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1 SYNOPSIS 

A better understanding of the infrared spectra of anomalous water coupled 
w^h extenswe chemical analysis of water washes of glares systems und anomalous 
water preparaüons indicates that most of the material called anomalous water 
consists of substances either extracted from glass or that are residues of water 

If water " ^ an0maloUS water exists " * least as a form 

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 
explam some of the (anomalous) behavior of the material called anomalous water 
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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 preparations yield a water-soluble residue when 
they are washed with distilled water. (D   While the exact nature of this water- 
Poluble 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 water-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. 

A  .    AI1*8 b,ee? observed ^ a nu^ber of researchers that anomalous water forms 
de ectably only from water vapor. (2)   Also,   it has been reported that in some cases 
so ubihty 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 
cooker. 

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 tliis report, the terms capillary and tube are used interchangeably. 

■   i 
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to determine the kind and amounts of material which ^nM K        ! conducted 

ous glaSseS      Crushed portions ol »evr^e^f^L0 H ^.^«fed"?*"' 

composition of the residues.    Other experTm^fto dlt      ^T"6 the metallic 

portions of glass involved extraction of ^x^ ^art ^asT ^o^H ^ 
Infrared spectra of these extracts were recorded. ' 

denied .n anomalous water,  many of the questions concerning the infrared 
spectra of anomalous wa^,- ™„i,i i , 8 Lne inirarecl spectra of anomalous water could be answered. 



EXPERIMENTAL 

Liquid Water Cleaning of Capillary Tubes 

For the liquid water cleaning experiments,   about 500 freshly pulled pvrex 

5?0 ml^f H ""f. ^r6' ^ a PyreX baking dish and the tubes w«e covered with 
500 m   of dem.nerahzed water.    The baking dish was then covered with Saran wrap 
and allowed to stand (with occasional shaking) for seven days.    On the seventhly 
he 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- 
mg another    00 ml of demineralized 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 

Z.VirVa^r WaS remOVed-    At the P0int Where a few -1 of water re- 
mained in the flask,   the evaporation was stopped and the water was transferred to 
a weighed Py-x vial       The remaining water was removed by evaporation with N2 

add  d ! 7v,lg     0i      . d7 reSidUe Wa8 0btained-    A feW dr0PS of water -re then 
added to the vxal and ahquots 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 

LW-H'O'^" LW H^^V ^T-   TheSe ßampleS of Washi^s are designated 
K 

2 J- LW-H20-2'  etc-    The le"ers stand for liquid wash with water and the numbers indicate which washing. wctier ana tne 

In addition,  several standards or blanks were obtained.    LW-HzO-OO is the 

rw xTo ^^ fr0m the Water USed in these e-Periments.    LW-H2O  01 and 
LW-H2O-02 are the first and second system blanks,   respectively.    A system blank 
is a duplicate of the washing experiments without the tubes being present      Thu 
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 detaiK D and will be only briefly described here.    The clpü- 
lary tubes are placed on pyrex Petri dishes resting on a porcelain pla e 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. 

' 



below the porcelain plate and the desiccator is soaW ,. ui. 

5 millimeters of pressure of mercury     A tesevenllavs the"" n" ^ abüUf 

moved from the desiccator and the anomalou    materiJ^ ^^/^ are re- 

by washing with demineralized water    This wash wlo        T^V' ^^ thC lubcS 

bottomed flask and the residue is ob ained by the same n T '        ' " * rüUnd- 
liquid washing experiments y Procedure as used in the 

Two 
been washed 
anomalous m 
then dried and 

material.    This preparation is labeled H,0-CP-1      ThJ*,„     ., 
and placed in the desiccator rnr , . j2 ame tubcs were 

suiting from th.s is labeled H'O-CP 2     (CP .Ld. f"""1"0"-    The """"^ - 
process was repeated Tor eigh^pr^parati ^s     t hetcon^^r^'    ^^ 
pyrex tubes which had not been washed or "M„       7.? Second '^P6 of experiment, 

The first sample is iab^ed H2oTp 1       UP "a'd   ,7" T" '"/ ** W"*™- 
process was repeated for sev^n preparations nCleaned PyreX,•    ThiS 

Preparation of Anomalous Material from H?02 Solutions 

preparTa:iri:s^nli:tPe^u:1nbg7rp
g^lnnt,h;qu

fersaH00 ^ T^T ^^ * 
The method of preparation used was !dent"cal"o that dos' "h ,, K lnS'ead Ü' ^0- 
pyrex tubes were washed several .tae. w th wlte^nt '   " ^ . ^ ^ 
prior to being placed in the desiccator. e5 W"h elhano1 

r:::^" rm
r rrnrbo":re^5rHg,: ^:r"- -"sr^c 

resulting eoncenTratd soluHon      4 m f      COnlain,i"e ^ ""P'-    Ali<"-ts °' *e ,, «"dtcu solution 1-4 ml) were used for analvsis      Th^ J 
ing after evaporation of the water from the 3 percent HO e remain- 
HyOy-P-l      After rasfin^ o «i u,n ^e J percent H202 preparation is labeled 

soUon for in    ared alfvse, ^"ola", H11 ^ "^ *" ^°l * """"-Uon 

400 C in air.    This saTp^ de's^ld H^Tm""' ^ '" 60 -"^ >' 

Vapor Water Cleanint; of Capillary Tub es 

power for glass than does liquid water       n *>. r'1".^'" h*' * B™"*' sol u 

used to generate the water v'apor as s earn     Äbou.loöT     " r';0""0 """^ W" 

in the pressure cooker for periods up "Tigh^hoü s      The"" '"Tr"" h0a,C<1 

poured off and the residue worked up via a ro.aT rC''    "^ "^ WaS 

wash experinients.    These .>m£ZZ ^e^7VwXo 7   Vw'"^« 'l11"1' Wal0- 
Utters stand for vapor washing with water and the numTrs*:«^;"^ ^^^^ 
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^ Liquid Propanol Cleaning of Capillary Tubes 

Prior to the preparation of other anomalous materials (such as from propanol 
j- instead of water),   capillary tubes were repeatedly washed with liquid propanol     The 
| procedure and experimental arrangement was identical to that described for the 

hqmd water    except that 99 percent plus propanol was used for the washing instead 
j of deminerahzed water.    These samples are designated LW-Pr-1,   LW-Pr-2,   etc. 

in.s    SLWPP  L^~P\l00 " "T T^ 0btained fr0m the Pr0pan01 USed in the ™**- 
o cove   1    K\    Vl ^ fr0ni a ProPano1 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 CC14 solubles and the CC1. 

