESULTS OF RESIDUES

Sample %C %H %N
LW-H20-1 16. 2 2.2 2.5
H,0,-P-1 12,1 2.5 4.2

LW-Pr-1 38.9 5.6 2.0

Preparation of Anomalous Materiz.l From H203 Solutions

Infrared Spectra_

A preparation of anomalous material using 3 percent aqueous H,0, was com-
pleted. The purpose of this Preparation was to lea.sn more about the role oxygen
might play in the formation of anomalous material. Some surprising results were
obtaincd. First, the yield from the 3 percent H202 preparation was about 5 mg,

a fairly large yield. In addition, the infrared spectra (shown in Figure 12) of the
residue from the 3 percent H,0, preparation are similar, yet have distinct dif-
ferences, when compared to the spectra of anomalous material prepared from

100 percent water. The film prepared for the infrared analyses was distinctly
stick to the touch, differing from most preparations from 100 percent water. The
top spectrum (A) of Figure 12 shows the residue obtained from the 3 percent H,0,
preparation. Spectrum (b) is that of a much thicker run of the first spectrum.
That such intense spectra are easily recorded is an indication of the large quantity
of material available. In addition, the absorption bands are sharper and at more
distinct frequencies than in any previous spectrum of anomalous material,

Instead of the usual broad OH stretching vibration (seen in preparations from
pyrex tubes), the spectrum of this material shows three OH peaks near 3460, 3380,
and 3230 cm~!, This observation indicates that three types of OH groups are
Present in the sample. The two bands in the 1600 cm-l region are very strong and
at 1680 and 1640 cm~1; not 1620 cm-1 a5 in the preparations from pure water. In
the 1400 cm~! region a band can be seen at 1470 cm™~1 with shoulder near 1390 or
1400 cm~1. The 1470 cm-1 frequency is high compared to 1410 c¢cm"™ ] in the prep-
arations from pure water. A band is observed at 1175 cm~1 with some additional
absorption on the low frequency side near 1090 cm=~!. In addition, a weak band at
787 cm-! is observed in the spectrum of the thicker sample.

Spectrum (C) of Figure 12 shows the results of heating (b) of Figure 10 at
400 C for five minutes. The three OH peaks in the 3400 cm~1 region have dis-
appeared and a more normal broad OH band is observed. The intensity - ' the bands
in the 1600 and 1400 cm~-! region are diminished compared to the 1100 ! band.
The 1680 cm~! has disappeared and the 1640 cm~! band has shifted to ] em-1,
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The 1470 cm~! peak shows a large shift to 1425 cm~! and a peak at 1325 cm~! can
now be clearly seen, The appearance of a band near 1425 cm=! could signify car-
bonate formation, but no confirming band near 880 cm=-! can be detected as is the
usual case. The 1100 cm™! absorption of (C) appears unchanged.

After heating (C) of Figure 12 at 400 C for an additional 60 minutes, spectrum
(D) is obtained (HpO0,-P-1H). Upon heating, the sample begins to brown and after
60 minutes at 400 C, it appears to be a black powder. The 1640 cm™! absorpticn of
spcctrum (B) now appears at 1615 cm=l. The bard in the 1400 cm-! range has
broadened, reversed the original direction of its shift and now appears near
1450 cm™!. The band at 1325 cm™! can no longer be seen. The 1145 cm™~! band
has decreased in intensity, but is still very strong. The 787 cm~! band is missing
from the spectrum of (D), but a new band appears at 1000 cm-!. The frequency
shifts due to heating this ample are summarized in Table 4. From these fre-
quencies it can be seen that even though the frequencies of the unheated sample
(HO0,-P-1) are somewhat different than those of preparations from pure water the
frequencies of the heated sample (H20,-P-1H) are quite similar to those of pre-
parations from water. In fact, the spectrum of H;0,-P-1H would compare quite
well to spectra of samples such as HyO,-CP-1 anil H70-UP-1, except for the in-
tensity of the 1145 cm™! band.

Emission Analysis

As an aid to interpreting the infrared spectral changes due to heating H;0,-P-1,
emission analyses of H;0,-P-1 and H;0,-P-1H were obtained. Partial results of
these analyses are given in Table 5 together with the emission values obtained for
preparations from pure water (H20-CP-1 and H20-UP-1) for comparison. Complete
emission results are given in Appendix C. Considering the drastic spectral changes
between Hy0,-P-1 and H,0,- P-1H, the differences in elemental composition are
surprisingly small. Some Na and K are lost by heating the sample, but this is off-
set by a gain in Ca upon heating. (It is at present difficult to understand how Ca in-
creases by heating a sample.) Comparing the H7O0, preparations (HyO2-P-1) to the
preparations from pure water shows that the H30, residue contains much less Na
than the Hp0 residues. For other elements the H202 residue is closer to HO-CP-1
(except for Mg and possibly B) than to H0-UP-1. This is somewhat understandable
since the pyrex tubes used for the H30, preparation were washed several times with
water and several times with ethanol before the preparation was started. Thus the
H20; tubes are probably nearer the condition of the cleaned tubes used for HO-CP-1
rather than the uncleaned tubes used for HyO-UP-1,

Electron Microprobe Analysis

The electron microprobe results for H30,-P-1 and H,0,-P-1H tend to support
the emission spectrographic results for these two samples and give information about
changes in concentrating of elements not analyzed by emission spectrography. Nu-
merical values of the electron microprobe analyses are given in Appendix B.

