
Method development towards the simultaneous enantiomeric 
and isotopic analyses of meteoritic monocarboxylic acids 

Intention

Results

• Presenting advances towards the development of a
novel method for simultaneous chiral and isotopic
analysis of meteoritic MCAs.

• This method is under development using a mixture
of 16 short chained monocarboxylic acids standards
(Table 1 and Figure 3) which has been tested with
soils and the Murchison meteorite (Figure 4).
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MCA’s are closely related to other organic compounds
as they can be the oxidation end products of alcohols
and aldehydes or they may form from the decomposition
of amino acids.[1] (Figure 1) MCAs are regarded as one
of the building blocks of life and are of astrobiological
relevance given that these molecules are some of the
most abundant water-soluble organic compounds in the
CM carbonaceous chondrite meteorites.[2]

MCA Name Structure MCA Name Structure

Acetic [1] IsoPentanoic [7]

Propanoic [2]
2,2-

diMethylButanoic 
[8]

Butanoic [5]
3,3-

diMethylButanoic 
[9]

Pentanoic [10] 2-EthylButanoic 
[11]

Hexanoic [15]
2-

MethylPentanoic 
[12]

Isobutanoic [3]
3-

MethylPentanoic 
[13]

2,2-
diMethylPropanoi

c [4]

4-
MethylPentanoic 

[14]

2-MethylButanoic 
[6] Benzoic [16]

• Continue method development to get an increased
yield and isotopic quantification.

• Apply current method to a more meteorite samples
• Connect meteorites to homochirality in early earth

and the prebiotic synthesis of amino acids.
• Take this method forward to analyze sample return

missions such as OSIRIS- REx.

Introduction

The aim of this project is to simultaneously analyse 
the abundance, chirality, and δ13c isotopic 

composition of short chained monocarboxylic 
acids (MCA’s) using gas chromatography coupled 
to hybrid mass spectrometer isotope ratios mass 

spectrometer (GC-MS/IRMS).
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Table 1: A list of the MCA’s and their structures being used in this study as
these are the most to be found in extraterrestrial samples.

Figure 3. Initial separation of the 16 listed MCA’s seen using a GC-MS triple
quad; derived from the refined laboratory method. Different abundances are
seen mostly due to variation in steric hindrance. Chiral MCA’s have been
successfully separated into S and R forms.

Figure 2: MCAs and amino acids are structurally related through the loss or
addition of ammonia. Here are a few examples from this study of this
relationship.

MCAs are structurally related to amino acids and can
also by chiral (Figure 2). The delivery of left-handed
enantiomerically enriched amino acids inside meteorites
and comets to the early Earth may have contributed to
the development of homochirality [3].

Figure 1. Potential formation mechanisms of the MCA propionic acid
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• This project is still in progress and the extraction
and derivatization processes are being optimized

• Current optimization of the method is aiming for
higher derivatization yields.

• The use of NaOH to prevent MCA evaporation may
result in the neutralization of the reaction’s catalyst
leading to lower yields.

• It was expected the terrestrial samples may not be
very organically rich but it is well known that
Murchison is organically rich despite sample
heterogeneity observed in some cases.

• Water-soluble organic meteoritic compounds often
show distinctive isotopic compositions (D/H, 13C/12C,
15N/14N) compared to those of their terrestrial
analogs, which may provide information about their
synthesis inside cold interstellar environments.

Future Work
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Figure 4: GC-MS analyses of standards and different extracted samples.

Conclusions

Compounds in chromatograms: [1] acetic acid; [2] propanoic acid; 
[3] isobutanoic acid; [4] 2,2-dimethylpropanoic acid; [5] butanoic
acid; [6] (R,S)-2-methylbutanoic acid; [7] isopentanoic acid; [8] 2,2-
dimethylbutanoic acid; [9] 3,3-dimethylbutanoic acid; [10] pentanoic
acid; [11] 2-ethylbutanoic acid; [12] (R,S)- 2-methylpentanoic acid; 
[13] 3-methylpentanoic acid; [14] 4-methylpentanoic acid; [15] 
hexanoic acid; [16] benzoic acid (not shown in chromatogram); [RB] 
reaction byproduct.
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