Liquid Water Extraction of Crushed Gla sses 

i 
i 
I 
[ 

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 

I xlask 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 

L glass was fmely crushed,   but no attempt to control particle size w^s made     Each 
crushed glass remained in contact with water for 10 days.    The samples were 
penodically agitated.    The water was decanted and filtered through a Gooch cruci- 
ble    usmg a slurry of Whatman No.   1 filter paper to remove the fines      After fil- 
tration    the volume of the water was reduced to M ml by the method described 
above for H^O?. 

These samples are designated CG-V-1,   CG-Q-1,   etc.    CG stands for crushed 
glass ex raction and 1 signifies the first extraction.    The middle letter indicates the 

TOSZ0^5^ r^ ^T^'   P=PyreX'   N=NoneX'   C=Cobalt'   U=uranium,  and 
7052-7052 glass.    CG-H2O-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 ml 
flasks were half filled with either pyrex or quartz glass wool.    The ffaskswere 
then filled with 250 ml of deminerahzed water and allowed to stand (with occasional 
shaking) for  10 days.    The water was decanted into a flask and was evaporated b" 
the process used for the liquid water cleaning of capillary tubes.    The original glass 

wool was then used for a second water extraction.    These samples are designated- 
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GW-P-H2O-I and -2 and GW-Q-H.O-1 ami    ?      T       ,,-.■ 
were obtained.    These blanks duplicated   ho In.addlt'on two standards or blanks 

wool was placed in the Oasks / T^e ^n' i;rrr
rin;ental ^^ ^^ "" ^S* incse samples are designated:    (JW-H20-]  and -2. 

Synthesis of Carbonate Derivative 

glass woo! .ha. gave an fnfr.red .päc'rum mä     "u« h"   ' 'rT"""" f,Üm P""" 
infrared spec.ra of anomalous wa.er    TTtcr .he M      T ^        C' he'P eXpUin lh- 
synthesize this eon-ponnd and the syn.hesis has .       ^ ^""P fOUnd ""' " "'ul<l 

«cry.    :„ .hisa saturated solution Z^Z I LrZltlLnloV '" T lab0ra- 
prepared.    After varyine periods of H^      fu , nate iNaHCOj) in methanol is 

residual NaHCO,      When this methl   T   ' methan01 " deCanted from a"y 

infrared spectru^ wMcTi^LThat^^aVcor^Tt^ ^ "^^ ^ ßiVeS a" 
residual solid and of the comnounrf «w      V V/' ^^ared spectra of this 
is this residual solid    appa««^ a T 

fr0m glaSf  wo°l were identical.    It 
research effort in the la^r half of T* COmpOUnd'   V'hich °'™PM most of the 
ferent infrared spectrut^^^ ^ *^ ^ * lightly dif- 

used as the solvent instead of methlnol manner When etha"01 is 

Analyses 

Infrared Spectroscopv 

sa.p^u^Vs^: r0
r

m
e ^re„d„r p"1

kf-Eimer 521 •-'-p-o.cme.,r, 
NaCl plates.    It i. significant fta. an. . P     ^ 0r fÜmS from Propanol on 

COUM he ohtained .i.L. IZ^ZlZ^ Z'^^tll^:^ 

Electron Microprobe 

The
u
microProbe analyses were done on a Model 400SS.       ■       ^ 

Microprobe manufactured by the Materials  An.l i~ Scanning Electron 

prepared for the electron microprobe by la^./i" ^^    ^ ^^ We^ 
high purity aluminum plates,    x'ray i^"^«^ t    "l ^ T^ 0r ^"^ 0" 
in various f,-„ . n.        ....       y ima8cs ot the element distribiifior.0 , i  ement distributions are shown 

sample.    As will be seen 



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 Spect rography 

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 vvith 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 0. 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 <r50. 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 were 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 I. 

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 

p~^-^^^ and Preparation of Anor^^T^Tl^TZ^j^j^^ 

Infrared Spectra 

of cap1u;r;tL^eda:r2rf
i:

hA;T.p.1rrd1
in1h

f^m
f *= "^id——- 

the firs, preparations of anomalous Ja.eHals froj      ', ,    ^^ "* SO™ °! 

tubes are also shown in Figure 2.      ma'erIals froni w»ter utiliaing these cleaned 

8treteM"g1e^%romt35otl5rc0n:-5rarThabSOrP,i0n ^ ^ —"-1 OH 
lous water prepared in pyrex tubes      This    h aPPearS l0 ^ typiCal of an anoma- 
of OH absorption when clpared to the OH uTdTJ.V "'^  '"' Sma,1 am"U"t 

2850 ^tZl^l^UZl^r a ^7 ^^ CH a0SO^"- b«w«n 
gloves are always used) or Tbso' Ho' !^ ^ '^""^ ""tamination (although 
washed off .ach tim. because waterTs IZT^ "T" "^ ^ "^ slieh"v 
going from LW-H20-1 throughThT^H O   1 f^ SOlvent for many "eanics.   On 
be decreasing, bu' then it incr...e. ,.a!n   .. ,he.a"0unt ot CH ^'"ial appears .0 
H20-CP-2 there i. a weak 1730 cm-l't' eSpec,allV in H,0-CP-2.    In sample 

A CC14 extraction of .To cp-2 gTve aar::idP',0n.in add"i0n ", the CH ^sorpHon. 
3000 cm-1 absorption a'nd 1730 cm-' lb.lrt ^l -P^trum showed only 2850- 
.ity to account for all the absor»"ons a, th "   ^      abOUt ^ COrrec' ^"^ '"'•"- 
spectrum of H2O-CP-2      Thus the or.»       eSO '"^"^ "hlch are seen in the 

of the spectral of anomalous water s8amn^:5
Can   ' remOVed WilhoUt ^^ *» "»' 

the .b^-V^rr^at'rio :a,-T r;^-:^,wo absorp'i- ^ - 
1680 cm-1 band being    generallv    th"   t u " 0ther iS al 1680 cm-1.   with the 
(although difficult to s^'i"he figures   ZT *hSOr<'ti°"-    " " interesting to note 
preparations also show two bands in thsr ^     " 0f 'he anomal°^ water 
other is shifted to 1620 cm-1     ^ ^ddfäönX^n 1 at 1680 Cm"''   bUl tho 

absorption in the spectra of the pr^pa Zn'     Th    T     ^ iS aIwaSy the s'—«" 
that a different chemical 0peciesP s'res   nt in the" 0bSerVa'ion ^^'v -S^sts 
All washings (LW-^O-l through LW^H 0,4! an ,P,rPara,,0nS than in ""= washings 
Figure 3) show the a'bsorption at 16« c^ 1      A^,        " SyB,em blank <I-W-H,O-02, 
(Figure 3| have this absorption at 1620 1-1      Thfs"^?"0"8 im,U<line "2°-"^-' 
believed to be significant. ' 1S Shlf, ,s 1uil" insistent and is 

