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ISOTOPIC MEASUREMENTS OF ORGANIC SULFONATES FROM THE MURCHISON 

METEORITE; G. W. Cooper and S. Chang, Exobiology Branch, NASA Ames Research Center, 

Moffett Field, CA 94035 

Introduction Organic sulfonates and phosphonates have been extracted from the Murchison 

metemite for stable isotope measurements. Preliminary stable isotope measurements of individual 
alkyl sulfonates, R-S@H (R=CnHzn+l), are shown in Table 1. These compounds were found in 

aqueous extracts of Murchison [I]. Both groups show trends similar to other homologous series 

.of organic compounds indigenous to Murchison [2]. Molecular abundances decrease with 

increasing carbon number, and all possible isomers at each carbon number (through C-4) are 

present Carbon isotope measurements of the sulfonates show a dmease in the 13U12c ratio with 

increasing carbon number. The overall objectives of this project are (1) to obtain three element - 
carbon, hydrogen, and sulfur - intramolecular isotopic analyses of individual sulfonates, and (2) 

isotopic measurement of carbon and hydrogen of the phosphonates as a group. 

The Murchison meteorite is the best characterized carbonaceous chondrite with respect to 

organic chemistry. The finding of organic sulfonates and phosphonates in Murchison is of interest 

because they are the first well-characterized series of sulfur and phosphorus containing organic 

compounds found in meteorites. Also, meteorites, comets, and interplanetary dust particles may 

have been involved in chemical evolution on the early Earth. Because of the critical role of organic 

phosphorus and sulfur in all living systems, it is particularly interesting to see examples of abiotic 

syntheses of these classes of compounds. The study of the isotopic composition of the sulfonates 

and phosphonates can yield insight into their possible interstellar origin as well as their 

mechanisms of synthesis in the early solar system. 

Previous isotopic analyses of other classes of organic compounds indigenous to meteorites, 

e.g., amino acids, carboxylic acids, and hydrocarbons indicate the possibility that interstellar 

molecules were incorporated into meteorite parent bodies [2]. In these compounds the ratios of 

heavy to light isotopes of hydrogen (Dm), carbon (13C/12~), and nitrogen ( ~ ~ N I ~ ~ N ) ,  are 

anomalous relative to bulk terrestrial and meteoritic values. In some cases, the D/H ratios approach 

those observed for molecules in interstellar clouds. 

Experimental A powdered sample of Murchison was extracted with room temperature and 

lOOOC water. The extract was concentrated and applied to ion exchange resins to desalt and 

separate sulfonates and phophonates from other species[l]. The fraction containing the sulfonates 

and phosphonates was then injected into an ion chromatograph and eluted with a solution of 

increasing sodium tetraborate concentration. This procedure separates individual compounds. 

Each compound is then combusted at 8000C with copper oxide. The resulting carbon dioxide and 

water are collected by standard methods in a vacuum system and prepared for carbon and hydrogen 
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analysis by isotope-ratio mass spectrometry. The sulfate produced in each combustion was 

extracted and prepared for sulfur isotopic analysis 131. Isotopic ratios for carbon are reported as 

per mil, defined as [{(13~12~)sampl~(13~12~)standard] -11 x 1000. 

Results Preliminary carbon isotope measurements of the sulfonates are shown in Table 1. 

Although the isotope values approach and, in the case of the propyl isomers, overlap those of 

typical terrestrial organic matter, alkyl sulfonates do not occur in laboratory blanks and, with the 

exception of MSA, rarely occur in nature. The 1 3 ~ / 1 2 ~  ratios decrease with carbon number 

suggesting that the hydrocarbon sidechains were synthesized in a stepwise fashion. In comparison 
to other organic compounds from Murchison, the 6 1 3 ~  values fall in the range observed for non- 

polar hydrocarbon [2]. This may indicate the synthesis of the sulfonates by reactions of inorganic 

sulfur species with preformed hydrocarbons, or alternatively, sysnthesis from the stepwise 

addition of carbon atoms to sulfur species. Hydrogen isotopic analyses from these molecules may 

help to verify a non-polar hydrocarbon origin of the alkyl group. Measurement of the 

phosphonates will reveal how closely related the chemistry of the sulfonates and phosphonates was 

in the Murchison parent body. 

Table 1 6 1 3 ~  values of Murchison sulfonic acids. HO3S-R 

J 3 3 o u n d  fl3= 

CH3 MSA -4 .9  

CH2CH3 ESA -8.8 
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