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ANALYTICAL TECHHIQUES FOR IDENTIFICATION AND STUDY
O ORGANIC MATTER IN RETURIED LUHAR SANMPLES

NASA Contract HAS 9-7889
October 1, 1568 — March 31, 1968

Introduction

h broad base of experigpnce in organic geochemistry and orgaric mans
spectroretry 1s layving the foundation for the analysis of organic material
in the returhed lunar samples. The emphasis in on the utilization and
developmenl of computerized mass spectrometry 2% a most sensirtive and

versatile tool for the identification of organic material.

Making up the fixst part of this report are studies in organic
aeochemistry which deal with the isolataon and aidentification of
individual organic compounds from varicus éypes of teFrestrial and
extra-terrestrial samples. The diversity of tne samples and compouwnd
classes studied has added substantially to our knowledge in this area.

A particularly fortuitous occurrence was the fall of a meteorite near
Pueblito de Allende, Chihuahua, Mexico. Our experience with this exira-
terrestrial sample will provide a model sample in preparing for the

analysis of the returned lunar samples.

Closely associated with the geochemistry program axe investigations
into the fundamental nature of fragmentation processes occurxing in tae
1on source in the mass spectrometer., The second part of the report
consists of thesc organic mass spectrometry investigations, including

both electron impact and £ield ionization phencmena.

The next two sections of this report are intimately associaled with
the Apollo program. The development of a computer-coupled low resoclution
mass Spectrometer system for the Lunar Receiving Laboratory is duscribed.
This system will perform in the praliminary analysis of the returned
lunay sample. A detailed report on the oxhaust gag‘sdmplzng from the.

lunar module descent engine follows,



buring this pertod cur facilities were expanded b include o new
Ma8s spectromcters whose essential analytical functions sre desvribed in
rhe iast secton of this report. The plarned r~leanroom facility,

necessary for lunar sample analysis, is also discussed.

I.  ORGANIC GEOCHEMISTRY

Organic Analysis on the Pueblitpn de Allende Meteorite

On .Fehruary 38, 1969, a meteorite fell near Pueblito de hllende,
Chaihuahua, Mexico. An elemental analysis of Eragments of 1L, cnllected
shortly thereafter, was published [E. King et al., Science 163, 2B (196 |
and showed thal it contained carbon to an extent of approximately 0.3%.

In the meantime, samples of the meteorate were collected by one of us
{B.R.5.). The largest meteorite fragment obtained was 13.381 kg

{cf. Figure 1) with smaller specamen of 2.475% kg, 1.706 kg, and 0.453 kg.
The smaller fragment (Figure 2] weighing 2.475 kg and having a fosion crust
over 1ts entirg surface was used for the organic analysis. We report here

the preliminary analysis for certain organic constituents in that sample,

which was collected on February 15, 196€9.

The surface of a 240 gram portion upon which the analysis was to be
performed was first rewoved to a depth of about 1/4 inch, including all
of the fusion crust as well as an approximately equivalent thickness of
the fresh break which represented ore surface. This operation, and all
succeeding operations, were carried out in a clean cabinet through which
a filtered air stream was passing continously. The chips and center

pie&e were analyzed separately.

The extractable organic compounds are shown in the chromatogram in
Frgures 3 and 4; in each case the A chromatogram represents the analysis
of the surface chips and the B chromatogram represents the analysis of
the interior of the sample. The surface chips contained 0.} and 0.5 ppm,
as indicated specifically in the figures, while the interiors contained
0.001 ppm as indicated. The identity of each peak was obtained by
combined gas chromatography-mass spectrometry (Aerograph 201 ~— CEC ALL
%S5, 12 and PE 800 — PE 270)., The chromatogram of the orgunic extract

ubtalled trom HF-EC1 disgolution revealed no organlic material whatavever,
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PUEBLITO de ALLENDE

METEORITH
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Whtoh it stes e polar orjeantca are boond ta, 6 tTapped i Bhe fabesral

wACriA 33 metal usalti,

I 19 quite c¢lear that the arganic Fﬁtﬁr:dl teund in the nurfave
layer of this seteor:te 1 of bioleyical origin and can hardly b ot
thiin tericetrial contamination acguired even in the short peiled of i
wallab)oe to the metcorito, nasely, between its {311 on Pelraary b, 196,
and its coullection on "ebruary 15, 1969. The speed with whach this
contamination was acguired and the diversity of the material cuntained
it that contueminaticn make doubtful any interpretation of suh organie
raterlals as have beoen found in meteorives of unknown, or at least
cunaiderably lenger, terrestrial histery. The presence of the mono=
unsaturated Cyg fatty acid (ef., Fig. 4) in the Pueblito de allende
meteorite iz additional confirmation of recent contamination, Furthenmorg
this exercive in analysis of rock racently acguired on carth mikes all the
mare clear the need for the extreme precautions that are being taiten in

preserving the inlegrity of the returned lunar sample.

Work is continuing on the organics derived by chromic acid oxidation
of the carbonaceocus concentrate from the demineralization. A soil sample
from an impact crater is also being examined for its contribution to the
organic contamination. = A more detailed examination under clean room
conditions is planned on a larger sample where it is then possible to
esamine the organic matter at various depths within the sample. Various
pyrolysis experiments, both here at Berkeley and at the LRL in Housten,

are in progress,

Optically Active Steranes in a Miocene Crude 011

Cptical activity is the abilily of a homogenecus sclution of & chemical
compound to rotate the plane of polarized light. It is due to centers ot
agymmetry in molecules, It is possible under wvoery special and vare condi-
tiochs Lo generate ssymmotric molecules by purely physical meang. However,
living organisms perfomm this synthesis routinely. fThus, the existence of
optivally active substances in g material is uvidence of the jatervention
of the chemical process of cells. This evidoncs iz strengthaned wen, av
will Lo shown, the wolecules responsible for the activity bhave tore

structural relattonship to known celil biochemicals,



e Gpttoal webivity uf tony fotrule cos 1s od e gy oserdy - T Byt
poarlsng saturated npdreaart ne, obe poolosole” B e ncable w1 daene 3
tor futder Uy slerane wnld trlterpess tiuctaive, alllovin 37 i4¥ b 'y o w
cpe trfie g poande have teesn Tepurted in the laterature. Lledbocwdel i
LRty are ub oygreat Wrpertofve ad fouell baretavato ala D ther v b 1wl
o ademintey of anetent Loz strtal sedd satary e ke oot a b
trpv “anen thoweturnted lunay nisterial.  The optically astave ftastivn-
of petrolevm are extremcly cunplex pixtures and the separation of it
tpectes from thew o & major problew. in order to 1isat the rapatat
©1 thw piwblhuia, attanglen nas Lheen fovuec oo mueblend o k- octatar g ey e
hydrocarbong, The obvious gtructural relaticaship belween o ©ediomn
steroid, cholecterol, and a sterane hydrocarbon i1s shown 1n Figure s,
The o types of steranes considered in this work correcpond te the oo
anct Y B steroids encountered in living crganisms. iheds Juooers diifex
only 1 the slervochemsstry of the juncture of rings A aud I there 1.
a vast chemical and biological literature on the steroids, but a raon

«maller one on the steranes.

This report describes progress on the developnont of a procedurs
for isolating sterane hydrocarbons in samples of organic geochenmical
intervst. A crude oil was selected for the nitial development in nrder
to have relabively large amounts of material available. Dr. George
Phillippi of the Shell Cevelopment Company, Houston, Texas, kindly
provaded a large sample of a Miocene crude oil from a producing well 1n
the Los Angeles Basin, Celafornia. It had been shown by mass speotrometzis
type snalysis that this erude oil was rich xn four-ring saturated niydiu.arb e

and would be highly sultable for initial work.