Figures 13, 14, and 15 are X-ray images of an edge of H)O2-P-1. The sample
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TABLE 4. FREQUENCY SHIFTS (cm'l) DUE TO HEATING H20,-P-1

H;0,-P-1 H202-P-1 H202-P-1H
(5 min., 400 C) (60 min., 400 C)

3460

——

3230—

1680

1640 1625 1615
1470 1425 — 1450
1400 (Sh)

1325 (Sh) 1325

1145 1145 1145
1090 (Sh)

1000

787 787
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FIGURE 13, ELECTRON MICROPROBE ANALYSES OF HgOo-P-1 SHOWING THE BACK
SCATTERED ELECTRON IMAGE OF THE SAMPLE AND THE X-RAY
DISTRIBUTION IMAGES FOR B, Na, AND C
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FIGURE 14, ELECTRON MICROPROBE ANALYSIS OF HpOp-P-1 SHOWING THE X-RAY DISTRIBUTION
IMAGES FOR Mg AND O, THE BACK SCATTERED ELECTRON IMAGE OF THE SAMPLE,
AND THE X-RAY DISTRIBUTION 1MAGE FOR K
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FIGURE 15. ELECTRON MICROPROBE ANALYSIS OF HoOg-P-1 SHOWING THE
X-RAY DISTRIBUTION IMAGES FOR Ca, C1, S AND Si
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TABLE 5. PARTIAL EMISSION SPECTROGRAPHIC ANALYSES FOR
ANOMALOUS MATERIAL PREPARATIONS

Elements (ug)

Sample B Si Fe Mg Al Na Ca K
H;0,-P-1 2.0 3.0 0.1 5.0 0.1 5.0 1.0 5.0
H,0,-P-11 1.0 3.0 0.1 5.0 0.5 2,0 8.0 1.0
H20-CP-1 0.3 2.0 0.1 1.0 0.2 20.0 2.0 <50.0
H,0-UP-1 5.0 10.0 0.5 5.0 1.0 30.0 5.0 <50.0

H70,-P-1H was prepared for the electron microprobe study by scraping the black
powder off the Irtran plate used for the infrared study onto an Al disc. In anticipa-
tion of fixing the black powder to the Al plate, a drop of water was placed on the
black powder. The area of the drop of water was many times larger than the area
of the black powder. After the water had evaporated, the black powder was ob-
served in approximately its original position. However, a heavy white film covered
the area where the drop of water had been. The film was many orders of magnitude
more residue than could be obtained from just a drop of water. Therefore part of
the original black powder is believed to have dissolved in the water and thus spread
out over the area of the drop. Figures 16, 17, and 18 are X-ray images of the
black portion of this sample (HyO-P-1H). Some of the white portion could be under
the black powder particles. Figures 19, 20, and 21 are the X-ray images of the
white portion of the sample. There does not appear to be any of the black material
mixed in with the white material. Appendix B and Figures 13 to 21 suggest that the
carbon concentration, if anything, increases upon heating from the 12.1 percent for
H707-P-1 indicated by Table 3. The carbon is much more heavily concentrated in
the black powder particles than in the white portion of the heated sample. This in-
crease upon heating is also true of O and Cl, with O morec heavily concentrated in
the white portion and Cl fairly evenly distributed. The microprobe results confirm
the Ca increase on heating H202-P-1. In summary, C, O, Cl and Ca all apparently
increase upon heating. Since it is impossible to see how these elements could form
during the heating process, it must mean that the concentration of the other elements
decreased and C, O, Cl, and Ca became a bigger percentage of the total sample.
The microprobe results indicate that S concentration remains about constant, but is
heavier in the white portion of the sample than the black. The Si content is not af-
fected by heating (as emission indicates), the white portion of the heated sample has
almost no Si.
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FIGURE 16. ELECTRON MICROPROBE ANALYSIS OF THE BLACK PORTION OF H209-P-11! SHOWING

THE BACK SCA TTERED IMAGE OF THE SAMPLE AND TIIE X-RAY DISTRIBUTION
IMAGES FOR B, Na, AND C
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FIGURE 7. ELECTRON MICROPROBE ANALYSIS OF TIiE BLACK PORTION OF 1I90g-P-1H SHOWING THE X-RAY
DISTRIBUTION IMAGES FOR Mg AND O, THE BACK SCATTERED ELECTRON INMAGE OF THE
SAMPLE, AND THE X-RAY DISTRIBUTION IMAGE FOR K
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FIGURE 18. ELECTRON MICROPROBE ANALYSIS OF THE BLACK PORTION
THE X-RAY IMAGES FOR Ca, C1, S AND Si

