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- ABSTRACT
Benzene~methanol extracts of luner fine samples #10086 (50z),
-
#12001,31 (11g), #12001,32 (9g), and #12033,6 (5g) were separately

obtained on the intact, pulverized, und hydrofluoric acid digested sarples,

These extracts did not contain detectable quantities of 015 to 030 alkanas,

No C._ to C,. alkane was present ih these extracts at :oncentrations

15 30
exceeding 1 part per billion by weight,
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Introduction

Alkanes are saturated orgaric compounds that are composed solely of
carbon and hydrogen atoms, These hydrocarbonsg are ubiquitous but minor
constituents of the waxes, fats, and oils of plantsend animals (1), Because
alkanes are leos readily assimilated than other food substances and are
chemically less reactive than most biological compounds, alkanes are profere
entially preserved relative to other organic materials in sedimentary envircne-
ments, Natural gas and petroleum deposits commonly appear to be concentrates
of alkanes partially derived from preexistent organisms (2). Meny alkanes
from petroleum have molecular structures that are either identical or similar
to alkanas and relateg compounds in plants, enimals, soils, marine sediments,
and sedimentary rocks (3)s The marked structural and distributionzl resem=
blances between certain alkanes in rocks and compounds in organisms have led
to the widespread use of alkanes as m&lecular or chemical fossils (4) and to
the recomuendation that Cl to 030 alkanes be employed in exobiological

¥

research (5). This report deals with a search for c15 to 030 alkanes in

Apollo 1l and Apollo 12 lunar samples,
Experimental

Repeated tests established that all solvents, reagents, and apparatuses
‘vere free of detectable amounts of organic contaminants with vapor pressures
equivalent to 015 to 030 alkanes, The gas~liquid chromatograph at the
sensitivity settings used to monitor contaminaticn gave 5 to 12 per cent of
full scale defléction with 10"7 g of pristane (2, 6, 10, 14 ~ tetiamethyle~

pentadecene) for sample #/10086 and 10 per cent of full scale deflection with

lo"8 g of pristane for sanples #12001,31, #12001,32, and #12033,6, Sensitivity
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- -the remining extract.fziled.to. yleld detectzble C

checks were run on standard solutions of pristane before and after each gos=

liquid chromatogram of a lunar extract sample,

Each sample of lunar fines were initially extracted with an azeotropic
mixture of benzene and methanol in a specially designed combination Soxhlet
extractor and ball mill (6). Throughout these extractions, a positive
pressure of nitrogen was maintained in the system, Nitrogen flowed through
@ drying tower filled with silica gel into the extractor, and the nitrogen

stream was exhausted through a bubbler tube with a 1 cm head of mercury.

The analyses of the Apollo 1l and Apollo 12 fines were carried out in the
same mamer, but the extraction period was reduced for the Apolio 12 fines
because the negative results on the Apollo 11 sample indicated that prolonged

extractions were wmneccessary,

: Each extraction was accomplished similarly, After approximately 500 ml
of solvent per hour had been refluxed through the lunar fines for a period of
2i=170 hours, & 200 ml saple of solvent was collected as it flowed from the
extractor., The volume of this sample was reduced to several microliters by
removal of solvent in a stream of filtered }xitrOgen at l+O"(:', end all of the
residual sample that could be faken into a 10-)1 syringe was injected into a
Aplezon L coated gas=liquid chromatographic colum,. No organic
materlal except solvent was detedted in this sample, The extraccor was then
disconnected from the reflux condenser and distillation flask, sealed with
two glass stoppers, and rolled for 12-48 hours on & ball mill, All the
extraction solvent was transferred from the distillation flask, and the
volume of the extract was reduced by removal of zolvent in a stream of
filtered nitrogen at lK)oc to approximately 1C0 0 ut l, After a 9.,1 portion of
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the gas chromatograph, the voluse of the exiract was further reduced to u few

microliters, which were injected into the gas chrematograph. Only solveni
peaks were observed in the chromatograms of this extract of the different
sarples of lunar fines,

The extractor, containing each ballmilled lunar sample, was reconnected
to the reflux condenser and distillation flask, and azeotropic benzene and
menthanol were refluxed through the pulverized sanple at a rate of approximately
500 ml per hour for 1l2~72 hours, Chromatograms of the individual extracts of )

each of the pulverized lunar sample, also, indicated an absence of organic

cormpounds with vapor pressures equivalent to cl to 030 alkanes,

¥
Each pulverized lunar sample was separately transferred from the
extractor to a 2-liter Teflon beaker with benzene, and 500g of 48 per cent
hydrofluoric acid was slowly added with continuous stirring until reactions
ceased, The beaker vas warmed to 80°C with stirring until most of the
benzena layer evaporated, then the reaction mixture was transferred to a
2=liter separatory funnel containing 4OO ml of distilled water. This mixture
was shaken thoroughly with three successivg 200-ml portions of benzene, These

benzene extracts were composed and concentrated, Thege extracts did not con-

tain detectable quantities of volatile organic materials,

Discussion and Summary

The lunar fines analyzed contained no 015 to C3o alkane at a concentration
exceeding 1 ppb by weight, whereas the concentrations of 015 to 030 alkanes
in rocks from the surface of the earth commonly exceed 100 ppm by weight,
These results provide no evidence thet life has ever existed on the rcon,
Sclentific publications bave reported these results (7). ALl lunar samples
analyzed by our group have been returned.td the Curater of lunar sanples at

the Manned Spacecraflt Center,
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