The work has been greatly facilitated by recent advances ik the sresures
ment of optical activity. The Bendix~Ericson Automatie Polarincter is
vapable of routinely detecting 0.001 degrees of cptical rotatiun., With
special care, it 18 possible to detoct 0.0003 degtees. Liddks makew poacidle
the weativrement of samples that are ona to two orde:wrs ol meghitusde

waalter than those used n conventional polarimetry. :

Anovutline 6f the procedure that has evoelved a8 o, fallows g0 -
1solation nd an arcmatie free, saturatea hydrocartsnn fii: tien iy amphoed”

= oE
H

proecigotation, nilice gel column chromatoguaphy, Troatewmnt witho o

Egrfe) wuliunrie acid , and slumins column onfumatograehy, f Y der a0 oF
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nortal alkanes by urea adductination. (c) A simple disntiilation of the
samples into two fractions, a low boiling one from Ciy to Cze aud a high
boiling fraction with carbon number greater than 24, (4} The tlidourea
adductination of the low boiling Cjs to Czy fraction in order Lo concen—
tyrate the 1soprenoid hydrocarbons, which are the major hydrocarbon
constituents of the oil., (e} The fractionation or the low boiling
rhiourea adduct into twenty—four narrow boiling fractions. A semip-micEo
vacuun spinning band distillation column vas used. {f) ‘The Eractionation
of the high boiling hydrocarbons into fourteen narrow boiling range
fyractions. Six of these fractions contain over eighty five percent of
the optical activity in the crude oil. (g) The thiourea adductionation
of the six high boiling Fractions containing the highes concentration of
optical activity. (k) The initial concentration of four ring hydrocarhons
by chromatography with a 12 foot by 1/2 inch coluiin of Sephadex LH-20
using acetone-tetrahydrofuran, 1/1, as expandexr and eluant. (i) Turther
€ractionation of the concentrates from (h) on a 25 foot by 3/8 inch
column of alumina using Bexane as eluant. (J) The isolation of major
components in fractions from (step i} by preparative gas-ligu:rd chromato-
graphy usang 1/8 inch diameter packed columns, (k) The identification of
single “peaks®" from (i) by capillary-column gas chromategraphy and by

mass spectrometxyy.

An indication of the complexity of the mixture is given by the fact
that this lengthy separation procedure has yielded small amounts of

optically active steranes of GO to BO percent puraty.

Several poants, which have shown up durang the development of the
procedure, ars of interest. No optical activity has been detected in
the fractions isolated in (step e). Gas chromatography has shown that
three of them are greater than seventy percent phytane and three of them
are rich in pristane. The specific rotations of those fractions are less'
than 0.03 degrees per Geclmeter per gram per milliter. This contrasted
to specific rotations of 4 or greater in the high boiling fractions of
(step £). 1If the phytyl side chain of chlorophyll 1s the source material
for the i1soprenoid hydrocarbons pliytane and pristane, one would expect

them Lo be optically active. - A different source material and routa to

phytane and pristane 1s indicated.



1l

The experience in {step g}, the thiourea adinctinition of sturanes,
is similar to that of Eglinton, tvho worked in this laboratory -several
yYears ago. Certain steranes unexpectedly form stabile thiourea addurts.
One would predict that they are teo large to fit in the channels of tne
thicurea crystals, studies in this area are hampered by the lack of
synthetic, pure, ring hydrocarbons. Careful analysis of the adduct and
non-adduct fractions in this work may give valuable information on the

structires of aiduct fomeing molecules,

The fractionation of hydrocarbon types by long alumina celumns have
worked surprisingly well (step i}. The separations possible are
illustrated by Figure 4. f%his type of column works well only at very
low sample to substrate ratios and is necessarily the fanal step in the

scheme.

Gel permeat:ion separation of cyclic hwdrocarbons is a relatively new
technique (step h}. Preliminary rons indicate that a marked enrichment of
steranes is possible. The determination of the aciual column length and
the through put possible are being determined with pure synthetic hydro-
carbons. The success of the separatron scheme depends on the routine
repreducible separation by column chromatography steps. The other

operations seem to be rather straightforward.

The state of the experiment is best shown in Figures 7 and 8. The
major peak in the high resolution caparllary chromatogram corresponds to
Su-cholestane and the major fragments an the mass spectrum are consistent.
lowever, there are at least two other higher homologues present. None of
the peaks of the gas chromatograms corresponds to known isomers of
ergostane or sitostzne. BHoth the 5 & and 5 B isomers of these compounds ar
widely resolved from Su-cholestane, The specific rotation of a 2 milligram
sample of cholestane isolated by the procedure outlined measured 16 2 2.
The literature value is 24, It is possible that compounds isomeric in
the ring skeleton or the side chains are present. Their separation and

w

1dentification will presenc a great challenge.

The results, so far, are promising. During the next six wonths, 1%
1% proposed to do the following.. The separations and identificetions will

be develonad 1mra a wmitinn aed eao 3o e . —
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FIGURE & .

Separatien of a mixture of normal octacosane, squalane, Su-cholestane,
and 5&-cholestane by alumina chromatography. Twenty milligrams of the
wixture in hexane was placed on a dry column of 100 — 200 rzsh alumina
25 foot in length and 3/8 inch diameter. The sample was eluted with
hexane at a rate of about i ml per minute. A pressure of 10 psi was
used Lo force the eluant through the column. Fractions of 10 wl cach
were coliected in an automatic fraction collector. Concertration of
each component, 1n the fractions was determined by gas chrowatography.
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will ke scaled down for smaller sanple size, 1n principle, «l) of the
stepr linted will worh in the milligram range. &G nany ol the opticatly
active sterancs as possible well be identified., High regolution nuclear
magnotic resonsnce may he halpfol. The position of the recotance Jdae

to khe O~1Y nethyl group has kuen shoun to be dependent on the steross
chemistry and substituents of the ring skeleton. A m2asurcaent of the
optical rotatory dispersion, the variation of optical activity with

wave length of the polarized light, would be interesting. All woasuroe-
ments have been made, So fax, at the wave length ot the sooow. b Tine.
Although the dispersion anomaly of saturated hydrocarbons ocours in cha

_ vacuum uitraviolet and is inaccessible to commercial wnstrun.nis; it has
been reported that certain high boiling petrolewm fracticn have o digpez-
sion that is much greater than expected from known sterapes. 1f Lrue,

it would make possible the detection of optical activity with a sensitivity

an order of magnitude greater than is currently possible.

The necessary pure synthetic compounds needed for Lhis work are Lot
readily available, The synthesis of S0~ and 5B-srgostane and sitostane
will be attempted, starting with readily available steroids and using
well studied synthetic reactions. A search for steranes with three to
six carbon atoms in the side chain at C-17 can be made. The correspongd-
ing steroids of living organisms are rare, and this would give informatiun
on the transformation of carbon skeletons during the generat:on and

maturation of petroleums.

The high boiling hydrocarbons from the Green River Shale will be
igolated and separated. A number of these compounds have been identifigd
in this lahoratery the past few vears., It is known thal triterpanes
with 5 rings are present in it. This will give an opportunity to scd if

the separation scheme can be extended to other hydrocarbon classes.

Green River Formation 011 Shale Bases

The alkanes and carboxylic aclids found in the Green River Formst san
0il shale have baen discussed in earlier reports. This 15 L& cavar the
preliminary results of an examination of the bases axtracted Jdires 1Y

from oil shale both before and after demineralization. Foth high el



low resolution mans spectrometry was utilized, fhyure » Lilvutratey
Paxt of theas dita, a high recoluticn orochray of b titsl b e
frolated {20t g end - et s DenErce/metha 21 e tract of this nil rhale,
anl Flgure 10 shewy sinilar data for the total baces 1rolatoed frove an
vxhaustive benzonc/mothano] extract of this ghale after Gewiner zleesation,
The spectra cbtained at 70 ¥V, contain boih molegular and fregoant 1605,
and an interpretation in terms of the molecular specics present can only

be tentative.

The exhauctive extract baucs vere also chixgnatogrephed {Fijure 11)
«nd are to be examined by GC-#S. The most abundant homologous gserics
found are alkyl quinolines (Structure I) or isoquinolines, CnHEnmllﬁ for
no= 918, with m = 12 as maximum. This series is also ifurther

R = alky!

substantzated by the fragment ions due to loss of a methyl radical

2n-9

n = B — 20 and alkyl pyridines (Structure IXI), CnHZn-SN forn =6 — 12

are 1ndicated present in significant quantity by their molecular ions.

