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Introduction: Carbonaceous chondrites are among 

the oldest and most primitive materials in the Solar 

System. Their organic content can be used to decipher 

the history of prebiotic organic chemistry and how it 

may have resulted in the development of life. Several 

types of organic compounds have been identified in 

carbonaceous chondrites, including monocarboxylic 

acids (MCAs) and other structurally related aliphatic 

molecules [1]. Meteoritic MCAs may form from the 

oxidation of alcohols and aldehydes and from the de-

amination of amino acids (Scheme 1), with both mech-

anisms potentially occurring under aqueous and ther-

mal processing inside the asteroid parent body.  

Scheme 1. Potential formation mechanisms of the 

MCA propionic acid. 

 

MCAs constitute the most abundant class of water-

soluble organic compounds in the CM2 Murchison 

meteorite [2]. MCAs are of potential astrobiological 

importance as long-chain MCAs are found in biologi-

cal membranes and may therefore be important for the 

origins of life on Earth. MCAs and amino acids may be 

related through the addition or loss of ammonia 

(Scheme 2); MCAs, like some amino acids, may also 

be chiral. The delivery of enantiomerically enriched 

amino acids inside meteorites and comets to the early 

Earth may have contributed to the development of ho-

mochirality [3]; understanding the relationship between 

amino acids and their structurally analogous MCAs 

may shed light on their prebiotic break in symmetry. 

Additionally, water-soluble organic meteoritic com-

pounds often show distinctive isotopic compositions 

(D/H, 
13

C/
12

C, 
15

N/
14

N) compared to those of their ter-

restrial analogs. Thus, the study of meteoritic MCAs 

can provide information about the prebiotic synthesis 

of amino acids and other carbonyl compounds present 

in meteorites, and about the processes that occurred 

inside their asteroid parent bodies. 

Scheme 2. MCAs and amino acids are structurally 

related through the loss or addition of ammonia (three 

examples shown below). 

 

The molecular distributions and abundances of 

MCAs have been previously evaluated from various 

carbonaceous chondrites in their underivatized form 

using liquid chromatography [4] and gas chromatog-

raphy (GC) coupled to varying detectors such as flame 

ionization and mass spectrometry (MS) [5]. Given the 

high volatility of MCAs, however, some degree of iso-

topic fractionation using these methods may be una-

voidable [6]; thus, analyses of these compounds in their 

underivatized form may result in biased data. In this 

light, the derivatization of MCAs is desirable for the 

analyses of their molecular distribution and abundance, 

including enantiomeric compositions. MCAs have pre-

viously been evaluated after derivatization using GC-

MS either alone or coupled with multiple reaction 

monitoring (MRM) [7,8]. Potential difficulties for 

derivatization are the high volatility of derivatized 

MCAs [7] and the formation of a large suite of derivat-

ization byproducts that may alter the measured isotopic 

composition of meteoritic MCAs [8]. Indeed, the use of 

MRM as a detector after GC was needed because of 

the large levels of byproducts generated during the 

derivatization step [8]. Therefore, a single method ca-

pable of yielding MCA-derivatives with low levels of 

volatility and byproduct formation for the simultaneous 

quantification of abundance, enantiomeric composi-
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tion, and isotopic distribution of meteoritic MCAs is 

needed.  

We will present advances towards the development 

of a novel method for the simultaneous chiral and iso-

topic analyses of meteoritic MCAs. In this study, we 

separated sixteen branched and unbranched short 

chained MCAs (Figure 2). After optimization of the 

method using laboratory standards, the method will be 

rigorously tested with terrestrial soils and mineral me-

teorite analogs before meteorite samples are analyzed. 

This is a laborious process to optimize as the tests must 

be shown to produce reproducible results on the nano-

mole scale before applying it to meteoritic materials. 

Our innovative method for the analysis of meteoritic 

MCAs will allow the measurement of a clear abun-

dance of the least-hindered short-chained (≤ 6 carbons) 

MCAs, including chiral MCAs. Finally, we hope that 

the methods developed here can be rigorously tested 

enough for analysis of samples returned by missions 

such as OSIRIS-REx. Analysis of a returned sample 

with a known parent body will put into perspective the 

results of the organic content analysis of analyzed me-

teorites and will contribute towards further progress of 

understanding the origins of the organic matter in the 

Solar System. 

Figure 2. Initial separation of the 16 listed MCA’s seen using a GC-MS triple quad; derived from the refined la-

boratory method. Different abundances are seen mostly due to variation in steric hindrance. Chiral MCA’s have been 

successfully separated into S and R forms. Compounds in chromatogram: [1] acetic acid; [2] propanoic acid; [3] 

isobutyric acid; [4] 2,2-dimethylpropanoic acid; [5] butyric acid; [6] (R,S)-2-methylbutyric acid; [7] isopentanoic 

acid; [8] 2,2-dimethylbutyric acid; [9] 3,3-dimethylbutyric acid; [10] pentanoic acid; [11] 2-ethylbutyric acid; [12] 

(R,S)-2-methylpentanoic acid; [13] (R,S)-3-methylpentanoic acid; [14] 4-methylpentanoic acid; [15] hexanoic acid; 

[16] benzoic acid (not shown in chromatogram); [RB] reaction byproduct. 
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