broad 'aVstpttön0 whicl "how^^o^C^one^ari^n0', « o liC,Ui;, ^^ *"* '"V 
1410 cm-1.    The peak near 1350 cmls' generallv the .tr 7" "^ ^ 
occasionally the peaks are nearly cqual ^^     O^Z^^tZ 
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s 

se 

of the anomalous water preparations show a strong Mir.        -1    u 
best,  a weak 1350 cm"! absorption (the width of the M,n 1

a
t
b80rPtiO" with,  at 

cult to determine if a 135Ü cm"! absornH Cm      ^^ makes " dic- 

ing, and preparations is besTsee    in PCrVj ^The6^' . Thi:i
Shift ^^ ™*h- 

(LW-H2O-02) clearly shows strnnaV       I system blank or washing 

(H20-CP-1,  H20-ul land ^ofcp 7!h 0n ^ 1350,Cm"1 ^ ^ Pr™ons 
the 1400 cm-1 spectral region aL la IvsToTf.   ^ ^      *h*°^™-    Thu 
water washings and the preparations ' ^^ences between the liquid 

Spectral differences are also spon i« fV.« i m«        -1 

are not di«erencoS between waX' and prepalafonr   Fregi0n-    HOWeVer'  thei 

sion consider two areas of infrared ab.orn.iüÜ" purposes of discus- 

1040 to 1090 cm-1 and from ■  20 t0 n40 cm" "tl'9**™1 r**i0"- 0M "°™ 
LW-H20-1 and LW-H,0-2 shrw .,, T 8ure ' " "" be s"n 'hat 
while 1.W-H20-12 and LW-H,0  A .bger absorPtio" '" ">= 1040 to 1090 cm-1 rang, 

would .«ml ind^ateX. cfntVnLl ::s
a

hi
S

n
t:0ng<!r ^ " "20 ""^ --'■    Thf£ 

to the 1040-90 cm-1 absorption morl Than th"     remOVing '^ SpecieS 8ivinS "« 
cm-   component.    However in LT^O-UmZT^^V^ ^ ^ U20-40 

equal intensity again     From Fla,,.-. I •*       lJ;i8ure ^J these bands are nearly of 

cleaned tubes'^O-Cpfl aTd HT-CP 
1 )"" ^ 'T ^ ^ P^P"^-- in 

However, while H,0-UP-1 al.«        .     ^ g       a Stronger "20-40 cm-1 peak 

definitei; some 10240-90 c^l"LorX^s   ^T.1140 ^ ^'^nLre is 

LW-H2O-02 gives mainl.  104o!XPcm-UbsorptiL8781^ "^ ^ WaShing 

while ZTclll of L^th:: p^^C f^ ^ ^ ^ ^ * F^* * 

In general,  the spectra i^^gure    4 andTshrr6' tUbeS are ShOWn in Fi^ 5- 
spectra in Figures 1 to 3     However tW Same trendS disc^sed for the 
being the spectrum of H20-CP-3 (Top Figured)"TV 

eXCePtions' the ^or one 
centration of a nitrate and the freouencief arV.i    Th

f
1S;Pectrum sh™* * High con- 

The reasons for the anomaly are not known    b.^'      K ^ "^^ "^^ 
This behavior is especiallv Lr.fi kn0wn'  but it has been observed before(6) 

and H20-CP-4 i^Z!::^^^:^*^-^ (^ure 3D) 

preparations. P'      e ^P10*1 «^ normal anomalous water 

c- region.    This -Cior" ^^^^aX^a^^^^^^ 

Fignre?! Ind rZ" thantdT^ '"r""" ^ ^ ^ ^ *" ^-- ■>' 
LW-H20-1 and LW-H2o  2 (Fig r^   /rn'^Br T^"16' t0 ""^ '^ ""^ °' 
in the amount of residue available to obtain .„L        ,", ^ a siSni""nt decrease 
(Figures 1C and -D).    The sample LW £0   la Lw-H20-12 and LW-H20-13 

«rum (Figure 2A) showed only weak bids'     Th T T'T^ ^ —'""e tpec- 
perceivable and no .pectrum (n.u,» 2R>        ^\     l""6 ^-"20-15 was barely 

these residues and pr.p^Ho^^ v n"n ^1.° ^^h The.tt,il WeiehtS "' 
ind.cations of the above trends due to the wasWngs ""^ ^ Cle"" 
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4000 3500   3000    2500   2000 1800 1600   1400 1200 1000   800 

Cm"1 

FIGURE 4.    INFRARED SPECTRA OF H2O-CP-3 (TOP),  H2O-CP-4 
(SECOND FROM TOP),  H20-CP-7 (SECOND FROM 
BOTTOM),   AND H20-CP-8 (BOTTOM) 
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4000   3500   3000   2500 2000 1800 1600 1400 1200 1000  800 

Cm"1 

FIGURE 5.    INFRARED SPECTRA OF H20-UP-3 (TOP),   H20-UP-5 (SECOND 
FROM TOP),  H20-UP-6 (SECOND FROM BOTTOM)    AND 
H2O-UP-7(BOTTOM) 
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TABLE  1.    WEIGHTS OF RESIDUES FROM LIQUID WATER 
CLEANINGS AND ANOMALOUS MATERIAL 
PREPARATIONS 

LW-H2O-02 (blank) 
LW-H2O-I 
LW-H2O-2 
LW-H2O-IO 
LW-H20-14 
LW-H20-15 

H2O-CP-I 
H2O-CP-2 
H2O-CP-3 
H2O-CP-4 
H2O-CP-5 
H2O-CP-6 
H2O-CP-7 
H20-CP-8 
H2O-UP-I 
H2O-UP-2 
H2O-UP-3 
H2O-UP-4 
H20-UP-5 
H20-UP-6 
H20-UP-7 

Weight, 
SamPle (mg) 

0.4 
3.6 
1.5 
0.5 
0.3 

no measurable 
weight, <0. 1 

0.4 
0.3 
0.3 
1.3 
0.6 
1.0 
1.3 
0.5 
1.4 
1.3 
1.3 
0.8 
1.2 
0. 5 
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-H2O-IO to LW-H20-14     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 (H20-CP-2 to H2O-CP-8) lends 
weight to the vapor-like washing leaching additional material from the glass tubes. 

The preparation in the uncleaned tubes fhould give a weight in the range of 
the 3 6 mg obtained for the first washing (LW-H2O-I) 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 (H2O-UP-2 to H2O-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 discussed further 
in following sections. 