C Byl for o= 10 — 22, Alkyl indoles (Structure II), c H 1 for

P
N /r“-f’ R = alkyl
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the fragment ions from loss of CHie Cnnzn-BN for n = B ~ 14;

I} alkyl nepthoguinolines (Structure vy, cn“Zn-”l“ forn s« 17 - 22 and

R o= alkyl

v

the CHi loss frigments, Cnuzn_zzﬂ for n » 18 = 22; and
c) alkyl carbazoles {Structure VI}, CH N for n = 12 ~ 14.
n 2n=-15%

Ro= alky)

Vi

An interesting qroup of intense iona-can be digscernad in the C/H 12

plot of Figure 9. The homologous series of cn“?n—lb“i for n » 1& — ki,

with n = 14 as maximwes can be thought of as breakdown product uf porphyite



Structure VI1 can be drawn for n = 14 and Structure VIII for n = 17.

b
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VII VIII

These molecular ions are also further substantiated by the scraes of

fragment ions due to CHsz. loss, CnHZn—11N2 forn = 13 — 17.

The bases isolated from the demineralization extract are a sirpler
mixture as can be seen from the C/H H plot of Figure 10. again the najor
constituent serics is the alkyl guinolires (Structure I}, CnHZn—llN fox
n =9, 12 —23. In smaller amounts are found: a)} alkyl pyridines
(Structure IIX}, anZn—SN forn = 5 — 8; b} alkyl indoles (Structure II},
cn“2n—9N for n = 8, 11, 15, 18, 20, and 22; and c) alkyl tetrahydroguinolines

{Structure IV), C H N for n = 9 — 11, 13 and 15.
n 2n-7 i

11. ORGANIC MASS SPECTROMETRY

Detection and Identification of Ketocarboxylic— and Dicarboxylic
Acids in Complex Mixtures by Reductive Silylation and Computer-
Aided Analysis of High Resoluiion Mass Spectral Data

Successive solvent extr}ctions of an oil shale {rom the Green River
Formation (a) prior to chemical, (b) after demineralization with BF/HCI,
and (c) after chromic acid oxidations of varying duration yield complex
mixtures of similar classes of compounds, The acidic fractions of these
mixtures were found to consist mainly of aliphatic monocarboxylic and
dicarboxylic acids, with aliphatic ketcacids and arcmatic carboxylic acids
being present in lesser amounts. The presence of the ketoacids was deduced
from high resolution mass gpectral data determined on the total acid fractions
after conversion to methyl esters, in particular hy inspection of the

pertinent C/H O3 and C/H O lons.
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To confirm the presence of ketoacids independently and, more impor-
tantly, to furnish conclusive irformation regarding the position of the
ketofunction within the rliphatic chain, chemical transformation speci~
fically affecting this group was carxied out. DReduction of the e¢ster
mixture with sodium borchydride {vse of sodium borodeuteride would eliminate
ambigurties in the case of hydwoxy acids originaily present in the mixture)
resulted in the guantitative conversion of the ketoesters to hydroxy
analeogs, leaving any diester components unaffected. The hydroxy constit~
uents were then silylated which resulted in greater volatility and a
simplified mass spectral fragmentation pattern. In addition, silylation
of the hydroxy function introduced a new hetero-atom into structurally
significant fragment ions which were unambiguously detected in the high
resclution mass spectra and ideally suited for computer search and pre-

interpretation.

This procedure is well suited for application on a microscale and
serves specifically for the detection of ketoacids in the presence of
other carboxylic acad constituents. In addition, it yields conclusive
structural information regarding the position of the oxofunction. In
particular, the suitability of the technigue to computer-aided data
analysis and interpretation should also permit 1ts useful application

to biochemical areas, e¢.g., lipid znalysis of similar complexity.

Further methods of mixture analysis via chemical derivatization

computer—automated search and preinterpretation are under development.

Ring Contraction in Molecular Ions:

Nitrogen-and Oxygen-Containing Systems

The proclivity toward ring enlargement and/or contraction of alicyelic
stractures 1s well known from solution chemistry and seems to be paralleled
to some degree in mass spectrometric fragmentation. An illustrative
example of ring contraction has been encountered in the fragmentation
of M-acetylmorpholine,* particularly evident from the rather unusual
genesis of M-15 and M-43 1ons. While the formation of the fiyxst frag-

ment 1mplicates a carbon atom adjacent to nitrogen plus a hydrogen atonm

*J. M, Tesarek, W, J. Richter, and A. L. Burlingame, Org. Mass Spectrom..l;
139 (1468), see preceding semi-annual report.
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from the neighboring position, the formation of the lattur snvolves loun
of the N-acetyl subsiituent as a single unit rather than the corgun two-

atap loss of hydroyen and Xetene:
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In order to determine effects of medified ring size and omission of the
second hetercatom upon ring contraction, a Series of related model com—
pounds, mainly N-acetylpyrrolidine, -§ipex1diae, and -~hexgmethyleneimine,
has been studied iy this context., The anticipated enhancement of ring

contraction wath increasing ring size was in fact observed.

Evidently, ring contraction in the smallest member of this series,
H-acetylpyrrolidine, 1s of little significance, because of a Strained
four-membered cyeclic transition state to be traversed. The methyl
radical expelled originates exclusively from the acyl substituent rather
than the zing moxety, and the loss of CxHi0 ogours as a two-step process
implicating a ring hydrogen atom together with a neufral ketene molecula.
In contrast to this behavior, the six-membered homolog, N~acetylpiperidine,
dacidedly exhibits operation of ring contraction in spite of strong combe-
tition from other fragmentation. Analogous contraction, to & six-membared
intermediate 1on, is observed in N-acetylhexamethyleneimine, as Can be
concluded from an anslysis of the corresponding M-15 and M-41 fragments.
Involvement of C-N bond cleavage and loss of an G-carbon atom 1s deduced
for the formex fragment from a study of desterated analogs. Tne H-43
fragment can be shoun to arise from the eilection of the acyl substiluent

as an inlact unit in competition with a two-step alternative.
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Another obvious exitension of these studies concerns similar contraction
progasses in analegous oxygen-containing heterocycles. Tetrahydropyrat,
simplest representative of such a sefies, fails to exhibit a comparable
behavior, most probably due to rapid loss of formaldehyde fron the molecular
jon.* Introduction of a vinylic double bond was employed to crrcunvent
the shortcomings of this model. A moxe prominent ¥-15 pezk 1s indeed
displayed in the spectrum of 2,3-gGihydro-{H-pyran. The importance of
this peak is enhanced upon fusion of an aromatic ring te the pyran system.
Deuterium labeling of the alicyclic portion of chroman has revealed

a-carbon atoms as the primary source of methyl radicals expelled:

Sy Tl
i

¢ - "
Q"0 — L0

€43,

as might be expected, anr allylic site of unsaturation, as is present in
1sochromnan, allows excessive formaldehyde loss which renders thas igomer

incapable of recyclization. However, loss of a methyl radical represents

*R. Smakman and T. J. De Boer, Org. Hags Spectrom., ., 403 {1968).



the almost cxelusive node of decomposition in the case of bunzoxazepin:
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The gencration of a highly stablized benzpyriliuvm ion provides unigue

drivainy force for this process.

The rupture of a bond linking carbon to a heteroatom marks an event
an fragmentation which is, in principle, cenceivable as proceeding -
through two alternatives of direct cleavage, homoiysis. and heterolyers,
or through a more ccmplex sequential process, as above. Another example
of this latter possiblity is reflected in certain features of the frag-
mentation of N-acetylpyrrolidine and closely related systems. Contrary
to expectations based on the behavior of the free amine, determination
of the positional origin of the atoms involved in ejection of ethylene
from the molecular ion revealed, an turn, a loss of a carbon atom

adjacent Lo nitrogen:
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Abstracrion of hydrogen from one of the positions adjacent to nitrojel
triggers the expulsion of ethylene with rupture of the carbon-nstiegen

Lbond; carbon atoms 2 and 3, with an intact hydrogen envizomnent, aie



st et Iy exXpelled, ratber than carbon atonw @ and 4 whion s owuid b
A evied ar g result of amine-directed d-cleavage . Gporatien wf g
rentpet 2y amine-dirvected procesd can bu uS‘erth:nQa onuly from prom t-
wi fuarther decomposition;  iohs reouwlting from d-cleavage teadedy tr i~
tent fumtlaer by loss of ketene and hydrogen. Anather genalr ot carlonyl-
vyl eredd hydrogen obstraction can be scen in the forsation ol *i=1 pone
by loss of hydrogen from pesitions other than those-adjacenl %o nitrogen,

The same observations are found to apply to acyl substituents with lorge

alky} chaang, i.e,, H-propiomrylpyrrolidine and M-m-butyvryliyirolzdine.