OF }1202-P-1H SHOWING
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FIGURE 19. ELFCTRON MICROPROBE ANALYSIS OF THE WHITE PORTION OF Ii9Og -P-11F SHOWING THF
BACK SCATTERED ELECTRON INMAGE OF THF SAMPLE AND THE X-RAY DISTRIBUTION
IMAGES FOR L, Na, AND C
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FIGURE 20. ELECTRON MICROPROBE ANALYSES OF TI1W Wil TE PORTION OF HgOqo-P-111 SHOWING T1i1
X-RAY DISTRIBUTION IMAGES FOR Mg AND O, THE BACK SCA TTERED ELECTRON IMAGE
OF THE SAMPLE, AND TIHE X-RAY DISTRIBUTION IMAGE FOR K
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FIGURE 21. ELECTRON MICROPROBE ANALYSES OF THT WHITE PORTION OF 11905-P-1 SHOWING THY
X-RAY DISTRIBUTION IMAGES FOR Ca, C1, S, AND §i
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Vapor Water Cleaning of Capillary Tubes

Since the preparation of anomalous materials is essentially a vapor process,
it was deemed advisable to repeat the liquid cleaning procedure, but using vapor
water instead of liquid water. This was done by producing the vapor (as steam) in
a typical pressure cooker.

The results were discouraging and somewhat unproductive. The reasons for
this statement can be seen in Figure 22, which shows the spectra obtained from th
three vapor washings of capillary tubes. The top (a) spectrum (VW-H,0-3) is
totally that of an organic mclecule which is unlikely to come from the pyrex tubes.
Water extraction of the rubber gasket of the pressure cooker yielded a residue
which gave a spectrum identical to (A). Spectrum (B) indicates the presence of
more inorganic material than (A), but still shows the presence of the gasket extract.
The bottom {C) spectrum (VW-H,0-5) is much like that of liquid water extracts of
glass tubes and snows no organic gasket extract. However, even after a lengthy
water extraction of the gasket, residues were sometimes obtained which gave
spectra like (C): but sometimes (and randomly) the residues give spectra like
either (A) or (B). Because of this gasket contamination and because repeated prep-
arations in both cleaned and uncleaned tubes (which in a sense is a vapor cleaning
were carried out, the pressure cooker cleaning experiments were discontinued.

Liquid Propanol-1 Cleaning of Capillary Tubes

Infrared Spectra

Some of the same type problems encountered in the vapor cleaning experi-
ments gave problems in the propanol-1 washing experiments. The detection of
these problems can be seen in Figure 23. The top spectrum (A) is of the residue
from the first tube washing with propanol-1 (LW-Pr-1). While other materials
are also present, the major component is an organic phthalate.

At first it was suspected that the phthalate might originate from the
propanol-1 used for the washing. Thus the residue was obtained from evaporation
of an amount of propanol-1 equal to that used for the washings. The spectrum of
thie material (LW-Pr-00) is shown in the middle spectrum (B) of Figure 23. While
a surprisingly large residue from 99+ percent pure propanol-1 is indicated, only a
small portion of this material is a phthalate. , The spectrum of this propanol-1
residue does confirm where some of the other materials in spectrum (A) originate.
However, another source of phthalate contamination is indicated. The only re-
maining possibility is the Saran wrap used to cover the baking dish which holds the
propanol and the glass tubes. Accordingly we extracted some Saran wrap with
propanol-1 and, after evaporation of the propanol-1, obtained the bottom (C)
spectrum in Figure 23, This is clearly the spectrum of a phthalate and establishes
the source of the additional phthalate contamination.
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Emission Analysis

While the propanol-1 washing samples, LW-Pr-1 and LW-Pr-2 are heavily
contaminated with an organic phthalate that does not come from the washed tubes,
one can still obtain much valuable information from these experiments. Partial
emission values for the first two propanol-1 washes are listed in Table 6 together
with those for the first two water washes.

It was anticipated that propanol-1 would be a better solvent for elements in

such as carbon. However, it is obvious from Table 6 that propanol-1 is as good a
solvent for inorganic ions as is water at the concentrations under consideration;
maybe an even better solvent. Based on the analyses in Table 6, propanol-1
certainly seems to be a better solvent for Si, Fe, Mg, Sn, Al, and Cr, while water
is a better solvent for Na, ©., and maybe K. The second propanol-1 wash,
LW-Pr-2, extracted much i sre material from the tubes than did the first wash,
LW-Pr-1. This is especially true for B, Si, Fe, and Al. The reasons for higher
solubility in the second wash are not understood. Note, however, that the second
water wash extracted much more Na and K than did the first water wash.,

Electron Microprobe Analysis

The elzctron microprobe results listed in Appendix B for LW-Pr-1 and
LW-Pr-2 do not appear to be as useful as for other samples because of the phtha-
late impurity. However the results do confirm that water is a better solvent for
Kand S in pyrex than is propanol-1, but propanol-1 is as good or better solvent
for Cl than is water.

