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Introduction: Meteoritic insoluble organic matter (IOM) has 

been considered as a source of solvent-extractable organic com-
pounds through aqueous alteration on meteorite parent bodies 
[1]. Experimentally, various carboxylic acids are generated by 
hydrous pyrolysis of IOM from the Murchison [2] and Murray 
[3] meteorites, suggesting that some solvent-extractable carbox-
ylic acids could be formed during hydrous activity on the meteor-
ite parent bodies. The generated acids are closely related to the 
chemical structure of IOM containing relatively abundant car-
boxyl carbon [4]. During the release of pyrolysis products, in-
corporation of H (chemical reduction) or OH (chemical oxida-
tion) into IOM could occur. In this study, we will report varia-
tions in oxygen contents of the Murchison IOM during hydrous 
pyrolysis, as well as the changes in the carboxyl (-COOR; R=H 
or alkyl group) amount, in order to consider the chemical reac-
tion processes. 

Samples and Analytical Procedures: The purified IOM 
from Murchison and its hydrous pyrolysis residues were used in 
this study. The detailed procedure for the hydrous pyrolysis of 
the IOM was reported previously [2]. Briefly, IOM was heated 
with H2O under vacuum at 270-330ºC for 72 hours. Oxygen con-
centration of samples was determined as CO by pyrolysis at 
1450ºC in the presence of graphite using a high temperature EA. 
Carboxyl content was determined as CO2 by pyrolysis at 750ºC 
[5]. 

Results and Discussion: The oxygen/carbon (O/C) ratio of 
IOM increases from 0.22 (original) to 0.48 for the hydrous pyro-
lysis residue at 270ºC, and 0.28 for that at 300ºC, which suggests 
O incorporation into IOM during hydrous pyrolysis. For the resi-
due at 330ºC, however, the O/C decreases to 0.10. These obser-
vations suggest that the Murchison IOM is subjected to chemical 
oxidation at up to ~300ºC, followed by decarboxylation at higher 
temperature. 

The carboxyl amount decreases from 2.4 (original) to 0.9 
mmol/gC at 270ºC, in spite of the increase in O/C ratio. Under 
this process, the original carboxyl group is lost from IOM by de-
carboxylation, while new O-containing groups such as –OH are 
produced. Through the progressive chemical oxidation, the car-
boxyl amount increases again to 1.6 mmol/gC with continuous 
decarboxylation at 300ºC. Finally, further O-addition stops 
(O/C=0.10) due to consumption of active sites (e.g. methylene 
carbon) with minor amounts of carboxyls (0.6 mmol/gC) at 330 
ºC. Under these reactions, IOM can release carboxylic acids, be-
ing consistent with abundant acetic acid production during hy-
drous pyrolysis [2]. 
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