Extension of these studies are planned to delineate in moxe decail

the scope as well as the limitations of such fragmentation.

Field Ion Mass Spectirometry

$ince the last report, the combined f£ield ionization/electron impact
ion source has been improved in several ;espeéts. These include the use
of electrically etched piatinum foil instead of a razor blade as emitter,
resulting in larger and more stable ion currents. The sensitivity
attainable waith the current version is in the range of 107 — 107 ° amp/torr
with acetone as test gas. 7he current is measured at the beam monitor
of the CEC 21-110 mass spectrometer and pressure determined at the ron
source housing. Sensitivity was found to depend strongly upon a parallel
alignment: of the emitter and the slit in the cathode {repellers). The
former experimental layout of the pover supplies for field 1onization
kas been rebuilt to allow simple operation of the ion source in either
of the modes {field ionization or electron impact) with easy, fast, and

convenient change from one mode of operation to the other.

Buring the course of investigation’ of the behavior of organic compounds
1n ihe field ionization source the following observations have been made.
fiydrogen rearrangement is known to be a2 rather ubiguitous occurence in
the organic molecular ions produced in electron impact induced fragmantalion.
In field 1on mass apectrometry, addition ox loss of ont hydrogen atom,
cbuerved only for molecular iong, was shown to result from an interactivn

with an adsorption layer on the field cmitter by intemrmolecular transion .
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cunagpient 1y expelled, rather than carbon atcns 3 and 4 which wouly be
wxpucted an a result of aminc-directed o-cleavage. Oporation of o
vampeting amine-directod process ecan be ascertalned aunly Tror prodact,.

of further decomposition; ions resulting from a-cleavage readily firag-
went further by loss of keiene and hydrogen. PAnother rosult of carbogyl-
triggered hydrogen abstraction can Le secn in the formaticon of -l e,
by loss of hydrogen from positions other than those adjacent to nitrogan.
The same observations are found to apply to acyl substituents vith longer

alkyl chains, i.e., N-propionylpyrrolidine and N-n-butyrylpyrrolidire.

Extension of these studies are planned to delincaie in more d-tail

the scope as well as the limitations of such fragmentation,

Field Ion liass Spectromatry

Since the last report, the combined field ionizaticn/clectron mpact
ion source has been improved in several respects. These include the use
of electrically etched platinum foil instead of a razor blade as emitter,
resulting in larger and more stable ion currents. The sensitivity
attainable with the current version is in the range of 16"7'— 10 ¢ amp/torr
with acetona as test gas. The current is measured at the heam monitor
of the CEC 21-110 mass spectrometer and pressuxe determined at the ion
source housing. Sensitivity was found to depend strongly upon @ parallel
alignment of the emitter and the slit in the cathoede (repellers). The
former experimental layout of the power supplies for field icnization
has been rebuilt to allow simple operaticn of the ion source in either
" of the modes (field ionization or electron impact} with easy, fast, and

convenient change from one mode of operation to the other.

During the course of investigation of the behavior of organic conpounds
in the field ionization source the following observations have been made,
Hydrogen- rearrangement is known to be a rather ubiquitous occurance in
the organic molecular ions produced in electron impact induced fragmantation.
In field ion mass fipactrometry, addition or loss of one hydrogan atca,
observed only for molecular ions, was shown to resull from an interactien

with an adsorption layer on the field emitter by intermolecular trancior.



Fragmentation due to internsl hydrogon resrrangement was clalbed to b,
negligible as s result of rates too low Lo successfully frrecs dae rapad
tivld disdociation (< 10 '} soc),  Accordingly, the occurwvies ot duch

processus was raflected only in the sppocrence of melastable tens.

Recent studies in our laboratory, howover, have nhown thal e jen
fuarrasgenent can occur in properly substituted esters to an anpreciai-le
extent prior to or concomitant with dissociation. Results demonstrating
the degraee of specificity of the rearrangeingnt process as well as its

dependence on structural prerequisites have been ghtainoed.

HI, COMPUTER-COUPLED, LOW RESOLUTION MASS SPECTROMETER SYSTEM
Introduction

This section deals with the development of a comphtcr—coupied, low
resolution mass spectrometer system. %he system 1s designed for a pre-
lLiminary investigation of organic matter in returned gamplea, from the
#pollo program. Presently installed in the Lunar Receiving Laboratory
at the Manned Spacecraft Center in Houston, this system has been de-
veloped 1n collaboration with Pr. K. Biemann at the Massachusetts
Instituté of Technology. The M.I.T. Group has responsibility for the
development of the mass spectrometer and associated sample introduction
systems. Dr. A. L. Burlingame has responsibility for the development of

the computer system and programming for data acquisition and reduction.

Hardware

The computer system and associated peripheral equipment were dig~
cussed in the previous semi-annual xeport. This system 18 essentially
Conplete. System #1 has been shipped tu M.I.T. and tested with a
duplicate of the masa spectrometer system. These tests resulted in
sevural changes in the various programs for data reduction, and indi-
tated the necessity for a few minor changes in the methods of soan
vortrol and Ms-computer interfocing. In general, thoze praliminary tosts
were quite guccessful, and {ndicated that the expoeriment as conceived
could Le carried out successfully without any majer changes in olther the

Lenputer or nase spectrometer harduare.



System 61 was shipped-to LRL in Houston shortly pelore Fobguary 1.
The corguter fteelf survived all its travels gulite woll, e Ragueetia
tape wint arrived in licuston with some atnor problera, most af wiih
have been tahes care of, By March 4 the unit will be completeldy oper-
alional. 7The mudifications to this system as it presently exiats
include the folloving: 1) addition of a scan control clovk pystem iov
regulation of both the up and down scan timas; 2} modification to the
masy gpectrometer scan rates; 3) addition of analog wircuirry for
automatilc measurement of critical temperatures in the inlet system;
4) addition of two more interrupt levels to the computer; 5} ﬁpqradan

of scme digital circultxy in the various peripheral eguipnent Interfacing.

The CRT display is scheduled for installation and testing within
the week, thus completing the hardware at LR, Other minor changes in
the hardware will probably take place based on the results of the March

simulation, at LRL.

Software

The programming for this system is usable at this time. Several
new programs are scheduled for completion within the week to simplify

the task of data reduction and presentation.

The data acquisition programs are based on a controlled, repetitive
scan on the mass spectroweter. Data are acquired and handled during an
exponential down~scan of the mass spectrometer. The methods in which
the data are handled depend on the operator's discretion and the partie- .

ular experiment being carried out.

The techniques for data reduction are derived from two sources. The
first source is tha techniques used in our presenit programning for data
reduction of high resolution mass spectra. From this source tha methods
of instrument mass ve. time calibration and subseguent mass calculstion
are darived. The second source ie the techniques used in data reduction
from a low resolution mase ppectrometer-computer.sysien gimilar tn many

respects to the system 2t LRL, but ewploying diifcrent mass gpectiosetetrs.



The comblpation of these techmigues has led wo developaent ol an
vperational date reducticn syatem that works with the Hitachi fet-o
Masi Lfurtroemster, using elther a hydrocarbon or perflugiskapimoie an 3
mavs calibration standard. Alas in the data reduction pduhage are 1autines
for plotting and displaying mass ppectxa and routinas toy seaivhing Jata

tapes for varlous spactra and surmarizing the results of sn anslysiz.

This systen will undergo & full-scele test during #darch rimuiation
at LHL. Any changes necessary in hardware or software as dicrated by the
results of the simelation will be made during or immedistely alter the

month of March.

1¥. LUNAR MODULE DESCENT ENGINE EXHAUST GAS SALPLING PROGRAK

The Hioh Resolution Hass Spectral Analyses
of Backaround and Firings

The Lunar Module Descent Engine Exhaust Gas Sampling Program was
devised to analyze the organic combustion products gemerated by the Lunar
Module Descent Engine, From a vosmo- and geochemical viewpoint, the
carbonaceous compounds of higher molecular weight were of particular
interest. A sampling system consgisting of four traps ranging from
arbient to Yigquid nitrogen temperatures (lrap k:— ambient, Trap B: — 20°C
Trap C: — 79°C and Trap D: -+~ 196°C) was built at HASA white Sands Test
Facility. The schematic of this sampling systex is illustrated in
Figure 12. For Phase I of the program a model engins (5 1b thrust) wvas
constructed and fired to‘obtain preliminary experience with the collect-
ing system and alse to svaluate the background., The schematic of the
model engine and sumpling probe is illustrated in Figure 13 and a
perspective drawing in Figure 14.