The spectra of the washings in Figures 1 and 2 all show the 1600 cm"! band 
to be weaker than the 1400 cm'l band.    The spectrum of the first preparation in 
these cleaned tubes (I^O-CP-l) shows an intensity reversal,  i. e. ,  the 1600 cnW 
band is stronger than the 1400 cm'l band.    In the pastd) we have used the latter 
intensity re ationship as one indication of the formation of a new material during 
«* preparaUon process     At the present time it would appear that the relationship 
based on the stronger 1600 cm"! versus 1400 cnW band must be qualified since in 

fu    ^J'     -I y Seen that the Spectra of both H2O-CP-2 and H2O-UP-I show 

samn^V^ t0 ^ r^" than ^ 1400 Cm"1 band (as in the H2O washing 
samples)     Tig reversal of intensity of the 1600 and 1400 cm"! 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- 

HsTed'irTabirz        T^l*^ PfeParations are S^en in Table 2.    The elements 
.amole     With thi.        ^      ^ ^ "^ ChangeS 0n ^ from s*™^ 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 toUl weight 
In micrograms of each of the elements observed.    Since all of the elements present 



18 

* o o ^—• o d O o 
• 
o o d (NJ O _' 

in in V in o m in m IT ^-i in 
V V V 

A 
V V V V V 

2 

P o 

u s 

< d. 
o w rt 
a rt w 
ffi (X H 

ü < s 
O w o 
OiJ W S H ^1 S 
u S d 
w en pj 
Z Ü w 
O Z ^ 

S W w 
W J g 

< eJ 5 

rt S O 
< g Z 
0. > < 

w 
ffl 
< 
H 

U 

2 

M 2 

a 

e 
w 

M 
S 

W 

CQ 

a. 
e 

PM O 

d   — 

o 
v 

O 

PO       O 

o     m 

rt (SJ ,-H 

d 

ooooooooo 

ro^-—'--iiMinininrj 

O ^H 

^H ^H f-H O 
V V     m 

o    ^ 
o     V 

o    o ö O O 
(NJ 

(NJ        —>        -< 

V 
o    o    o    o 

V 

in    (Nj    o    m    co    po 

d    d    d    (NJ*    d    d    d 

-H © -H 

(NI    d o 
V 

o    -H    (NJ (NJ    m    't 
OOO—<(\J'-H—<-H 

I       I       I       I       I       I.      I       I 
oooooooo 
(NirjropjrsjrosvjM 
E^T'        M^ M^ ^T^ ^^ ^^^ ^T^ 

^14 KM MH M-l MH HM M 
I I I I I I I I 

^^^^^^^^ 

o    o 

(NJ    (NJ    o    o    o    in 

o    ro     ^<     ^     o 

m    o    o    o    o    o 

o    •-<    ro    (NJ    in    >—i 

-HOOOOOOOOOOOO 

o    m    -^    o    m    (NI    (NJ    m    (NJ    d    d    o    ^ o    o    o 
(NJ        i-l        ^H 

^©(NJroOroOOOO 

mmooNOro^in«-« 

p-l (NJ PO cH (NJ 

u u 
OH 
U 

a. 

0 
(NJ 

X 
0 
(NJ 

DC 

0 
(NJ 

X 
0 
(M 

0 
(NJ 

HI 



19 

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 be made with some 
caution. 

The water (LW-H2O-OO) 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-H2O-00) to the analysis of the system blanks or washings 
(LW-H2O-01 and LW-^O-OZ) 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-H2O-OI and LW-H2O-02),   can reasonably be used to indicate tne 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-H2O-OI and LW-H?0-14 
indicates that except for Na the quantity of elements present in LW-H20-14    the 
last listed tube washing,  is similar to that of the system blank.    However it must 
be mentioned here that in LW-H20-14 some of the material present must still be 
coming from the tubes since at this point the system has also gone through 14 wash 

^g8'T 3 5ref0re the 14th SyStem blank should'  in theory.  yield iess material than Lw-H2O-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-H20-2,  or the low values for all elements in LW-H20-12 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-H20-13. 

The first preparation using the cleaned tubes (H20-CP-1) gives emission 
analysis values that,  except for Na,  are below the values for the last listed tube 
washing (LW-H20-14).    In fact the emission values for the first preparation are 

TT
1
!.,^        

range (again eXCept for Na) of the elements of the two system blanks 
(LW-H2O-OI and LW-H2O-02) and are distinctly lower than the emission values 
found for the first preparation in uncleaned tubes (H20-UP-1).    As would be ex- 
pected the values found for H20-UP-1 are most similar to those found for the first 
tube washing (LW-H20-1). 

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-H2O-OI.    X-ray images of the first preparation from cleaned tubes,  sample 
H2O-CP-I,  are shown in Figures 9 to 11.    It was previously stated that based on 
emission analysis results LW-H2O-OI and H2O-CP-I 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 
slightly higher boron or B content in LW-HoO-Ol than in H2O-CP-I; 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-H2O-OI) than in the residue from the clean tube preparation (H2O-CP-I); 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 H2O-CP-I 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-H2O-OI than in H2O-CP-I,  yet the emission results in Table 2 indicate 
much more Na in H2O-CP-I than in LW-H2O-OI.    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-H2O-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-HgO-Ol SHOWING THE BACK SCATTERED 
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-I^O-Ol SHOWING THE X-RAY 
DISTRIBUTION IMAGES FOR Mg AND Og,  THE BACK SCATTERED ELECTRON 
IMAGE OF THE SAMPLE. AND THE X-RAY DISTR11      .ON IMAGE FOR K 
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FIGURE 8,   ELECTRON MICROPROBE ANALYSES OF LW-H2O-OI SHOWING THE X-RAY 
DISTRIBUTION IMAGES FOR Ca, Cl, S, AND Si 
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FIGURE 9,   ELECTRON MICROPROBE ANALYSES OF H2O-CP-I 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 h^O-CP-l SHOWING THE X-RAY 

DISTRIBUTION IMAGES FOR Mg AND O,   THE BACK SCATTERED 

ELECTRON IMAGE OF THE SAMPLE, AND THE X-RAY DISTRIBUTION 
IMAGE FOR K 
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FIGURE 11.   ELECTRON MICROPROBE ANALYSES OF H2O-CP-I 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 Cl 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 H20-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 Cl. 

