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Introduction: Isotopic D, 13C and 15N composi-

tions are often used to determine the origin of organic 
matter in extraterrestrial samples and especially in car-
bonaceous chondrites [1-3]. Several studies have dealt 
with soluble organic compounds in carbonaceous 
chondrites, for example PAHs [4] or amino acids [5, 6] 
but most of the chondritic carbon occurs as macromo-
lecular insoluble organic matter (IOM). Bulk isotopic 
compositions of chondritic IOM are around 1000‰ for 
δD, -19‰ for δ13C and 25‰ for δ15N (values can be a 
little bit lesser or greater depending on the sample and 
the authors). 

However, several authors have raised the problem 
of the lack of homogeneity in the isotope composition 
in the IOM. This has been especially shown using step 
combustion experiments but did not allow determining 
if this non-homogeneity occurs at the molecular level 
[1, 2]. To address this question, it is necessary to as-
sess compound specific isotope composition by com-
bining gas chromatography and isotope ratio mass 
spectrometry (GC-irMS). In this respect, a compound 
specific carbon isotope composition study was per-
formed on the aromatic compounds generated through 
flash and hydrous pyrolysis of Orgueil and Murchison 
IOM [7, 8]. δ13C of aromatic compounds produced in 
these experiments on Orgueil and Murchison IOM 
were measured showing a specific isotopic signature 
(enrichment in 13C compared to terrestrial samples) 
and an heterogeneity within the sample (δ13C depend-
ing on the number of carbon). As stressed above, ex-
ceptional D-enrichments are observed in extraterres-
trial samples. However, no measurement of hydrogen 
isotope composition was performed so far on individ-
ual structures from chondritic IOM.  

Due to the refractory nature of the IOM, building 
blocks of the macromolecular network can be released 
through chemical or thermal degradation. The chemi-
cal structure of carbonaceous chondrite IOM is based 
on polyaromatic moieties cross-linked by aliphatic 
chains. Thermal degradation chiefly yields the aro-
matic units and does not provide any structural infor-
mation on the aliphatic linkages. The latter can be de-
rived from oxidation using ruthenium tetroxide since 
this technique has been shown to be especially suitable 
to analyse the aliphatic chains linked to aromatic moie-

ties [9]. Indeed, it oxidizes the aromatic units and con-
verts ether and ester functions into acids. 

We have thus submitted the IOM isolated from the 
Orgueil and Murchison meteorite to ruthenium oxida-
tion and subsequently determined the hydrogen isotope 
composition of the individual oxidation products.  

Experimental: In the present work, the IOM was 
isolated from the Orgueil and Murchison meteorites by 
the classical HF/HCl treatment followed by thorough 
extractions with a mixture of CH2Cl2/MeOH, 2/1, v/v 
so as to remove any terrestrial contamination. IOM 
was then submitted to ruthenium tetroxide oxidation 
for 4 hours, at room temperature. Products were recov-
ered by filtration with methanol and dichloromethane. 
The products obtained were derivatized as their 
trimethylsilyl (TMS) esters prior to GC analysis. Com-
pound-specific hydrogen isotope analyses were per-
formed on a GV Instruments IsoPrime isotopic mass 
spectrometer coupled to a HP 6890 GC, fitted with a 
30 m fused silica column (DB5-MS, 0.32 mm i.d., 0.25 
µm film thickness). Ultra-high purity helium was used 
as carrier gas. The samples were injected in split mode 
and the injector temperature was set at 310 °C. Or-
ganic compounds separated by the chromatographic 
column are then instantaneously converted in H2 using 
a high temperature conversion system with chromium 
as catalyst at 1050 °C , prior to analysis in the irMS.  

In order to correct data for D contribution of TMS, 
δD of sylilating reagents was measured. Due to in-
complete chromatographic separation, signals of mass 
2 and HD (mass 3 corrected of H3

+ contribution) were 
deconvoluted. Values reported here are averages of the 
results obtained from each deconvolution on several 
GC-irMS runs. 

Results and discussion: Products released through 
ruthenium tetroxide oxidation of Orgueil and Murchi-
son IOM mainly consist of short aliphatic di- and tri-
acids and polycarboxylic aromatic acids. α,ω-
Aliphatic diacids, are related to aliphatic chains be-
tween two aromatic units, the two acid functions corre-
sponding to the aromatic carbons bearing the aliphatic 
linkage. The methyl and ethyl substituted counterparts 
of the linear diacids also contribute to the oxidation 
products. In Orgueil IOM, the carbon number of these 
diacids range from 3 to 9 carbon atoms, with a maxi-
mum at 4 and 5 carbon atoms. This gives for the first 
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time a direct information of the chemical structure of 
the aliphatic linkages in this type of material and con-
firms that these linkages are quite short (up to 7 carbon 
atoms) and branched. Moreover, they comprise ether 
and ester groups [10]. 

δD relative to SMOW values obtained for 6 com-
pounds produced by ruthenium oxidation of Orgueil 
IOM are reported on figure 1. These compounds are C0 
to C2-butanedioic and C0 to C1-pentanedioic acid, and 
result from the oxidation of aliphatic linkages with two 
and three carbon atoms. A smooth (but not regular) 
decrease in δD is observed from the shorter com-
pounds to the longer; δD ranges from 1270‰ (± 110) 
for butanedioic acid to 800‰ (± 78) for 1-
methylpentanedioic acid. The two isomers of 
methylpentanedioic acid (E and F) have, within confi-
dence interval, similar values, showing that there is no 
isomeric constrain on the H isotopic composition. 

Similar products were observed in the case of Mur-
chison IOM except a shorter length of the aliphatic 
chains [10]. As a result, the hydrogen isotope composi-
tion could only be determined for two oxidation prod-
ucts of Murchison IOM, namely butanedioic acid and 
methylbutanedioic acid. Values obtained are quite 
similar to those of Orgueil, with 1210‰ (± 134) for A 
and 927‰ (± 144) for B. 

It must be noted that all these values are related to 
not exchangeable hydrogen (all the hydrogen atoms 
except the one of the acid function added by the oxida-
tion). Even if aliphatic carbons are less abundant than 
aromatic ones (see NMR data [11, 12]), aliphatic hy-
drogens represent about 70% of the total hydrogens as 
aromatic units, being highly substituted, bear very few 
hydrogen atoms. Nevertheless, D-compound specific 
isotopic measurements are needed so as to determine if 
these two types of compounds share a common origin 
and to assess the organosynthesis that led to the chon-
dritic IOM. These measurements are in progress on 
aromatic compounds recovered by conventional pyro-
lysis of Orgueil IOM. 

Conclusion : For the first time, direct structural in-
formation is obtained on the aliphatic linkages in chon-
dritic IOM. Moreover, their individual hydrogen iso-
tope composition was determined leading to the first 
D-compound specific isotopic data on IOM. The 
values thus obtained are in the same range as those 
reported from previous bulk measurements, i.e. well 
out of the terrestrial range, showing a large enrichment 
in D. Moreover, the D isotopic composition is not 
similar  for all the short aliphatic chains in the IOM 
revealing that the previously mentioned isotopic het-
erogeneity of the IOM also exists at the molecular 
level.   
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Figure 1: Bar diagram showing the D isotopic compo-
sition (relative to SMOW) of aliphatic hydrogen of 
α,ω-aliphatic diacids representative of the aliphatic 
chains of Orgueil IOM. A means butanedioic acid, B 
methylbutanedioic acid, C ethylbutanedioic acid, D 
pentanedioic acid, E 1-methylpentanedioic acid, F 2-
methylpentanedioic acid. 
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