For Phdse II of tha program the sampling system uas ingtallied &s
indleated in Figure 15 to sample the LH descent cngine oxhaust (WSTY
Test Stand 401). The test stand is 32 X 25 feet with all surfaces
contaminated by paints, oiis, etc. The operating pressured range from
1072 torr to 1 torr according to the lesak rate into the system. The

chanber {8 roughed doun with a com and piston roughing pump. follaved
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Traps A& thru D — 1.5 {in. inner tube, 3.0 in. outer tube, 15 in,
length, glass wool filled.

Trap E ~ Adsorbent filled 1.5 in. inmer tube, 3.0 in. outer tube,
15 in. length.

Trap F — Granville-Phiilips 2‘ in. trap, or egual,
POV — Pneunstic operated valve, 14 in. Ultek Hodel 40 471, or cquesi,

vov — Marually operated valve, Varian Conflat Model 951-0023, e,
or equal.

F — Flange, ?.f- x l-%- Varian Conflat Hodel $54-5Q071, or equal.

R13 tubing 1.5 1n. 364 SS.
A1] Weldments T1G.
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by a positive dismplacement, lobe-type blower, Just before lgnition of

the engine the high pressure steam vacuim sysiem takes owver. The sample

probe {1/2" diam,! protrudes 6" into the center bodv diffuser scction of

the stean giector.

Samples

The following samples sets {Traps A, B, C, and D per sei) vers

received at the Space Sciences Laboratory, Umiversity of California,

Berkeley:

a}

b)

¢}

d}

a)

Yhage I {Series IV, Tezt 002) Heodel engine bachkground. Here
the sampling system was purged with gaseous nitregen during

a 600 second sampling.

Phase X {Series IV, Test 003) Model firing. The trapping system
was at 31 microns pressure initially and 82 macrons at the end

of the run. The sampling was for 25 seconds duration.

Phase Il {Series Vv, Test 002} LM engine firing, 100% full thrust
Collection for 25 seconds at full thrust., (The pressures ia the
traps after a firing {(before shipment) were approximately:

A. 64 torr, B, 102 forr, C. 191 toxr, and D. 2 lbs [gaugel.)

Phage TI {(Seriss V, Test 003} LI engine, firing, 28 — 33% full
thrust. Coliection for 50 seconds at that thrust. Traps had

been throuwgh new, recommended cleaning procedure.

Phase II (Series V, Test 004) LM engine firing, 500 second
collection at the firing profile:

% Full Thrust Time {sec)
166 0 —305

54 — 42 {ramp} 305 - 403
40 403 — 425
40 — 32 (ramp) 425 - 500

The traps were clesned by the nev recommended procedure. An additional

txap {El was used to collect exhaust gas products at — 320°F using nuv

. glaus wool ay collection barrier.



Trapped Volatile Gases

The volatlle gases in the three sets of traps were analysed ber hags
resolution mass spectrometry. The samples were introduced vid 4 9.
sample duser into a GBEC-AEI MS-902 Mass Spectroimeter amnd xun on-lin. to
an SUS Sigma 7 Computer. The resolution was 10,006, ion:2ing putentral

70 ev, and ion source temperature 240°C,

All traps of Phase I, Series IV, Tests 002 and 003 apd Phase 1I,
Series V¥, Tests 002 and 003 were found to contain mostly air ot yather
high pressure. This was assumed to be leakage during shipment aml
subsequent storage, since the N2 and O peaks in all mass spectra had the
same intensity ratios {thie D traps, 1IN; cooled, should have a Ligher Op
content 1f the air were in the sampling system). An example of : nigh

reseolution mass spectrum listing is found an Table I.

Trap Washings (Honvolatiles)

The traps were then vented to atmosphere and solvent was extracted. The
side valve was fully opened and 1 liter 3:1 benzene/methanol {distilled or
nano-grade} poured in. The trap was shaken and alloved to soak for about
% minutes, then it was turned upside down to drain ocut the solvent mixture.
Usually 300 — 500 ml was recovered (the remainder was held up by the glass
wool), approx. 50% extraction efficiency. The extracts were concentrated
under vacuum using a Buchi evaporator and weighed after all solvenl was

removed (the weights are listed in Table II).

Mass Spectrometry Resulis

The high resolution mass spectra were delermined for all extractd
uging a GEC-AEL MS-902 Haes Spectrometex on-line to an SGS Sigma 7 Computer,
The samples were introduced directly into the ion source by means of a
B.I. prche, and consecutive scans were taken at increasing on source
temperatures to insure complete sample wvolatillization. %ho aperating
re.olution was 10,000, ionizing current 70 ¢v, und source temperature

190 — 270°C. The {indings are discussed in a later guction gand the



TABLE I

PLAL UATR 133 LEN 10D TRAP 0 YOLAT SCAH 1 135072.00

¥ASS  TIME INTENSITY BS MAS3 TRUE HASS DIFFERENCE C H H O

15 55840.00 31 15.0130980 15.0108978 -0022002 ¢ 1 1 O

26 159693.09 127 26.0152020 26.0156492 0004872 2 2 0 O HC=CH
27 166680.84 99 27.0234059 27.0234738 0000678 2 3 ¢ O

28 173357.20 1302 27.9949985 27.9949141 -.000088¢ 1 0 0 1 co

28 173432.47 16287 280051500 28.0061464 0000036 0 O 2 O e

28 173604.00 35 28.0315794 28.0312984 -.0002810 2 4 0 O CH~CH;
25 180043.34 219 28.0031744 29.0027387 -.0004357 1 1 0 1 HC = D
32 198564.31 2974 31.9903809 31,9896282 -.0005527 O O 0 2 02

39 238083.35 68 39.0229001 3.0234738 -.0004263 3 3 0 O

41 248592.54 105 41.0393251 41.0391230 -.0002021 3 5 @& O .

44 258593.54 598 43.9902881 43.9898282 -.0004599 1 0 O 2 co,

55 300933.95 62 55.0559304 55.0547722 -.0011582 & F 0 0

56 304416.35 35 56.0631495 56,0625968 -.0005527 4 8 O O

57 307770.50 23 57.0699881 57.0704214 0004333 4 % 0 0
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Jre

Hodel Background
(600 sec.)
Hadel Firing
{25 sec.)
tH Engine Firing
(25 sec.)

Lleaned & Baked Qut

LK Engine Firing
{50 sec.)

Trap Extract Veights {in mg)

6.3

5.1

13.7

5.1

jem

39.2

0.8

Hx

5.6
8.2
8.3

10.6
0.5

1

5.8

22-7

18,4

lost in sampling



wrganties thounht to eriginate from ehglne combustion producty gre

Cabulateo wn Takte XIX.

The major constituents of the backoround are hiydrocartons, botn
sirphaties and aromatics, ranging from los molecular weigint tu - 1.,
Lrygrnated species such a3 aliphatic ketonea and acil. are alao touned.
Substantral quantities of silicone oil and "octoil™ (phthalate esteng}

ars found in the extracts,

It should ke pointed out that the trapping syston had been e | o
collect several sets of firing samples before this background collection
was made. Thus, gignificant quantities of nitrogenous products torp.l

by the combustion are found in the trap extracts.

An example of the high resolution mass spectral dats of a background
extract (Trap C Model Background — 600 geg) is shown in figure 16, a poak

at m/e 167, CgHy04 and a peak at m/e 279, CieHz3i04{structure I).

Dibutylphihalate 1s also present as discerned from peaks at m/e 205,
C12Hy303 (C/H O3 plot of Fig. 16) and m/e 223, Ci2His04 {structure I1I}.
The heplane insoluble portion of the background trap B extract was
analyzed by IR spectrometry and found to be identical to silicone pump
oil {(done at NASA - thite Sands T.F.). 1In the high rcsolution nass
spectral data the characteristic triplets of the silicon i1sotopes were
detected for o series of ions of structures: Y11, n = 0 — 3,

™M, n® 2 and 3; and ¥V, n e« 0 and 1.