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 heav'ier 
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, Q,   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-H2O-2 and LW-H20-14 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-H2O-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-H20-1) 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-H20-1,  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-H^O-I.    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-HzO-l 16.2 

H202-P-1 12.1 25 

LW-Pr-1 38.9 5.6 

2.2 2.5 

4.2 

2.0 

Preparation of Anomalous Material From H2Q2 Solutions 

Infrared Spectra 

1   .  / Prv
eparation of anomalous material using 3 percent aqueous H90? was com 

pleted.    The purpose of this preparation was to lea.n more about the    olt o^Z 
might play in the formation of anomalous material.    Some surprising results were 
obtained     Fir.     the yield from the 3 percent H2O2 preparation was about 5 mg 
a fairly   arge yield.    In addition,  the infrared spectra (shown in Figure 12) of the 
residue from the 3 percent H^ preparation are similar,  yet have distinct dif 
erences, when compared to the spectra of anomalous material prepared from 

tiefte The t^ r • dff      ^ PrePared '^ the infrared ^y«— distinctly stick to the touch,  differing from most preparations from 100 percent water      Th. 
top spectrum (A) of Figure 12 shows the residue obtained fromme 3 peTcent H?0 

preparation.    Spectrum (b) is that of a much thicker run of the first spectrl  '   ' 
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 

pyrextutsf tL^ T' ^T^ ^^ vibration ("- in preparations from 

aL 32  0 cm1!      Th6    H11"1 ^ ^T™ ^ three 0H ^ks near 34^  ^80, and 5d50 cm     .    This observation indicates that three types of OH grouos are 

llZt^llt^i    ^r/n ^l8 ^ ^ 1600 --1 -gionare^erTrong and 
tbV Mnn        -I ' 620 Cm      " in the PreParations from pure water     In 

400 cm-r  The^l^V        I T ^ "T ^ ^ ^ ^ ShOUlder ?™ ^ - 1400 cm   1.    The 14,0 cm-1 frequency is high compared to 1410 cm"1 in the preo- 

iisoZ\oT£ziwarter-Aband;s observedat ii1
75cm'1 with—^oZ absorpt on on the low frequency side near 1090 cnW.    m addition,  a weak band at 

787  cm   1  i8 observed in the spectrum of the thicker sample. 

400 r?6^11"1 (C) ^ FigUre 12 ShOWS the reSults Cheating (b) of Figure 10 at 
400 C for five minutes.    The three OH peaks in the 3400 cnW region have dis 

~600nan;i ur n0-Tal br0ad OH band iS 0bSerVed-    The ^-.ity       the bands 
The KRO        '     ^       ,Cm      regl0n are diminished compared to the 1100 » band 
The 1680 cm      has disappeared and the 1640 cm"! band has shifted to 1 cm-1 
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The 1470 cm"1 peak shows a large shift to 1425 cm"1 and a peak at 1325 cm"1 can 
now be clearly seen.    The appearance of a band near 1425 cm"1 could signify car- 
bonate formation,  but no confirming band near 880 cnW can be detected as is the 
usual case.    The 1100 cm-1 absorption of (C) appears unchanged. 

After heating (C) of Figure 12 at 400 C for an additional 60 minutes,   spectrum 
(D) is obtained (H202-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-1 absorption of 
spectrum (B) now appears at 1615 cm"!.    The bard in the 1400 cm"1 range has 
broadened,   reversed the original direction of its shift and now appears near 
1450 cm"   .    The band at 1325 cm"1 can no longer be seen.    The 1145 cm"1 band 
has decreased in intensity,  but is still very strong.    The 787 cm"1 band is missing 
from the spectrum of (D),  but a new band appears at 1000 cm-1.    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 
(H202~P"1) are somewhat different than those of preparations from pure water the 
frequencies of the heated sample (H2O2-P-IH) are quite similar to those of pre- 
parations from water.    In fact,  the spectrum of H202-P-1H would compare quite 
well to spectra of samples such as H2O2-CP-I an«: H2O-UP-I,  except for the in- 
tensity of the 1145 cm-1 band. 

Emission Analysis 

As an aid to interpreting the infrared spectral changes due to heating H2O2-P-I, 
emission analyses of H202-P-1 and H202-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 (H2O-CP-I and H2O-UP-I) for comparison.    Complete 
emission results are given in Appendix C.    Considering the drastic spectral changes 
between H2O2-P-I and H2O2- 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 H2O2 preparations (H202-P-l) to the 
preparations from pure water shows that the H202 residue contains much less Na 
than the H20 residues.    For other elements the H202 residue is closer to H20-CP-1 
(except for Mg and possibly B) than to H20-UP-1.    This is somewhat understandable 
since the pyrex tubes used for the H202 preparation were washed several times with 
water and several times with ethanol before the preparation was started.    Thus the 
H2O2 tubes are probably nearer the condition of the cleaned tubes used for H2O-CP-I 
rather than the uncleaned tubes used for H2O-UP-I. 

Electron Microprobe Analysis 

The electron microprobe results for H202-P-1 and H202-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 H202-P-1.    The sample 

        .   . 
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TABLE 4.    FREQUENCY SHIFTS (cm"1) DUE TO HEATING H202-P-1 

H202-P-1 H2O2-P-I 
(5 min, ,  400 C) 

H202-P-1H 
(60 miji. ,  400 C) 

3460^^____^ 

3380  —:—^_ 7.1^1*1 ■-^^^Z^ JJUU   3400 

3230^ ' 

1680 

1640 

1470 

1400 (Sh) 

1325 (Sh) 

1145  

1090 (Sh) 

787  

—1625 

— 1425 

—1325 

— 1145- 

-1615 

1450 

•1145 

1000 

■787 
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FIGURE 13.   ELECTRON MICROPROBE ANALYSES OF H2O2-P-I 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 F^Oo-P-l SHOWING THEX-RAY DISTRIBUTION 

IMAGES FOR Mg AND O,  THE BACK SCATTERED ELECTRON IMAGE OF THE SAMPLE, 

AND THE X-RAY DISTRIBUTION IMAGE FOR K 
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FIGURE 15.   ELECTRON MICROPROBE ANALYSIS OF HgC^-P-l SHOWING THE 
X-RAY DISTRIBUTION IMAGES FOR Ca. Cl, S AND Si 
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TADLE 5.    PARTIAL EMISSION SPECTROGRAPMIC ANALYSES FOR 
ANOMALOUS MATERIAL PREPARATIONS 

Elements  (ug) 
Sample B Si Fe MR Al Na Ca K 

H202-P-1 2.0 3. 0 0. 1 5. 0 0. 1 5. 0 1. 0 5.0 

H202-P-1II 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 

H20-UP-1 5. 0 10. 0 0.5 5. 0 1. 0 30. 0 5. 0 <50. 0 

H202-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 (H20-P-1H).    Some of the white portion could be under 
the black powder particles.    Figures 19,   20,   and 21 are the Xrray 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 
H202-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 more 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 H0O2-P-III SHOWING 