Solvent Extractions

The observation that propanol-1 can extract inorganic ions from glass can
be verified by the infrared spectra of cross-extracted portions of propanol-1 wash
residues. These spectra are shown in Figure 24. The top spectrum (A) is that of
the second propanol-1 residue, LW-Pr-2. Most of the spectrum is due to the
phthalate contaminant. Spectrum B is that of the CCly soluble portion of LW-Pr-2
and appears to be almost pure phthalate. The bottom spectrum {C) is that of the
CCly insoluble portion of LW-Pr-2 which closely resembles the spectra of the
H20 washes of glass tubes. Thus it appears that rather clean separations of the
organic and inorganic portions of these residues can be made. For the same rea-
sons the organics could be separated from water washing.
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Liquid Water Extractions of Crushed Glasses

Infrared Spectra

The infrared spectra of the residuc of the water extraction of the seven
types of crushed glass are placed in three groups as scen in Figures 25, 206,
and 27. Figure 25 shows the spectra obtained from the water soluble residue of
Nonex glass (A), 7052 glass (B), and cobalt glass (C). The spectra of this group
of samples are characterized by a strong band in the 1350-1450 cm=-! range and a
strong band in the 1070 to 1180 cm™! region. For CG-N-1 and CG-C-1, the lower
frequency band is the stronger while for CG-7052-1, the high frequency band near
1400 cm-1 js the stronger. In Figure 26, the spectra of water soluble residue
from uranium glass (A), Vycor glass (B), and quartz glass (C) are characterized
by a very weak band in the 1400 cm~-! region and a stronger band near 1075 ¢cm- !
The intensities of the bands in this group of samples are much weaker than the in-
tensities of the bands in the spectra shown in Figure 26. This intensity difference
between the two groups of spectra (Figure 25 versus Figure 26) reflects the dif-
ference in the amount of residue obtained by water extraction. Much more mater-
ial was extracted for CG-N-1, CG-7052-1, and CG-C-1 than for CG-U-1, CG-V-1,
and CG-Q-1,

The spectrum of the water extract of pyrex glass is shown in the top specc-
trum (A) of Figure 27. The ratio of the band near 1400 cm- ! to the one near
1075 cm~! is intermediate between that from the group of samples in Figure 25
and the group of samples in Figure 26. The amount of material extracted from
CG-P-1 also is intermediate between the amounts of material extracted from the
other two groups. This difference in amount is also reflected by the fa :t that the
intensities of all the bands of CG-P-1 are also intermediate between the intensities
of the bands of the other two groups. The lower spectrum of Figure 27 is of the
residue of an amount of water equal to that used for the extraction which had pre-
viously stood in a round-bottomed flask for the same length of time as the extrac-
tions. Thus it is the system blank (CG-H,0-01) for the group of crushed glass
experiments.,

This spectrum CG-H,0-01 shows that the extremely weak bands cannot
account for much of the spectra of the water soluble residues from the glasses,
except possibly for the 1400 cm™! band of quartz,

Emission Analysis

Part of the emission analyses values for the residues [rom the crushed glass
samples are given in Table 7. Compared to the system blank (CG-11,0-01), it can
be seen that the elements listed in Table 7 can be extracted from some or all of the
glasses in quantities substantially greater than the blank: with the possible excep-
tion of Ba. From Table 7 it is also apparent that the samples can be grouped by
the amounts of various elements extracted, and thesc fall in the same groups as
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the spectra were arranged (Figures 25, 26, and 27). Thus CG-N-1, CG-7052-1,
and CG-C-1 have large amounts of B, while the rest of the extracts do not.

TA3LE 7. PARTIAL EMISSION SPECTROGRAPHIC ANALYSES I'OR
WATER EXTRACTIONS OF CRUSIIED GLASSES

Elements (ug)

Sample Ba B Si Al Na Ca K Co Sb As
CG-N-1 0.3 >100.0 >100.0 3.0 >100.0 7.0 >100.0 0.1 3.0 10.0
CG-7052-1 0.3 >100.0 50.0 0.5 100.0 5.0 >100.0 0.1 0.5 1.0
CG-C-1 0.3 >100.0 >100.0 3.0 1000 5.0 >100.0 2.0 0.5 1.0
CG-P-1 0.1 15,0 30.0 0.1 50.0 1.0 1.0 0.1 0.5 1.0
CG-Vv-1 0.1 15,0 20,0 0.1 5.0 1.0 1,0 0.1 0.5 1.0
CG-Q-1 0.1 3.0 15.0 0.1 1.0 1.0 1.0 0.1 0.5 1.0
CG-H,0-01 0,1 2,0 3.0 0.1 1.0 0.5 1.0 0.) 0.5 1.0
_———

The samples of the first group (CG-N-1, CG~7052-1, and CG-C-1) have the
largest amounts of Si. CG-P-1 gives an intermediate value for Si, while the
samples of the third group (CG~V-1 and CG-Q-1) give the lowest values for Si.
The first group of samples shows the presence of some Al, while the rest of the
samples apparently do not contain Al since the emission values are no greater than
that of the system blanl- (CG-H0-1). For Na, the differences are even more dis-
tinctive. The first group of samples has 100 or more ug of Na; while the second
group has 50 ug, and the third group has 5 or less ug of this element, Similar e
comparisons exist for most of the elements listed in Table 7. It is interesting to
note that Co is detected in the residue from cobalt glass and that Sb and As are
detected in the residue from Nonex glass.