TABLE L.

B/E

27

28

29

30

31
32

38
39
ko

1]

A SUMMARY OF LM ROCHET COMBUSTICH PRODHCTS FOIMD FY HIGH

RESOLUTION MASS SPLCTRORETRY (LISTED AS {09 COtFUSITHIRS)

STRUCTURE OF [OH
CH
RC = CH

HCH

HZC: CH

co
H 2

CH. =N-

2“.:'..‘

= CH

CH 5 2

0
fl
HC-

CH3—— CHZ .

He

CH2=0

+
CH, == NHZ

CH30'

CSHH
HC=REC - O

E.ZH 3H

CSHS

HIDEL

+

+

EHGIHE

+

+

PLOT REFEREHCE
/M N Fiq. 17 & 19
¢/ Fig., 17 & 19
C/H B Fig. 17 8 19
c/H Fia, 17 & 19
C/H 0 Fig. 17 & 19

C/u i Fia, 17 & 19
C/H Fig. 17 & 19

C/H 0 Fia. 17 & 19

C/H Fig. 17 & 19

C/H HO Fig. 17 & 19
C/H O Fia. 17 & 19
C/H N Fla, 17 & 19
C/H O Fig, 17, 18 & 19
C/H 0, Fig, 17, 18 & 19
C/H B Fig. 17, 18 & 19
C/H Fig. 17, 18 & 19
C/H Fig. 17, 18 & 19
C/H Fig. 17, 18 & 19
C/H O Fia, 17, 18 4 19
C/H M Fia, 17, 16 8 1Y
C/H Tia, 17, Y & 19



K/

k2

43

Ls

1

1;7

L0-55

55

56

57

SYRUCTUSE GF 10H

+
CHZ == { =CH

2

CH, — CH= CHz

3
HCHD

Ch3.==0

CI'(3—- H -_--CH2

CHBCHZCHZ'

(.‘02

HZLNO

H, CH =
C3 0

-—-H= HHd
CH3 H

Ho~N— CH
Cit Ciy

C02H+
oH 3MO

HOZ

m:oza

HHOZ

o — ~F

'...-...’.
CH,= CH—C =0

ew.

3 HHZ—- C=CH

G

CH3£=OCH2 .

AV

habEL

EHGIRE

4

PLOT PEPPPENLL

LA Fla, 1F, 18 8 19

C/H B Flo, 17,18 8 10
C/H Fig. 17, 8 & W0

G/H 10 Fig. 17, 18 & 19

C/HG Fig, 17, 16 % 13
C/H H Fia. 17, 18 & 19
C/H Fig, 17, 18 & 1P

C/H 0, Fia. 17, 13 & 19
C/H B0 Fig. 12, 1B & 13

C/H 0 Fig. 17, 18 & 19
C/H R, Fig. 18
C/H H Fig. 17, 18 & 19

C/H 0, Fig. 17, 1B & 19
C/H KO Fig. 17, 18 & 19

CrH HOZ Fia. 17 & 18

C/H 02 Figq. 17, 18 & 19

c/H HO? Fla. 17 & 18

C/H Fig. 17, 1B & 19

C/H 0 Fin. 17, 18 & 19

C/H W Fig. 17, 18 & 19
C/H Fig. 17, 18 & 19

C/H 0 Fia. 17, 18 & 19

C/H Fia. 17, 18 & 19



H/E

58

60

61

67

70

12
73

768k

STRUCTURE OF 10N

i COCH
C 3('0{'}13

4
(cna}?_r, = CH,

CH
LN
e O
P
3
+ORt

i

H
c 3 ¢ CHS

CH 3C02I§

CHSﬁH'— =}

(CHB)zﬁm 0

CH

’ Y
e 87
ERR

+0H

+
H

N
)

C ”6“0

3
6
i
Roc-czd

CHBCHzCOZ'

@1&@

FaDEL ERGINE

+ +
<+
<~ A
+ +
+ £
S
+ +
+
+ +
+
-+

+
+ +
+ &
+ +

PLOT REFERINCE

C/R O Flg. 17, I8 & I
CAH 1 Fig, 17, 1n & 14
C/H HO Fin, 17, 16 & 19

E/H 0 Fig. 17, 18 k19
¢/a ¢, Fia, 17 &5 18

C/H NZD Fig. 17 % 1&
C/H N0 Fia. 17, 18 & 19

C/H KO, Fie. 17 & 18

C/H 0, Fia. 17, 18 & 19
C/H N Fig. 17 4 18

C/HN Fig. 17 & 18

C/H KO Fiq. 17, 18 4 19
C/H 0, Fia. 17,18 419

C/H 02 Fig. 17, 18 & 1%
C/H Fia, 17, 18 & 19



SYRLCTURE OF EGU
8 !‘H &%"’J
(50,

@Y

Citg

HIOBEL

ERGENRE

PLOT FEEEETHCT

C/B L) big, V7, s 5 1%
C/H GZ Fig, 17, W & 1Y
(/0 Hin, 17, 14 4 14
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fhe aliphatic hydrocarbon pattern is established from the exponential
decrease of the fragment ion intensities of the homologous Scerics:

+ . ¥
C H ranging froa n = 3 — 23 and Cnn ranging from n = 3 - 20

no2n + 17 2n-17
{C/H plot of Fig. 18). The former homologs are fragments of saturated
hydrocarbons aj@ the latter are hemologs of olefinic and/ox cyclic
hydrocarbons. Thexe are small guantities of ketonic and carboxylic acid
components present. Ketones, CnH

CH
n

2n0, ranging from n = 2 — 4 and

0, ranging from n = 2 — 7 {C/H O plot of Fig. 16) and acids,

2n-2
Cn'ﬂzz_ozf ranging from n = 2 — 6 {(C/H Op plot of Fig. 16) are indicated
in the spectra. At the higher mass end of the C/H 0z plot of Fiy. 16
two peaks are indicated: Ci7H3zu0z and CisHzeO2. These are thought to
be methyl palmitate and methyl stearate, since there is a significant

peak at m/e 74, C3HpOz, the Mclafferty rearrangement of methyl esters.

The samples of trap extract from the firing of the model engine are
for the most part background with some superimposed combustion products.
Two examples are used as illustrations. Figure 17a and b presents the
high resolution mass spectral data foxr the extract of trap C and Figure

l8a and b shows similar data for trap D.

The background is still present as, for example, octoil {m/e 149,
CegHsOz: in the C/H 03 of Figs. 17a and 18a) and the hydrocarbon.patiern
{cE. C/H plots of ¥igs. 16, 17a, and 18a). The lower molecular weight
combustion pLoducts of unsymm-Dimethylhydrazine (UDHH) and N0y can be
1dentified in the high resolution mass spectra among the background, and

they ase listed in Table IXI. The intens:ities indicated in the figures
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Lafilot. he taken as guartizative measures, since Lhe sanples are
benzehe-wethanol extracts and the more volatile conponente vould have
Leen depleted proferentially. Furthermore, ion intensities of rerlacules
atad f1agments of varying heteroatown content, a3 well ag diticring
structure, cannot be quantitated arbitraraly. The tollouing moleculesn
found (ef. Table IIX} are of specific geochemical interest duc to theyry
high inherent reactivity and/or tendency to‘ioxm pelymers: accetylene,
Hed, 0, ethylene, formaldehyde, ketene, HCHO, dimethylamine, acetaldehyde,
CHy —l = NH, CHaNO, NQz. formic acid, HNQ2, acetone, nitromethane, and
acetic acid. Other oxidation produckts of jnterest are briefly discussed.
L ceries of Cy hydrocarbons occur from m/e 50 to 57, Cylz to Culs

{C/H plot of Figs. 16 — 19), some which can be thought of as dimers of

acetylene (structure VI) and sthylene {structure V1I}.

Vi Vit

They can, of course, alse arise from dehydrogenation reactions of the
background hydrocarbons in the mass spectrometer, but the m/e 50 — 56
peak are significantly higher in the firing spectra {C/H plots of

Figs. L7a, 18a, and 1%a) than in the background (C/H plot of Fig. 16).
The peaks at m/e 55, C3Hi0 {C/H 0 plot of Figs. 172, 18a, and 19a} and
mfe 56, CiHgN (C/B N plot of Figs. 17 , 18a, and 19b} can be thought of

as reaction preducts (structures VIIX and IX respectively).