THE BACK SCATTERED IMAGE OF THE SAMPLE AND THE X-RAY DISTRIBUTION 
IMAGES FORB,  Na. AND C 
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FIGURE 17.   ELECTRON MICROPROBE ANALYSIS OF THE BLACK PORTION OF I^-P-IH SHOWING THE X-RAY 
DISTRIBUTION IMAGES FOR Mg AND O.  THE BACK SCATTERED ELECTRON IMAGE OF THE 
SAMPLE, AND THE X-RAY DISTRIBUTION IMAGE FOR K 
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FIGURi: 19.   ELECTRON MICROPROBE ANALYSIS OF THE WHITE PORTION OF l^Oo -P-IH SHOWING THF 
BACK SCATTERED ELECTRON IMAGE OF THF SAMPLE AND THE X-RAY DISTRIBUTION 
IMAGES FOR b,  Na. AND C 
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FIGURE 20.   ELECTRON MICRDPROBE ANALYSES OF T11W WHITE PORTION OF H2O2-P-IH SHOWING Till 
X-RAY DISTRIRUTION IMAGES FOR Mg AND O.  THE BACK SCATTERED ELECTRON IMAGE 
OF THE SAMPLE, AND THE X-RAY DISTRIBUTION IMAGE FOR K 
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FIGURE 21.   ELECTRON MICRDPRDBE ANALYSES OF THE WHITE PORTION OF H^-P-l SHOWING 111 
X-RAY DISTRIBUTION   IMAGES FOR Ca. Cl,  S, AND Si 
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Vapor Water Cleaning of Capillary Tubes 

Since the preparation of anomalous materials is essentially a %rapor 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-II-;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-H2O-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 
thif 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 th< 

I 
r 
i- While the propanol-1 washing samples,   LW-Pr-l anH TW   u     , 

contaminated with an organic phthalate that f n V , LW-pr-2 are heavily 

f one can still obtain much valuatet^l i  ^L^thr: ^ ^^ tUbeS' 
emission values for iho «*.♦ ♦ ""^mauon irom these experiments.    Partial 

j-   with th„Se i" *.'"^'ir, ^r.0' wash'!s are iisied in Tabie 6 '»«•*« 

..lubili^ in the second «.hU. «^^ ' N^U   ij^.,'"^" "^T 
J water wash extracted much m„re Na and K than did th^firsTwater wfsh      SeCOnd 

Electron Microprobe Analysis 

I LW  Pr ^ Hi 'Ctrn microProbe resuJ^ lifted in Appendix B for LW-Pr-1 and 

for Cl than is water. P^opanol-l is as good or better solvent 

L residue.    Th'ese .^'^ ^^n0 «^rS.^!" °' V""^-t *"* 
L the second propanoj-l residue    LW-ir-2     MJ,    f  , P Spectrum <A1 is '^t of 

Phthalate contaminant.    Spectrum^ fs .hat o^h    CC " TT™ " dUe ,0 the 

L and appears to he aimost Ppure ph.haUte^Vt tt^^:^    ^cTrs"^^-^"2 

l organic and u!^^^^-^^^ ^^ - - 
. sons the organics could be separated from water «.h!^ me rea- 

L 

L 

for Cl than is water. 

Solvent Extractions 
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Liquid Water Hxtracl ions of Crushed Glasses 

Infrared Spectra 

The infrared spectra of the residue of the water extraction of the seven 
types of crushed gla^s are placed in three groups as seen in Figures 25,   26 
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 baud in the 1350-1450 cm"!  range and a 
strong band in the 1070 to 1180 cm"1  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"* is 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   1 
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 verses 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 spec- 
trum (A) of Figure 27.    The ratio of the band near 1400 cm" > to the one near 
1075 cm-1 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-HjO-Ol) for the group of crushed glass 
experiments.   

This spectrum CG-H2O-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"1 band of quartz. 

Emission Analysis 

Part of the emission analyses values for the residues from the crushed glass 
samples are given in Table 7.    Compared to the system blank (CG-HoO-Ol)     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 these fall in the same groups as 



49 

i 

I 

I 

I 

L 
L 
L 
0 
I 
I 
L 

L 
L 

E 

s 
I 

u-i 

I 
Ü 
U 

P9 

i 

I 
O u 

O 
< 
H 

PS 
U-, 

CM 

g 
o 
M 



so 

E 
o 

I 
^-^ • 

(Q 

I 

I o u 

o 

w 
fu 
w 
D 

P-, z 



5\ 

: 

C 
L 
i 

! 

I 

L 
L "E o 

CM 

I 

P3 

s 
I 

PL. 
I 

ü 

Ü 

'« 



52 

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. 

TABLE 7.    PARTIAL EMISSION SPECTROGRAPHIC ANALYSES FOR 
WATER EXTRACTIONS OF CRUSHED GLASSES 

Sample 

CG-M-1 

Ba 

0. 3 

B 

>100. 0 

Si 

>100. 0 

Al 

3. 0 

Element! 
Na 

>100. 0 

Ca 

7. 0 

K 

>100. 0 

Co 

0. 1 

Sb 

3. 0 

As 

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. 0 100. 0 5. 0 >100. 0 2. 0 0. 5 I. 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-V-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-H2O-01 0. 1 2.0 3.0 0. 1 1.0 0.5 1. 0 0. I 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-l gives an intermediate value for Si,  whi e the 

ThT'f -es
S
t° ^ ^^^ (C:G-V-1 and CG-Q-1) eiVe the lo—' value    for Si The f .st group of samples shows the presence of some Al,  while the rest of   he 

samples apparently do not contain Al since the emission values ar    no g     ater than 
that of the system blank (CG-H20-1).    For Na,  the differences are even more dis- 

group has 50 /ig,  and the third group has 5 or less ^g of this element     Similar e 
comparisons exist for most of the elements listed in Table 7.    It is   ntere"   L to 
no e that Co i. detected in the residue from cobalt glass and that Sb and A. Ire 
detected in the residue from Nonex glass. 

Liquid Water  Extraction of Glass Wool 

The infrared spectra of the residues of the water extractions of ,1,.. 
are shown in Ficure 28      Firr„rn ?« /f     \i    tu 

v'lltil  exiratllons of glass wool 

(r..id.. früm 2So ""r Z£Z I8   Z[ t* £TZ: a TMn<iard ," bla',,, 

water yet ,1 results from a simple w.ter was], „f , pyrex fl.lsk      The 

s ^;^z:;::L-3i;---lrt.^irr^r;s 
pT^:l;^nmo srrr^:1' ;:r«„B:.;:-i r- r i^xf 
aorpfon 1. much stril„^ lhan the |4,0 ^ ^ ^ ^ ^ ^Z^l, 
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FIGURE 28.    INFRARED SPECTRA OF GW-H20-1 (TOP),  GW-P-H?0-1 
(MIDDLE),  AND GW-Q-H20-1 (BOTTOM) 
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of capillary tubes.    However the importanl fad is that these washes give spectrum 
which are qualitatively similar to those of anomalous water preparations      This 
would indicate that at least most of the residue from anomalous water preparation 
consists of material extracted from "lass. 