Liquid Water Extraction of Glass Wool

The infrared spectra of the residues of the water extractions of glass wool
are shown in Figure 28, Figure 28 (top) is the spectrum of a standard or blank
(residue from 250 ml of water in a synex flask for 10 days). This spectrum
(GW-H20-1) is remarkedly similar to the spectra of preparations of anomalous
water yet it results from a simple wuater wash of a pyrex flask. The spectra of
the residues from th: water extraction of pyrex (GW-P-H0-1) and quarty,
(GW-Q-H50-1) glass wool are shown in Figurc 28, middle and bottom respectively
The extraction from quartz glass wool gave a spectrum much like that of the blank.
The spectrum from pyrex glass wool, however gave a strong 1680 cm~! band with
practically no 1620 cm~-1 absorption. In the 400 em-| range, the 1360 cm-! ab-
sorption is much stronger than the 1410 cpy -1 band much like the water washes of
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of capillary tubes. However the important fact is that these washes give spectrum
which are qualitatively similar to those of anomalons water preparations. This
would indicate that at least most of the residuc from anomalous water preparation
consists of material extracted from glass.

Carbonate Derivative

Analysis

The infrared spectra of the residue of the methanol or ethanol soluble protion
of NaHCO3 are shown in Figure 29. Figure 29 (bottom) is the spectrum of the
ethanol product while Figure 29 (top and middle) are two separate preparations of
the methanol product. The spectra shown in Figure 29 are similar to spectra
obtained by the University of Maryland (where the products were first(6) prepared).
The methanol product varies slightly from preparation to preparation in one of
three ways: (1) no Nap;CO3 absorption is present at 880 cm ™! (top Figure 29),

(2) some NapCO, absorption is present (middle Figure 29), or (3) both Na,CO3
absorption at 880 cm~! and an unknown absorption at 865 cm-1 are present. In
any of these cases these differing absorptions are weak and most represent a very
small portion of the sample. The major infrared bands are identical from
preparation to preparation.

The major (strongest) bands of both the methanol and ethanol products have
nearly identical frequencies indicating the same basic structural unit in each case,

It must be emphasized that none of the spectra in Figure 29 match reference
spectra for sodium bicarbonate (NaHCO3). In these spectra (Figure 29) the strong
1625 cm=! band and the CH stretching vibrations in the 2900 c¢m-1 range are of the
most interest, for if this compound exists on glass, the strong 1625 cm-! band
would explain the remaining question in the infrared spectra of anomalous water.
The CH bands would then have to be due to residual solvent or to a complex of this
compound with the alcohol solvent. Thus the research shifted to the identification
of this methanol product.

A sample of the methanol product was heated in air for five hours at 100 C.
An infrared spectrum of this heated sample is shown at the top of Figure 30.
While some of the original compound remains (sece Tp bands at 2960, 1625, 1090,
925, and 830 cm=~!) most of the sample has been converted to sodium carbonate
(Na2CO3). Further heating at this temperature or shorter heating periods at higher
temperatures will complete the conversion to Na,CO;. Conversion to Na,COq
upon heating is the known behavior of NaHCOg3, so the possibility existed that our
methanol product was a different polymorph of NaHCO3 with some residual
methanol. The bottom spectrum of Figure 30 shows the residue from the CCly
extraction of the heated sample (shown at the top of Figure 30). As can be scen
in Figure 30, this residue is not a spectrum of methanol, so if some residual
methanol remains it can survive exposure to 100 C and not be extracted with or-
ganic solvents, i.e., it must be strongly bound or complexed to the methanol
product,
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To test the possibility of complex formations, both thermal gravimetric
(TGA) und mass spectrometry (MS) analyses were obtained on the methanol prod-
uct. The TGA run is shown in Figure 31. This run which plots weight loss vs.
temperature (programed for a four degree temperature use per minute) shows
that, upon heating, the sample immediately begins to lose weight. While there
arc several inflection points (change of rate of weight loss) before 120 C, itis
near this point that the weight loss proceeds at a rapid rate. This rapid rate con-
tinues until near 190 C where further heating causes very little additional weight
loss. At 230 C the total weight loss is 45, 61 percent of the original weight. This
weight loss is far too great to be accounted for solely on the basis of loss of
CH30H from a 1:1 CH3OH-NaHCO3 complex although a CH3O0H clathrate is not
excluded. An infrared spectrum of the residue remaining after this TGA run is
shown in Figure 32 and represents almost pure NapCOg3.

