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Introduction: Homochirality of amino acids in
proteins and sugars in DNA and RNA is a critical fea-
ture of life on Earth. In the absence of a chiral driving
force, however, reactions leading to the synthesis of
amino acids and sugars result in racemic mixtures. It is
currently unknown whether homochirality was neces-
sary for the origins of life or if it was a product of early
life. The observation of enantiomeric excesses of cer-
tain amino acids of extraterrestrial origins in meteorites
provides evidence to support the hypothesis that there
was a mechanism for the preferential synthesis or de-
struction of a particular amino acid enantiomer [e.g., 1-
3]. The cause of the observed chiral excesses is un-
clear, although at least in the case of the amino acid
isovaline, the degree of aqueous alteration that oc-
curred on the meteorite parent body is correlated to the
isovaline L-enantiomeric excess [3, 4]. This suggests
that chiral symmetry is broken and/or amplified within
the meteorite parent bodies.

Besides amino acids, there have been only a few
reports of other meteoritic compounds found in enanti-
omeric excess: sugars and sugar acids [5, 6] and the
hydroxy acid lactic acid [7]. Determining whether or
not additional types of molecules in meteorites are also
present in enantiomeric excesses of extraterrestrial
information will provide insights into mechanisms for
breaking chiral symmetry. Though the previous meas-
urements (e.g., enantiomeric composition of lactic acid
[7], and chiral carboxylic acids [8]) were made by gas
chromatography-mass spectrometry, the potential for
increased sensitivity of liquid chromatography-mass
spectrometry (LC-MS) analyses is important because
for many meteorite samples, only small sample masses
are available for study. Furthermore, at least in the case
of amino acids, many of the largest amino acid enanti-
omeric excesses were observed in samples that con-
tained lower abundances (tens of ppb) of a given amino
acid enantiomer. In the present work, we describe our
efforts to develop highly sensitive LC-MS methods for
the analysis of chiral carboxylic acids including hy-
droxy acids.

Analytical Methods: Carboxylic acid and hydroxy
acid standards were purchased from Sigma Aldrich,
Acros Organics, TClI America, or custom-synthesized.
Resolution of enantiomers was achieved by derivatiz-
ing carboxylic and hydroxy acids with chiral derivati-

zation reagents to form diastereomers that could be
seprated using achiral stationary phases.

Results and Discussion: We have developed rea-
sonable methods for the separation of broad suites of
carboxylic acid and hydroxy acid isomers, and are in
the process of optimizing extraction procedures to
permit the analysis of chiral hydroxy and carboxylic
acids in a range of carbonaceous chondrite meteorites.
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