Carbonate Derivative 

Analysis 

The infrared spectra of the residue of the methanol or ethanol soluble protion 
of NaHCOs 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 l^CC^ absorption is present at 880 cm"1 (top Figure 29), 
(2) some Na2C02 absorption is present (middle Figure 29),   or (3) both NapCOi 
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 (NaHCC^).    In these spectra (Figure 29) the strong 
1625 cm-* band and the CH stretching vibrations in the 2900 cm-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 3 0 
While some of the original compound remains (see Tp bands at 2960,   1625,   1090 
925, and 830 cm-1) most of thQ sample has been converted to iodlum carbonate 
(NazCOa).    Further heating at this temperature or shorter heating periods at higher 
temperatures will complete the conversion to Na2C03.    Conversion to Na2CO, 
upon heating is the known behavior of NalK^,   so the possibility existed that our 
methanol product was a different polymorph of NaHCC^ with some residual 
methanol.    The bottom spectrum of Figure 30 shows the residue from the CC14 

extraction of the heated sample (shown at the top of Figure 30).    As can be seen 
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 complcxed to the methanol 
product. 
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I 

fTrA/n!081 the P0Ssibility of complex formations,   both thermal gravimetric 

.mperat.        (progr d for a ^^"e t^^^V^Ä ^V 
that,  upon heating,  the sample immediately begins to lose weiehT    Wh 1    .7 
are several inflection points (change of rate of weight loss) befte llo C    It U 
near this point that the weight loss proceeds at a rapid rate     TW. • ,     \ 
tinues until near 190 C where further h^tiLl »   . rapid rate COn- 
loss      At 230 r A-♦  f  i       iV.f bating causes very little additional weight 

J- «hown in Figure 32 and represents almost pure NaTco" ""' 'S 

I    was j„hesuu
b

n;r.:ä r*:::1^::^:^1^to as NaHC03 in CH^H) 

dedicated computer, it is possiMe to store the" ma' "MS^S maTe overZ ^ " 

rigure 33.    The amphtude 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 O^ can 

off near SS C, Ja'r Zc\Z ^ZZ ^^not "%£ Z.T" 
31-32) .s seen commg off (Figure 33,  second from bottom) near 110 C anTl/o c 
The «nplltud. are not directly comparable (because of a normalilation factoH 

4i«Ve ™sHfs0H (rss7h
3I-i2)'hr-h^^^^^ 44 45).    This is confirmed by the plot shown at the bottom of Figure 33 wh T 

represents the total ion current for all masses coming off over t^Ystem^rature 
range.    As can be seen in the lower curve the CO, and H?0 peaks at^Tc Ind 55 r 

«2 and 02 of air.    The distribution of these peaks indicates the possibilitv of . 
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NaHC03 in CII3 OH product.     Thus the mass spt-ctra) data strongly indicates that 
there is not enough CH3OII for a NallCOß-CH3OH complex or clathrate and that 
hydrocarbons (larger than CII3) are present (or formed with heat) in this 
NaHC03 in CH3OH product. 

These results led to the use of a computer search system to compare the 
infrared spectrum of the NaHC03 In CH3OH 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 analyses were then performed to ascertain if the unknown was indeed 

O 
sodium methyl carbonate (NaO-C-OCHj).    Emission spectrographic analysis for 
the NaHC03 in CH3OH 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 NaHC03 in CH3OH prod- 
uct could not be a metallic imparity in the original NaHC03. 

TABLE 8.    EMISSION SPECTROGRAPHIC ANALYSES 

Sample 
Elements (mg) 

 Mg Si Fe Al K Ca            Na 

NaH CO3 in CH3OH       <10 10 <t5 <5 10 <5 >»100 
Product 

NaHC03                                 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 NaHC03 in CH3OH product,  one would have to conclude that 
the impurity is either noninfrared absorbing or has the identical frequencies of 
NaO-CO-OCH3. 

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

Sample % C       % H       % N     % Na 

NaHC03 in CI^OH- 1 
I. II 11        _i 

11 11 n      _3 

Average (1,   2,   3) 
NaO-CO-OCILj (calc. ) 

20.2 2.5 <0. 1 26.0 
20.0 2.6 <0. 1 25.3 
21.6 " 

2.6 
— — 

20.6 <0. 1 25.7 
24.5 3. 1 0 23.5 
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In the course of the research it was soon noticed that sample.« of the NaHCO, 
in CII3OH product showed changes when left standing in air for a period of time.    In 
order to study these changes,   films of the NaHCC^ in CH3OII 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) 

0 shows traces 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-1,   indicative of 
carbonate formation.    After five days (Figure 3 5b) the 2940 cm"1 band is stronger 
then the 2965 cm-1 band and both the 870 and 1448 cm"1 bands have increased 

L in intensity.    After seven days (Figure 35c) the 2965 cm-1 band has almost dis- 
appeared,  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 cm-1.    All of the remaining bands of 
the NaHC03 in CH3OH 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.    ßy 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 CH3 (2965) of the original sample 
to absorption bands typical of a hydrocarbon chain (CH3 at 2965 cm-1 and CH2 at 

L 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. 

[ 

t 
L 
L 
L 

Since oxygen may accelerate or catalyze the decomposition,  a fresh sample 
was placed on an infrared 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 3 7,  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 increasing amounts of carbonate and the 
appearance of a new CH band at 2940 cm-1.    After 12 days (Figure 38,  top) the 
2940 cm-1 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 (296 5 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 143 5 and 880 cm"l in the vacuum 
sample)      Figure 40 shows a comparison of the 24 day air sample and vacuum 
sample which more clearly demonstrates the same difference in carbonate fre- 
quencies.    Thus while both samples decompose to a carbonate,   each decomposes 
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!nPVHflref
rent.Carb0nate Pr0bably different Polymorphic fo ing a different amount of water of hydration. rms or species contain 

