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Introduction: The organic matter in carbonaceous chon-

drites offer a unique glimpse into the organic chemistry oc-
curred in the interstellar molecular clouds and subsequent 
reactions happened during asteroidal processes. Over the 
past several decades, a spectacular array of polar and nonpo-
lar organic compounds have been found in carbonaceous 
chondrites [see 1-3 for reviews and references therein]. 
Many of the meteoritic organic compounds, such as amino 
acids, carbohydrates and carboxylic acids, are structurally 
identical or similar to biomolecules that have been found and 
serve essential functions in terrestrial life. It has been hy-
pothesized that meteorite organic compounds could have 
seeded early Earth with a critical inventory of prebiotic or-
ganic compounds that then lead to the origin of life on Earth 
[4]. One prominent support for this external delivery hy-
pothesis by carbonaceous chondrites is that enantiomeric 
excess (ee) has been unamibiguously detected in meteorite 
amino acids [5,6,7], whereas no other proposed abiotic or-
ganic synthetic pathways (e.g., Fischer Tropsch reactions, 
Miller-Urey reactions, hydrothermal synthesis, impact sythe-
sis etc.) have been shown to be capable of yielding chiral 
organic compounds in the absence of initial chiral agents. 
The prominence of chirality in the biochemistry of extant life 
requires that any proposed theories for the origin of life be 
capable of rationalizing the emergence of molecular asym-
metry.  

Despite the overwhelming importance of chirality in un-
derstanding the role that meteorites may have played in the 
origin of life on Earth, the only type of organic compounds 
that undergone extensive examination for their chiral asym-
metry in carbonaceous chondrites is amino acids. One recent 
study [8] show the existence of chiral asymmetry in the in-
soluble organic matter (IOM) by using an ultra-sensitive 
asymmetry amplification reaction [9]. However, the study 
[8] does not provide information on the quantity of original 
ee present in the samples, nor does it attribute chirality to 
any specific structural moieties in the IOM.  

The origin of enantiomeric excess of amino acids in car-
bonaceous chondrites has been a focus of much speculation. 
A prominent hypothesis is the selective destruction of the D-
α-amino acid relative to L-form by the UV circularly polar-
ized starlight [10,11]. If this hypothesis is true, however, 
other organic compounds present simultaneously with amino 
acids in the interstellar medium must also be similarly af-
fected, as long as they also possess chiral center in their mo-
lecular structures. The goal of current study is to explore the 
molecular asymmetry in the monocarboxylic acids (notably 
the most abundant soluble compounds in carbonaceous 
chondrites) from both the water soluble fraction and those 

derived from IOM aliphatic side chains in carbonaceous 
condrites in order to further test the the UVCPL hypothesis.  

Procedures: The powdered Murchison and Orgueil me-
teorite samples were first extracted with double-distilled 
water for 24h at 110oC under vacuum. After extraction, the 
solution were adjusted to pH >10 using NaOH solution and 
subjected to rotary evaporation. The  volume-reduced solu-
tion is then transferred to a 2 mL vial and acidified just prior 
to analyses using SPME coupled with GC and GC-MS 
analyses [12]. The solvent extraction residues were treated 
with HCl 4 mol L-1 and then demineralizated  using a mixed 
CsF-HF solution [13,14]. Basically, the CsF-HF solution 
attacks the silicate minerals by producing HCl soluble fluo-
ride salts and liberating the IOM. The IOM samples were 
subsequently treated with ruthenium tetroxide [15] to oxidize 
the aromatic cores and convert the aliphatic side chains into 
monocarboxylic acids (MCAs) [16]. The monocarboxylic 
acids in water soluble fractions and IOM derived fractions 
were analyzed quantitatively using solid phase micro extrac-
tion (SPME) coupled with GC-FID, followed by GC-MS for 
identification.  SPME provides excellent recovery for mono-
acids [12]. Subsequently a chiral GC column (γ-DEXTM 120, 
30m×0.25mm×0.25µm) installed on a GC-FID is used for 
separation of monoacid enantiomers in order to determine 
the possible enantiomeric excesses.  

Results and discussion: In this report we will pay par-
ticular attention to the moncarboxylic acids derived from 
RuO4 oxidation of the IOM residues, because: 1) there is 
little chance for terrestrial contamination of IOM, and 2) due 
to insoluble nature, the chiral centers on aliphatic side chains 
of the IOM cannot be racimized during aquesous alteration, 
hence will preserve their interstellar molecular asymmetry (if 
present). We will focus on two enatiomeric pairs of com-
pounds: 2-methly hexanoic acid and 2-ethyl hexanoic acid, 
in this discussion because they are completely resolved by 
the chiral GC column and careful GC-MS examination 
showed no coeluting compounds (Fig.1). Based on GC-FID 
quantification, the peak areas of the well-separated enanti-
omers for both compounds are identical within analytical 
error. The water soluble monocarboxylic acids also show 
identical peak areas for the enantiomers of the above two 
compounds. We therefore conclude these two monoacids do 
not contain enantiomeric excess.  

Our results have important implications for understand-
ing the origin of chirality in carbonaceous chondrites. Hy-
drogen isotopic ratios of individual branched amino acids 
and monocarboxylic acids are the highest among all com-
pound classes in carbonaceous chondrites (amino acids, 500 
to 3500 ‰, branched monoacids, 800 to 2000 ‰) [3, 12], 
indicating that both classes of compounds are initially 

 1

Lunar and Planetary Science XXXVIII (2007) 1798.pdf



formed in the cold interstellar environments via similar radi-
cal and ion reactions. If UVCPL lead to selective destruction 
of D-amiono acids and enrichment of the L-amino acids, it 
should also have induced similar ee for the monocarboxylic 
acids. The fact that aliphatic sides chains “frozen” onto the 
meteorite IOM (the high D/H ratios of IOM of carbonaceous 
chondrites also attest to their interstellar sources) are racemic 
mixtures argue against UVCPL as the source of chiral 
asymmetery observed in amino acids of carbonaceous chon-
drites. In fact, the UVCPL theory is already having difficulty 
explaining 15 % ee observed in isovaline in Murchison [3], 
as the theoretical limit for ee induced by UVCPL has been 
shown to be 9 % at most [17]. The significance of our results 
are further augmented when one considers that monocarbox-
ylic acids are the most abundant soluble organic compounds 
in carbonaceous chondrites, about 6 times higher in abun-
dance than amino acids [18]. Our results suggest that both 
amino acids and monocarboxylic acids may have arrived at 
asteroidal stage as racemic interstellar molecules: it is the 
late stage synthesis or modification on the surface of or 
within the asteroidal parent bodies that ultimately lead to 
enantiomeric excess in these compounds. Such reactions can 
be catalyzed by asymmetric catalysts residing in either or-
ganic or mineral phases [3]. In the case of amino acids, ee 
could also be formed by Strecker synthesis involving asym-
metric catalysts [19].   

Conclusion: Our results dispute UVCPL as the source 
for chiral asymmetry in carbonaceous chondrites. Instead, 
reactions involving asymmetric catalysts on the asteroidal  
bodies may have been more important in giving rise to enan-

tiometic excess observed in amino acids and other organic 
compounds of carbonaceous chondrites.  
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Figure 1 – Partial gas chromatograms 
showing the distribution of monocarbox-
ylic acids in Murchison and Orgueil IOM 
samples following RuO4 oxidation of in-
soluble organic matter (IOM). The shade 
peaks are enantiomers of monocarboxylic 
acids. The chiral carbons in the acids are 
marked with *.  
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