The unknown methanol product (hereafter referred to as NaHCO3 in CH30H)
was then subjected to mass spectrometry analyses. This mass spectral studies
were carried out using a mass spectrometer (Finnigan 1015) in which one can
gradually heat the material and obtajn mass spectra of the volatile decomposition
pProduct at various temperatures. The MS runs were programmed at the same
rate (four degrees per minute) as the TGA runs. Since this MS unit is coupled to
dedicated computer, it is possible to store the many MS runs made over the
temperature range and retrive the data in the form of either conventional mass
spectra (amplitude or intensity vs. mass) or as amplitude (for any specified mass
range) vs. temperature. The MS results (presented in the latter form) are shown
in Figure 33, The amplitude or ion current generated by species in the 18-19
mass range are shown at the top of Figure 33. Thus mases of 18 or 19 (H,0) can
be seen coming off near 33 C, near 55 C, and, with a weaker, broad peak, at

off near 55 C, near 72 C and over the broad range near 110 C, CH30H (masses
31-32) is seen coming off (Figure 33, second from bottom) near 110 C and 140 C.
The amplitude are not directly comparable (because of a normalization factor)
from one mass range to another, but some quantitative measure can be achieved
by comparison of the noise level of each trace. Thus it can be deduced that there

range. As can be seen in the lower curve the CO, and H,0 peaks at 33 C and 55 C
can be weakly detected, but the CH3OH peak at 110 C and 140 C are too small to
be observed. The surprising feature of the lowest plot however, is that none of
the products (H,0, CO,, or CH30H) are the major decomposition products with
temperature. Instead, species which volatalize near 83 C make up the bulk of the
decomposition products., A conventional mass spectrum (amplitude expressed as
percentage of strongest peak vs. mass) of the product volatilizing at 83 C is shown
in Figure 34. From this figure it can be seen that there are strong peaks with
masses above 44-45, The strong peaks in the 28-32 mass range are due to

N2 and O of air. The distribution of these peaks indicates the possibility of a
complex mixture of hydrocarbon fragments and from the masses shown, ‘he hydro-
carbon are much bigger than the methyl groups which might be expected for the
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NaHCOj in ClI3 OH product. Thus the mass spectral data strongly indicates that
there is not enough CH30H for a NallICO3-CH30H complex or clathrate and that
hydrocarbons (larger than CII3) are present (or formed with heat) in this
NaHCO3 in CH3OH product.

These results led to the use of a computer search system to compare the
infrared spectrum of the NaHCO3 in CH;OH product against 140,000 reference
spectra. One compound (sodium methyl carbonate) was found to have nearly iden-
tical infrared frequencies (but different band intensities) with the unknown.
Elemental analyseé were then performed to ascertain if the unknown was indeed

sodium methyl carbonate (NaO-é—OCH3). Emission spectrographic analysis for
the NaHCOj; in CH30H product are shown in Table 8 and compared to values for
the starting sodium bicarbonate. Other elements besides those in the table were
sought, but not detected. Table 8 demonstrates that the NaHCOg3 in CH30H prod-
uct could not be a metallic imparity in the original NaHCO3.

TABLE 8. EMISSION SPECTROGRAPHIC ANALYSES

Elements (mg)

Sampte Mg Si Fe Al K  Ca Na
NaH CO; in CH30H <10 10 <5 <5 10 <5 >>>100
Product
NaHCOg 10 <10 <5 <5 <10 15 >>>100

C,H, N, and Na analyses are shown in Table 9. As can be seen the observed
values are low for carbon and hydrogen and high for sodium methyl carbonate.
This leaves the possibility that either the product is not sodium methyl carbonate
or that the bulk of the product is NaO-CO-OCH3, but with a sodium-containing
impurity present to cause the discrpancy in the elemental values. From the in-
frared spectrum of the NaHCO3 in CH30H product, one would have to conclude that
the impurity is either noninfrared absorbing or has the identical frequencies of
NaO-CO-OCHj.

TABLE 9, C-H-N-Na ANALYTICAL RESULTS

Sample % C % H % N % Na
NaHCOj in CH30H-1 20,2 2.5 <0, 1 26.0
" " "2 20,0 2.6 <0, 1 25,3
" " " -3 21.6 D - |
Average (1, 2, 3) 20.6 ¢

2
NaO-CO-OCHj (calc.)  24.5 3.
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In the course of the research it was soon noticed that samples of the NaHCC;4
in CII3OI-I product showed changes when left standing in air for a period of time, In
order to study these changcs, films of the NaHCOj in CH3OIll product were laid on
an infrared transmitting plate and an infrared spectrum recorded. This spectrum
was similar to those shown in Figure 29, This film was then allowed to stand in air
and spectra were recorded daily, Several of these spectra are shown on Figures 35
and 36. The spectrum in Figure 35a (recorded after standing in air three days)
shows traccs of a new band appearing at 2940 cm-1 on the side of the original 2965
cm=-1 band, In addition new bands appear at 1458 cm-1 and 870 cm'l, indicative of
carbonate formation. After five days (Figure 35b) the 2940 cm=-! band is stronger
then the 2965 cm=1 band and both the 870 and 1448 cm-] bands have increased
in intensity, After seven days (Figure 35c) the 2965 cm=-1 band has almost dis-
appecared, the 870 cm-1 band is very strong and the band in the 1400 cm-1! region
has increased in intensity and shifted to 1449 ecm=-1, All of the remaining bands of
the NaHCO3 in CH30H product by now have obviously decreased in intensity. After
ten days (Figure 36d) these changes are even more pronounced and in addition a
new band has appeared at 905 cm=-1, By the end of 24 days (Figure 36e) virtually
all of the bands of the original product have disappeared to be replaced mainly by
sodium carbonate (1448 and 870 cm~-1) but also by a surprisingly large amount of
CH (2940 cm=-1), This CH has changed from the CHj (2965) of the original sample
to absorption bands typical of a hydrocarbon chain (CH3 at 2965 cm-1 and CH; at
2940 cm-1), The unusual formation of a hydrocarbon chain from methyl groups
suggests the possibility that the 905 cm-1 band could arise from olefinic
unsaturation.