CH, = CH—C =20 CH, ~ Ty — € = CH

AR IX
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FIGUREL 19-3.  The partial high resolution mass spectrum of the Trap B extract
front the Lu.ar Module Descent bngine {iring.



FIGHRL 19-b.  The partial high resolution mass spectrum of the Trap B extract
from thu Lunar Module Descent tngine Firing. -



the folloing higteap masy Peaks are durived by oxidetive cleavate ab
ULMT  m/e GU, CHGEO (071 RO plot of Flgu. 170 and leh), struglare £
ancd O8O (LU He plot of rigs, 1Th and 18b) nitrosethane,  The higbe!

doamz ent rive o Table ITI.

H
M-l =0 =0
ciHs o

are suspected to be reaction products of rocket evhaust with background
and just background, To cite an examples: ' tost hydrocarbon o1ig contain
substantial amounts of olefinic hydrocarbons due ta the cracking and
refining processes. Hitric cxides (NO2 Nz04) arc strong oxidizing agents

and the addition of N0, to olefins has been thoroughly studieds

RCH = CHR® + 2NO; —-~RCH — CHR' and RCH — CHR'
HO, HO2 k02 OO

Such a reactlon can account for the homologous series, CnH?nNO. ranging
from n = 3 — 17 (C/H MO plot of Figs. 17 — 19) since y~hydrogen trangfer
to eliminate an OHv radical is significant mass gpectrometric fragmentaticn

of nitroalkanes:

+ [ 1]
g CA 0 ‘\] oH Ras

RS,

i , n
e k\/,.re'v‘
o o H\‘.}Q



Hiae dioitrualkanes and the hitig=hitrosgalkases weald Dot e cpge.ied F.
Lehil 1t peleralar tons det rather siople cleevage poedarts ty, €.,

Jdre tuze ¥15. wnitoh then wesld andergo she y-hydeogen transfez,

R - CH;» - Hﬂz

X{1

The high resolution miss spectral results af the 14t Dngise Lhiind
extracts were essentially the same as the already discusw-ed LM H *! tirsrg
extract spuctra, The trap B extract serves as 1llustration for these
data in Fig. 19a and b and also te indicate a polymeric artifact found
only in this extract. The low mass combustion products found in the
Model extracts are also present in the Engine extracts (cf. iable I1IL}.
The hydrocarbon and “octoil" background, as well as tne “ox141zed"” bach-
ground, are virtually the same as previously discussed. ‘The major peaks
in the high resolution data of trap B turned out to be homologous fragmenty
of a polymer. The fragments duc te direct cleavage {structure XIL1I}

are mfe 91, CoHr:

X1l

mAe 135, Celyi0r mfe 179, CpiHisOz; = datectable in lreresents «f dn Bl

untte {womposttion CriwU to B/ 53k, CrylleiQie. There 15 alad a awgiee


http:discuss.ed

vt pe ks whore the sforerantinoned fragooents have Lost an v tads $b wg
walul,  Mefarring o Fig. 1Y Cp3lieDs Unfe 4431 o Lo soen W the

LA 2y plog, Cratlyplry {afo 399} in tha C/H O plot, whu., doi be Urd

b the C/R plot,  The neutrsl fragoent sliminated ie Callev opf the Iowasnt
varber of the serles 1m CyHy, thes the ctructure dedered smas AIfi, o
;ulyv:ﬁylalcohnl with a styrene cnd.  Such polywera are used in L,

el cte,,

As another {ndication of the complexrity of these extracts the GLC
pattorna woere run., & 1/8" ¥ 5' column, packed with 3t SE-30 on chrorosorivg
was used and usually programwed from 50-250° © at 6=8%/min and o helius
£lod rate of 30-40 ml/min.. Two exsaples of the trap background are
vhown in Figure 20 (trap A} and Figure 2! {trap I). The GLU trace for
the model trap A extract is shown in Figure 22, The LY Engine trop B
extract is shown by the GLC trace in Figure 23, No specific peaks ware

identified on any of the GIC traces mum.

Recommendations and Further Background Samples

Due to the substantial weiéht of background organics, it was decided
Lo check the whole system for contamination sources and attempt to reduce
that background. On January 16, 1969, essentially the follcwing recormenda-
tions were made at NASA White Sands Test'Facility:

I. Solvents, 3:1 benzene-methanol {(nanograde commercial rather

than distill on site)

II. Glass Wool. Auneal glass wool after Soxhlet washing {(exXtractiocn)
in & muffle furnace at 350° C for minimum of three hours, Store

it 1n chromic acid cleaned glass containers.

1ir. Sydtem Cleaning and Assembly
A, Rewold (butt weld} trap bottoms
u, Buf{ scaly welds
C. Galt Freon clasning
n. Final cleaning step should be with 31l benzone-msthanol
inctead, as follows: detergent bath, tap vater, distilled
walar, 34X methanol, 2¥ with 3:} henzano»mpthanul. tut in

Jlass wool, eoal and bake out.
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FIEST 22, Tha gas-liguid chroretoqrem of the extract fros Trop A, L™ 11 Engine 2@ 2o,
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FIGURE 23. The gas-liquid chromatogram of the extract from Trap B, LM Dascent Engingy Tiring.
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E. Valve flanges with knicked kunife edges should re 1eplaced

Further samples were taken at that time to evaluate thelyr backgroumi
contributrion, Trap € (xt had been through the cleaning process and
baleout) wvas taken off a fully prepared sampling systen and extracted with
3:1 benzene-methancl by the identical procedure applied to the previous
traps analyzed. The extract weighted 10.6 mg residue and had the sine
appearance ag the other background extracts. A sample of solvent cleanced
glass wool packed in polyethylene was zlso extracted with 3:1 benzene-
methanol, using ultrasonication. Approximately 503% of the solvent =wixture
added was recovered by draining off, the remainder being held up by tne
glass wool, and this extract was filtered through a fine frit filter %o
remove small glass wool fibers. The solvent was removed under vicwim
yiolding 2 residue of 17.4 mg having the same appearance as the i ichground
extracts. The polyethylene bag (15" X J0") used to store the gluss sool
was extracted separately witihh 3:1 benzene-methanol and the extract vield
was 10.3 mg of colorless oil after solvent evaporation. Four Viton O rings
(2 per Varian Value, 2 valves per trap) were alloved te soak in 3:1 benzene-
methanol overnight, yielding 3.4 mg of a dark vellow oil upon soclvent

removal,

The GLC of the polvethylene bag extract shown in Figure 24 and the loe
resolution mass spectrum in Figure 25. The main constituents of this
extract are ccteils (various phthalic acid esters) and hydrocarhons. The
ions at m/e 167 and 149 represent structures XIV and XV, respectively.

The hydrocarbons are established present by the peaks grouped around

. +
CnH2n+1 ranging from n ="2 30 .

Xiv e
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The Viton O ring Lract was wlso chromatogqraphed and the (ruae. -
showh in Frpuse 26, bheveral lox resolution mans Ty were Lalan, e
of which age siwwwn in Figures 27a and 27b.  The VaR}OU TOTPeaie L o The
3 spectrun appears to have a composition Casiliz, .fru ture XVI, 1 weil
v 2 guneral assemblage of fluorohy Ixocarbons {Last peuk mre o, doublet.

mfe 85, 1l0l, etc,).

Coronene

The major constituents of the b spectrum appear to he a nifrojen
containing Czg aromatic at m/e 383 and a Ca2H3e aromatic and CanHyz
aromatic doublet at m/e 300. The flusrohydrecarbens appear also in this

spectrum as a general background.

The :--'mmended new cleaning procedures of January 16, 1969 resulted
in a substantial decrease in background. The glass wool wvhich was
solvent extracted and then baked at 350° C for three hours had an organic
extract residue of 0.9 mg as compared 17.4 mg for unbaked glass wool.