Extraction 

A fresh sample of the NaHCO^ in CH nw J 

spectrum of „hich I. shown in Hgu» 41 (^)    "TI      "", """"'^  'he 

in air for a period of about 21 davs     ThV        \ /ample WaS allowed to "•"'i 
shown in Figure 41 (bottom)      From ftU ™ t ""V ,hiS 21 day 0,d —P1" " 
is still some of the -igina/sa^l f moTrfTha/r '" ^ ^ Whi,e th^ 
bonate.    Also not as much of the W™ /,,„       decomposed to sodium car- 

of the previous samples ,FIgure36E ZuT^"*? T [ WaS '°r™'i *' l" — 
the samp.e „as extrLtei fi^st witt Cc",-d h „: th CHcl' ^ ^ '' ^ 
residue from the CHC1, extract and K.rr-,       ! CHCI3.    The spectra of the 
and bottom respectively     On!v a sm^. 4 * "" ShoWn in FiSu" 42. top 
extraction,   while the spec^rl ofThe C^01"".     reSidUe WaS P"^"' '» "* 
it is significant to note that oT orga'ics   L T"   •"V"— Weak »"«"P«»«, 
2900 cm-1, are present,  and Soe rganl ta re Tvdro'carl,^ abSOrPti0n "=" 
polar groups (no C-0 absorotionsl     TbT       J   hyd-ocarbon in nature with no 

both Na2C03 absorptions -d'^rptlt7rom t^ 'NTHCS'^HTH"' 
S.hOWS 

However the CH bands (near 2900 rm   h u  mHC03 m CH3OH product. 

sample indicating extra'c.i" l^X-ZT-nZ iT/Z^ '" *' "^ 

The residues from the Cn,. a«^ r-u^i 

to mass spectral analysis.    TheImpie wa Ve^': Were COmbined and SubJected 

resolution mass spectra were taken ./ at a Programmed rate and high 
near 50 C,  near 150 ^ 20^C «t Z      f ^"'^^    These ma- -Pactr. 
tively.    The primary difference ^enTn   tf1"      ^^ 43'  "' ^ 45 resP-- 
temperature is raised more fr'men" „fT [lgUreS iS the exPected °™ ' " the 
However the important facts   o b^lt ^e/frtm ^m  nUmberS ^ deteCted-    " 
clearly apparent from the figures      The hi.h ^ th

i
e
f

maSS SPertral ^ "e not 

computer programmed to haLL the Je high re^ n l?^,0/1117 ^^ ^ * 
the most probable empirical formula for each    K. l0WS 0ne t0 Predict 

empirical formulas it'can be dVÄy .h^ ^rr^ ^^ Peak-    Fr0m these 

a complex mixture of hydrocarboTol cTnd H) of SamPieS are P'1™'^ 
up to C20.    A small percentage (no greater than 10 J"'"^      "" ^"^ ^^ 
taining C,   H, and O.    At 40 C mo,to{thI\JT Percent) *™ fragments con- 
lower,  while at 150 and 200 L f ^drocarbon fragments are Cn or 

data alone do not est^bL^d ^ t^yXl^^.H^rr8 ^ ^    ^ ^™ 
unsaturated,   but the infrared «UU   Lgu^S LS^f j;0k

Carb0n fragmentS are 

appear highly likely.    Thus the NaHCO^n CHVOH ^V •0me "saturation 
tains only methyl groups) goes throuehVL      '        ^       Ct (Which "^»"V con- 
converting CH3 groups'to CHWC^?- hvdrcTTS      ^ meChaniSm Which involv«- 
Hkley unsaturated hydrocarbons      '        hydroca^n chain.,   some of which are 
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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" consis ts mainly of material extracted from glass and 
residues from the water itself and (2) the chemistry of the formation and decom- 
position of the NaHCOß in CH3OH product coupled with some of the analytical 
results of the anomalous water research indicates the probability of the ocour- 
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"1,  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"1 arise from Si-O vibrations and those 
between 1120 and 1140 cm-1 are S-O frequencies.    In the 1400 cm"1 range,  the 
frequencies above 1400 cm-1 could be explained as carbonate vibrations and those 
below 1400 cm"1 (near 1360 cm"1) 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 H20-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 NaHCOß in 
CH3OH product shows a strong 1620 cm"! 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 NaHCC^ 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,  a.1l preparations of anomalous water showed the pres- 
ence of small amounts of organic material in the form of CH2 and CH3 groups. 
Other workers^) have postulated that these organics resulted from the absorption 
of perspiration aerosols by glass.    Under the "clean" conditions of our experiments 
this seemed unlikely.    The behavior of the NaHC03 in CH3OH product offers another 
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explanation.    Since during the decomposition of the NaHCC^ 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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APPENDIX A - SAMPLE NOTATION 

LW-H-O-OO Blank,  the residue obtained from just the water used for the 
liquid washings. 

LW-H O-01 First system blank for the liquid washings with water,   i.e., 
water extract of baking dish,  flask,  and vial. 

LW-H_O-02 Second system blank for the liquid washings with water. 

LW-H-O-l First liquid washing of pyrex capillary tubes with water. 

LW-H_0-15 Fifteenth liquid washing of the same pyrex capillary tubes with 
water. 

H-O-CP-l First preparation of anomalous material from water using the 
cleaned pyrex tubes from LW-H2O-I5. 

H_0-CP-8 Eighth preparation of anomalous material from water using the 
same cleaned pyrex tubes as in H2O-CP-I. 

H-O-UP-l First preparation of anomalous material from water using 
uncleaned pyrex tubes. 

a 

H-O-UP-7 Seventh preparation of anomalous material from water using 
uncleaned pyrex tubes. 

H_0--P-1 First preparation of anomalous material from a 3 percent 
H2O2 solution using pyrex tubes. 

H-O  -P-1H Sample H2O2-P-I after heating in air at 400 C for 60 minutes. 

LW-Pr-00 Blank,   the residue obtained from just the propanol-1 used for the 
liquid washings. 

JLW-Pr-Ol Blank,  apropanol-1 extract of Saran wrap. 



I 
A-2 

LW-Pr-l rir.t liquid washing of pyrex capillary tubes with propanol- 1. 

LW-Pr-2 Second liquid washing of pyrex capillary tubes with propanol-1, 

VW-H20-1 Fircf vapor washing of pyrex capillary tubes with steam 

VW-H20-12 Twelfth vapor washing of pyrex capillary tubes with steam. 

CG-N-1 First water extraction of Nonex crushed glass. 

CG-7052-1 First water extraction of 7052 crushed glass. 

CG-C-1 First water extractoin of cobalt crushed glass. 

CG-P-1 First water extraction of pyrex crushed glass. 

CG-U-1 First water extraction of uranium crushed glass. 

CG-V-1 First water extraction of Vycor crushed glass. 

CG-Q-1 First water extraction of quartz crushed glass. 

CG-H2O-01 Blank,  residue from water extraction of flask used for crushed 
glass extractions. 

GW-H20-1 Blank,  residue from water extraction of flask used for glass 
wool extractions. 

GW-H20-2 Second blank,   residue from water extractions of flask used for 
glass wool extractions. 

GW-p-H20-l First water extraction of pyrex glass wool. 

CW-P-H^O-Z Second water extraction of pyrex glass wool. 

GW-Q-H20-1 First water extraction of quartz glass wool. 

GW-Q-H20-? Second water extraction of quartz glass wool. 
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