Since oxygen may accelerate or catalyze the decomposition, a fresh sample
was placed on aninfrared transmitting plate and alloweu to stand in a vacuum
instead of in air. Spectra were recorded daily, some of which are shown in
Figure 37 and 38. Unlike the sample exposed to air, three days in a vacuum
(Figure 37, top) did not show the formation of a new CH band at 2940 cm=-1, but did
show carbonate formation (1435 and 880 cm=~1). After seven days, the spectrum
(Figure 37, bottom) of the sample shows increcasing amounts of carbonate and the
appearance of a new CH band at 2940 cm-1, After 12 days (Figure 38, top) the
2940 cm-! band is readily discernible, but it is not until 24 days (Figure 38,
bottom) that the CH intensity at 2940 cm~1 is stronger than that of the original
CH band (2965 cm™1). By this time the sample is mostly carbonate and apparently
is much like the sample after standing 24 days in air (Figure 36, bottom). How-
ever closer examination reveals that there are distinct differences between the
sample that decomposed in air and the sample that decomposed in a vacuum. This
is demonstrated in Figure 39 which shows the spectra of a sample after 10 days in
air (Figure 39, top) and 10 days in a vacuum (Figure 39, bottom). One obvious
difference is that the rate of carbonate formation (or decomposition of the original
sample) is not as great in the vacuum sample as in the air sample. A less obvious
difference is that the carbonate absorption bands are at different frequencies (1448
and 870 cm~-! in the air sample compared to 1435 and 880 cm=-1 in the vacuum
sample). Figure 40 shows a comparison of the 24 day air sample and vacuum
sample which more clearly demonstrates the same diffevence in carbonate fre-
quencies.  Thus while both samples decompnse to a carbonate, each decomposes
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to a different carbonate probably different polymorphic forms or species contain-
ing a different amount of water of hydration.

Extraction
=== S ERran

A fresh sample of the NaHCOj in CH3OI-I product was Prepared, the
spectrum of which is shown in Figure 41 (top). This sample was allowed to stand
in air for a period of about 2]l days. The spectrum of this 21 day old sample is
shown in Figure 41 (bottom). From this spectrum it can be seen that while there
is still some of the original sample left most of it had decomposed to sodium car-
bonate. Also not as much of the CH component (2940 cm-1) was formed as in some
of the previous samples (Figure 36E and 38, bottom). At this point (after 21 days),
the sample was extracted first with CCly and then with CHCI3. The spectra of the

and bottom respectively. Only a small amount of residue was present in each
extraction. While the spectrum of the CCly extract only shows weak absorptions,

2900 cm*1) are present, and these organics are hydrocarbon in nature with no
polar groups (no C-0O absorptions). The residue from the CHCI13 extract shows

to mass spectral analysis. The sample was heated at a Programmed rate and high
resolution mass spectra were taken at various temperatures. These mass spectra
near 50 C, near 150 C, and 200 C are shown in Figures 43, 44, and 45 respec-
tively. The primary difference sen in these figures is the expected one ~ as the
temperature is raised more fragments of higher mass numbers are detected.
However the important facts to be learned from the mass spectral data are not
clearly apparent from the figures. The high resolution capability coupled with a
computer programmed to handle these high resolution data allows one to predict

taining C, H, and O. At 40 C most of the hydrocarbon fragments are Cj3 or
lower, while at 150 and 200 the fragments range upwards to C20- Mass spectral
data alone do not establish definitely that any of the hydrocarbon fragments are
unsaturated, but the infrared data (Figures 35 and 36) makes some unsaturation
appear highly likely. Thus the NaHCOj3 in CH30H product (which originally con-
tains only methyl groups) goes through a decomposition mechanism which involves
converting CHj groups to CHj3 (CH2) - hydrocarbon chains, some of which are
likley unsaturated hydrocarbons.
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DISCUSSION

The results of this research lead to two important and major.conclusions:
(1) even though the infrared spectrum of anomalous water is not completely ex-
Plained, the qualitative similarity of the elemental composition of the various
water washes and preparations demonstrates that the material that has been
called "anomalous water' cunsists mainly of material extracted from glass and
residues from the water itself and (2) the chemistry of the formation and decom-
position of the NaHCO3 in CH30H product coupled with some of the analytical
results of the anomalous water research indicates the probability of the ociur-
rence of unusual chemical reactions occuring in water-glass systems which may
be of major importance.