The extract weights of the traps from firing Series V, Test 003 are also
significantiy lower (¢f. Table II}). ~t should be noted that trap D of

this set was lost —the glass wool had blown into the valve seabk. Tne gas

chromatograms of the trap extracts had the preliminary appearance of
hydrocarbon oil and "octoii™. High resolution mass spectral studies on
this extract set as well as Sexies V, Test 004 extracts are in pré&gress,
A sample of turbine pump oil and the residue from A-50 fuel are also

under investigataion.
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V.  FACILITIES IVPROVENENT

Construction of an Isstope Ratio Mass Spactrometer

for Stable isotope Geochemistry

The measurement of the relative abundance of the stable i1sotopes of
cairbon has proven to be a powerful technigue in organic, geochemistry.
Exanples of 1ts use in studying Precambrian photosynthesis, detecting
contaminated samples and learning about diagenesis of organic mittar in
sedimentary rocks are reported in the literature. The emphasis in this
laboratory on the use of mass spectrometric techniques for the analysis

of returned lunar material makes it logical that this tocl be available.

h mass spectrometer for the measurement of small variations in
c'?s/c'? ratios in samples of geochemical interest is undex construction.
The instrurent 1s a single focusing, 90° sector instrument with a radius
of curvature of 12". The ion source is a modified Consolidated Electro-
dynamics Corporation Type D 143680. A double collection system based on the
design of Nier has been constructed and installed. The ion source and
analyzer are pumped dif{ferxentially. The source region has an ion pump
of 130 litexs per second capacity. The analyzer and collector are pumped
by an oil diffusion pump with a liquid nitrogen .trap. The punping speed
will be zbout 100 liters per second. The main vacuum system, mass
spectrometer tube, 1on source and collector have been completed and the
system is vacuum tight. The assembly is now being pumped and baked out.

A base pressure of about 10 © tory is expected.

All of the major electronic units have been installed and given a
preliminary testing. A few small control units are under construction.
A gas switching mechanism and dual inlet system based on McKinney's
design is under construction. All parts .hava been fabricated and
assembly will start in a few weeks. An innovation of the inlet system
is the use of stainless steel bellows instead of a mecury ram for
adjustment of sample pressures. This should result in a much cleaner

vacuum system and permit the use of spaller samples.

It is estamated that preliminary measurements of i1sotope raties on

tanik carbon dioride will start im 4 to 6 weeks.



h sample combustion system, carbonate genarating line and carbon
droxide purificarion apparatus vwill be constructsd in the room with the
fass spectrometer. All of the recessary. parts have been ordered and will
arrive the next Ffour weeks. The system 15 based on a design that has been
1n steady use for the past 10 years. Its setup and operataion should

preaent no unusual problems.

During the next six months, a complete stable carbon isotope laboratory
should be placed into operation, The first experiments to be done aftex
the mass spectrometer and praparation lines are operative is to setup
some laboratory working standsrds. These materials will be Sompared
closely with National rmureau of Standards Isotope Referencs Samples

20, 2%, and 22.

When the working standards have been satisfactorily calibrated, the
initial geochemical experiments will be started., A companison of the
C332C12 ratios in selected Eractions of the Green River Shale will be
made. During the calibration and initial experiments, chemists perma-
netly employed at the lakoratory will be instructed in the mass spectrometric

atd preparative techhiques.

Perkin-Eimer 270 Mass Specirometer

& Perkin~Elmer 270 combination gag chromatograph — mass Sspectyometer
was purchased during this period for use in routine analysis of organic
geochemical mixtures and to pvovide low resolution mass spectra for
mechanistic mass spectrometry studies. The hookup of the gas chramatograpn
to the mass spectrometer precludes collection of indaividual cowponents
of mixtures on a separate gas chromatograph, a time copsuming and often
inefficaent process. Rapid identification of the components of complex
mixtures is now possible, The instrument has been connected to a Sigma
2 computer to facilitate the actuisition and processing of the enormous

amount of data routinely cbtained.

The instrument 1% now being checked fox sensitivity, efficiency of
the vacuum system, and optimization of operating conditions. The amm is
to be able to obtain high quality mrss spectra from submicrogram quantitics

of individual) compounds and mixbtures.



Over the next six months this teskting will) continue and several
modificarions wall probably be made. A heated glass inlet system will
ba added for increased flexibility in sample introductaon. The present
inlet systems are the gas chromatograph and a direct introduction probe
which inserts a sample directly into the ionization chamber. The design
of the direct introduction vacuum system may be changed since the present
one is inconvenient and inefficient. Several electrohic modifications

are also planned.

Cleanrogom Preparation

The next six months will see a concentrated preparation for analysis
of returned lunar samples. Part of the cleanroom currently heing used by
the Mariner Maxs Group at the Space Sciences Laboratory will ke cunverted

"

for this purpose. The goal is to obtain a roem as "organic — free” as
possible. Afrer the room is cleaned, attempts will be made to deternine
the level and source{s) of possible contamination. Test analy$es on a
low-level organic sample {(e.g., the recently acquired meteorite, rosequartz,
or a Precambrian sample) will also be performed. <Chemicals and solvents
mast be carefully checked for contamination and purified as necessary.

Hew glassware will be purchased as well as an annealing oven to maintain

the glassware free of interfering organic substances.
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Dr. Thomas C. Hoering Visiting Research Chemist
Dr. Peter Schulze Assistant Rescarch Chemist
Pr. Dennis H. Smith Assistant Research Chemist
Dr. Joachim G. Laehr Post-Graduate Research Chemist - IV
Dr. Troy Story Post~Graduate Research Chemist —V
Richard W. Olsen Senior Development Engineex
Fred C. Walls Specialist
Bernd R. Simoneit Spectroscopist
James T. Wilder Spactroscopist
Robext E. Furey Junior Development Engineer
Paul Harsanyi Junior Develcpment Engineer
Joan M. Tesarek Research Assistant
Jan S. Hauser Senior Electronics Technician
Michael T. Issel Senior Electronics Technician
Deborah Allen Programmex
Kenneth Jacker Assistant Programgesr

Galen M. Collins Electronics Technician



ioLF ]

Sydell Gelber Lakh Technician

Ellen Scott Lab Technician

Claude Sprowls Lzb Technician

Gene 1. Tobias Lab aAssistant

Nancy L. Twombly Sacretaxy’
PUBLICATIONS

Schulze, P. and A. L. Burlingame, Pormation and Detection of Metastable
Ions in a Double-Focusing Maas Spectrometer, J. of Chemiczl Physics,
4870 {1958).

Schulze, P., B. R. Simoneat, and A. L. Burlingame, A Corbined Dlectron
Impact-Field Ion Source and its Aprplications to Oxganic
Geochemistry, J., Hass Spectrometzry and JTon Physics, 2, 183 (1969).

Richter, W. J., B. R. Simoneit, D. H. Smith, and A. L. Burlingame,
Detection and Identification of Ketocarboxylic and Dicarbouylic
Acids in Conmplex Mixtures by Reductive Silylaticn, and Conputer -
Aided Analysis of High Resolution Mass Spectral Data, Anal.
Chem., subnitted.

Han, J., B. R. Sumcneit, A. L. Burlingamc, and H. Calvin, Oxganic
Analysis on the Pusblito de BAllende Meteorite, Rature, in press.

Burlingame, A. k., and B. R. Simoneit, High Resoluticn Hass Spectrometic
Studies of Ureen River Kerogen Oxidations, Nature, in press.

Tesarek, J. M., Mass Spectral Fragmentation of Selected Saturated
Heterocyclic liolecules, Ph.D. Dissertation, U. of Californis,
Berkeley, 1969.

Burlingame, A. L., D, H., Smith, R. W. Olsen, and T. O. Merren, Real Tine
High Resolution Mass Spectrometry, Computers in Analytical Chemistry
(vol. 2 in Progress in Analytical Chemistry series) C. H. Orr and
J. HNorris, Eds., Plenum Press, New York, September, 1969,

TALKS

Burlingame, A. L., Real-Time High Resolution Organ’c Macs Spectrometry,
Eastern Analytical Symposium, New York City, November 13, 1968.

Smith, D.H., Real-Tame High Resolution Mass Spectromery, Pacific
Conference on Chemistry and Spectroscopy. San Francisco,
Hovember 6, 19685,

Hoering,T. C., Optically Active Alkanes in a Petroleum, Mceting of the
Group for the Analyses of Carbon Cempounds in Carbanaceous
Chondrites and the Returned Lunar Samplo, Tempe, Arizona,
December 5 — 6, 1963,



Hocring, T. C., Orxgani¢ Geocliemistry and the Facord of Encient Lite,
fyrpesiun on the Grigine of Life, California State College at
Los Asvgeles, February 13, 1269,



