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Knowledge of the variation in C,N,H-isotopic composition 
with the chemical structures of organic compounds in meteorites 
can provide insight into the mechanisms responsible for the 
syntheses and, thus, their source regions, as these processes 
are expected to leave in their products a recognizable isotopic 
signature. Although carbon isotopic measurements of total 
carbon and solvent-soluble and acid-insoluble organic fractions 
have been made (1-4), measurements of individual compounds have 
not been reported prior to this work, with the exception of 
several amino acids (3). 

In a closed, evacuated 700 ml Pyrex apparatus, 3 interior 
pieces (23.5g) of Murchison were disaggregated by 40 freeze-thaw 
cycles in water (50 ml) assisted by sonication. After a 20 ml 
aliquot of the head space gas was removed for analysis of the 
predominant constituent, CO , (Table 1, column I), the apparatus 
was partially immersed in lZquid nitrogen; and the 
non-condensible gases were transferred with the aid of a toepler 
pump to a gas chromatograph-combustion (GCC) system where CO and 
CH were separated and converted directly to C02 (Table 1, 
cofumn I]. The remaining head space gases were cryogenically 
transferred, along with several ml of water, to a KOH trap 
cooled with liquid nitrogen, while the freeze-thaw apparatus was 
maintained at 40'~ by a water bath. Abundances and carbon 
isotope values for the individual hydrocarbons first collected 
in the KOH trap, then analyzed by GCC the system, are listed in 
Table 1 (column 11). The solution in the freeze-thaw apparatus 
was separated from the meteorite solid, neutralized with KOH, 
and evaporated to dryness by lyophilization. The resulting 
residue was redissolved in water, acidified with H P3q and 
distilled. The volatile carboxylic acids in the d?stlllate were 
separated by ion suppression chromatography and converted to C02 
in the GCC system (Table 1, column 11). Treatment of the solid 
Murchison residue with 50 ml of 2N H PO generated another suite 

3 4 of hydrocarbons (Table 1, column TII). 
With few exceptions, notably benzene, the volatile products 

are substantially isotopically heavier than their terrestrial 
counterparts, signifying an extraterrestrial origin. The 
abundances of both carboxylic acids and saturated hydrocarbons 
decrease with increasing carbon number, and acids exceed 
hydrocarbons of the same carbon number by factors of 10 (C ) to 
180 (C2). The carbon in acids is systematically heavier t2an 
that in hydrocarbons. Generally, for both classes of compounds, 
igcreasing carbon number is also associated with decreasing 

C-abundance, and branched isomers are isotopically heavier 
than their normal (straight-chained) counterparts. When the 
isotopic composition of the saturated, normal isomers of each 
class is plotted versus carbon number - tgking CO as the C - 
acid counterpart to CH and assuming -7.9 /oo ( ~ a 8 l e  1, foo4note 
a) to be representativk! of penLane - two roughly parallel curves 
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result with the hydrocarbon curve displaced by an average of 
14+2'/00 - to lower values at each carbon number. 

Although these data alone do not give clear indications of 
the origin(s) of the hydrocarbons and acids, some general 
conclusions are warranted. Both classes of compounds are the 
products of kinetically-controlled processes rather than 
thermochemical equilibrium. The variation of isotopic composi- 
tion with carbon number is consistent with formation of higher 
molecular weight species from lower homologues. This parallel 
variation between both classes implies some aspects of their 
histories were similar. The carbon monoxide and acid-insoluble 
carbon (both isotopically light, <-10O/oo) are unlikely to have 
supplied the source carbon for most, if not all, the compounds 
analyzed. Multiple production mechanisms are not yet excluded 
by the data. 

In principle these compounds may have been synthesized in 
interstellar clouds, the pre-solar nebula or parent bodies (or 
some combination), This uncertainty in origin may be diminished 
as more systematic study is directed at elucidating the varia- 
tions of C,N,H-isotopic composition with chemical structure in 
the organic constituents of meteorites, on the one hand, and in 
the organic compounds produced by model processes, on the other. 
When the patterns of isotopic variation with chemical structure 
in the natural and synthetic products are compared, similarities 
may come to light that are diagnostic of common production 
mechanisms and, thus, attributable to specific source regjons. 
Table 1. Abundance (umoles) and Isotopic Composition (6'"C ) 
of Hydrocarbons and Monocarboxylic Acids in Murchison ?4eteoeP@e. 

Compound 
co, 

Methane 
Ethane 
Propane 
i soButane 
Butane 
Pentane 
Ethane 
Butenes 
Benzene 

Acetic Acid 
Propionic Acid 
isoButyric Acid 
Butyric Acid 
isovaleric Acid 
Valeric Acid 

0.45(+15.6+0.4) 
g.18 (+9.6+g.2) 
0.13(+5.1+0.2) 
0.04 (+14+p. 1) 
0.04 (-20,5+0.2) - 
0.02 
0.01 
0.02 
8.92 (lost) 

a) Analyzed together: 0.3 (-7.9+0.05). 
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