The infrared spectrum of anomalous water consists of three absorption band
complexes: one near 1600 cm=~1, one near 1400 cm'l, and one in the 1000-1150
cm~ " region, The elemental composition detected for the various water washes
and anomalous water preparations have established that the observed infrared
frequencies between 1040 and 1090 cm-! arise from Si-O vibrations and those
between 1120 and 1140 cm-1 are S-O frequencies. In the 1400 cm~-! range, the
frequencies above 1400 cm-1 could be explained as carbonate vibrations and those
below 1400 cm=-1 (near 1360 cm'l) as nitrate frequencies, The detection of car-
bon in all samples combined with the infrared evidence support the presence of
carbonates and the identification of HpO-CP-3 as primarily sodium nitrate helps
support the nitrate concept. This leaves the frequencies near 1600 cm-1 as the
only infrared band to be explained. The infrared spectrum of the NaHCOj in
CH30H product shows a strong 1620 cm- 1 frequency. Although this compound has
not yet been isolated from the anomalous water material, it is certain that car-
bonates or derivatives of carbonates do exist in the anomalous water system. This
coupled with the fact that hydrocarbons have always been detected in the prepara-
tions and the decomposition behavior of the NaHCO; in CH3OH product, suggests
that a compound with a strong 1600 cm=! band is present in the anomalous water
system, Thus most of the infrared spectrum of anomalous water can be explained
with assurance and reasonable suggestions can be advanced to explain the rest of
the spectrum. None of the species postulated involve a form of water,

However, the single most important fact arguing against anomalous water
being a form of water is that every water washing (whether of capillary tubes,
crushed glass, or glass wool) and every preparation of anomalous water (whether
from cleaned or uncleaned tubes) give similar infrared spectra and have qualita-
tively similar chemical constituents, It is impossible to believe that this arises
from any cause other than the combination of extraction of materials from glass
and the residue of water itself,

As stated previously, all preparations of anomalous water showed the pres-
ence of small amounts of organic material in the form of CH, and CHj groups.,
Other workers(4) have postulated that these organics resulted from the absorption
of perspiration acrosols by glass., Under the "clean" conditions of our experiments
this seemed unlikely, The behavior of the NaHCO3 in CH3;OIl product offers another
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explanation. Since during the decomposition of the NaHCOj3 product, it has been
shown that CH3 groups are converted to CH3(CH2)2 chains, it is possible arguing
by analogy that carbon on glass can also be converted to hydrocarbon groups,
Thus the isolation and study of the chemistry of this species could be of immense
importance in many areas of science,
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LW-HZO-OO

LW-HZO-OI

LW-HZO-OZ

LW-HZO-I

LW-HZO- 15

HZO-UP-7

HZOZ -P-1

HZOZ-P- 1H

LW-Pr-00

LW-Pr-01

A-1

APPENDIX A — SAMPLE NOTATION

Blank, the residue obtained from just the water used for the
liquid washings,

First system blank for the liquid washings with water, i.e.,
water extract of baking dish, flask, and vial,

Second system blank for the liquid washings with water,

First liquid washing of pyrex capillary tubes with water,

Fifteenth liquid washing of the same pyrex capillary tubes with
water,

First prepatation of anomalous material from water using the
cleaned pyrex tubes from LW-H;0-15,

Eighth preparation of anomalous material from water using the
same cleaned pyrex tubes as in HO-CP-1,

First preparation of anomalous material from water using
uncleaned pyrex tubes,

»
Seventh preparation of anomalous material from water using
uncleaned pyrex tubes.

First preparation of anomalous material from a 3 percent
H;O, solution using pyrex tubes.

Sample H;0,-P-1 after heating in air at 400 C for 60 minutes.

Blank, the residue obtained from just the propanol-1 used for the
liquid washings.

Blank, a propanol-1 extract of Saran wrap.
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LW-Pr-1
LW-Pr-2

VW-H, 0-1

VW-H,0-12
CG-N-1
CG-7052-1
CG-C-1
CG-P-1
CG-U-1
CG-V-1
CG-Q-1

CG-HZO-OI

GW-HZO-I

GW-HZO-Z

GW-P-HZO- 1

GW—P-HZO-Z

GW—Q-HZO-I

GW-Q-HZO-Z

A-2
First liquid washing of Pyrex capillary tubes with pPropanol-1l,
Second liguid washing of pyrex capillary tubes with propanol-1,

Firet vapor washing of pyrex capillary tubes with steam,

Twelfth vapor washing of pyrex capillary tubes with steam,
Fi;'st water extraction of Nonex crushed glass,

First water extraction of 7052 crushed glass,

First water extractoin of cobalt crushed glass,

First water extraction of pyrex crushed glass,

First water extraction of uranium crushed glass,

First water extraction of Vycor crushed glass,

First water extraction of quartz crushed glass,

Blank, residue from water extraction of flask used for crushed
glass extractions,

Blank, residue from water extraction of flask used for glass
wool extractions,

Second blank, residue from water extractions of flask used for
glass wool extractions,

First water extraction of pyrex glass wool,
Second water extraction of pyrex glass wool,
First water extraction of quartz glass wool,

Second water extraction of quartz glass wool,
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APPENDIX C
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