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INTRODUCTION

• Carbonaceous chondrites, some of the most primitive material in the solar system, contain an abundance of abiogenic organic 
compounds. Of particular interest are the aldehydes and ketones, commonly known as “carbonyl compounds”, which may play an 
important role as precursors of amino acids and other organic compounds, such as monocarboxylic acids (MCAs) [1].

• Carbonyl compounds are potential precursors in the production of meteoritic amino acids through the Strecker-cyanohydrin synthesis 
reaction. This process is a proposed source of α-amino acids and α-hydroxy acids in meteorites [2,3]. Beyond amino acid production, 
aldehydes and ketones may also play a role in the formation of a range of organic compounds through various processes, as 
summarized by Simkus et al. [4] (Figure 1). Aldehydes and ketones have also been found beyond meteorites and have been 
documented in both the interstellar medium and comets [5].

• The aim of this study is to develop effective advanced curation techniques for the handling of extraterrestrial materials, particularly 
those containing volatile organic compounds such as carbonyl compounds. As a result, the reactivity of carbonyl compounds under a 
variety of curation conditions will be examined to provide insight into the curation and handling requirements of organic-rich materials 
with applications for meteorites, asteroidal sample return, and cometary sample return.

METHODOLOGY

• The Allende meteorite, which fell in Chihuahua, México, on 
9 February 1969 at 1:05 a.m. (26°58′ N, 105°19′ W [7]) is 
the largest carbonaceous chrondrite ever recovered, with 
over 2 tonnes of material gathered.

• Previous studies have shown the intrinsic concentration of 
total aldehydes and ketones within Allende to be 284 nmol 
g-1 (formaldehyde is the most abundant at 221.7 nmol g-1 or 
6.6 ppm) [6]. 

• Two procedural blanks will be used in this study, acting as 
controls.

• The first blank will be pure silica, which will undergo the 
same conditions as the experimental Allende-carbonyl 
mixture. The same mixture of carbonyl compounds will be 
added to the silica blank so that an understanding of the 
role the meteoritic material is playing versus just an inert 
medium.

• The second blank will be powdered Allende without 
aldehydes and ketones added. 

WORK TO DATE

• A 15.0 g amount of Allende (MET 7100/A-207; Figure 3) 
has been powdered with a sterilized mortar and pestle in a 
cleanroom and is ready for the series of experiments.

• A test between a silica gel versus sand-sized silica 
concluded that sand-sized silica is better suited for the 
inert medium control (Figure 4).

• A dichloromethane (DCM) extraction of Allende was 
conducted to determine the baseline level of organic 
compounds (Table 1).

• A simple test where the Allende-carbonyl mixture was 
extracted and derivatized following the Simkus et al. 
methodology [4] produced mixed results. Of the 8 
compounds added through the stock solution, 4 were 
successfully derivatized:

• Acetaldehyde
• Benzaldehyde
• Acetone
• 2-Pentanone

• Benzophenone was extracted and detected in the GC-MS 
analysis, but it was not present in its derivatized form.

• Work is ongoing to adapt the methodology to ensure 
complete derivatization of all 8 compounds. 

ALLENDE 

• The Allende-carbonyl mixture will be stored in three environments: a class 1000 
cleanroom at 25℃; a class 1000 cleanroom at -15℃; and a -15℃ Argon atmosphere 
glove box. This will assess how the carbonyl compounds react over time at different 
temperatures and under different atmospheric conditions. 

• To test what affects the availability of water has on any reactions, a fixed volume of water 
will be added to a subset of samples. Similarly, ammonia will also be added to each 
sample to observe how the presence of ammonia affects the preservation of the carbonyl 
compounds.

• In this way, five main variables are assessed through this study: meteoritic material as a 
reactive medium; temperature effects; argon atmosphere vs. ambient air; the presence of 
water; and the presence of ammonia. 

• The extraction of the carbonyl compounds will follow the procedure described by Simkus
et al. [4], which showed a high extraction efficiency as compared to other studies [6]. 

• This procedure uses a hot water extraction method using ultrapure water followed by 
derivatization using O-(2,3,4,5,6-pentafluorobenzyl) hydroxylamine hydrochloride and 
separated using dichloromethane. The extractions will then be analysed by gas 
chromatography coupled to mass spectrometry (GC-MS).

ANTICIPATED RESULTS

• Given the known reduction of reaction rates and 
preservation of intrinsic volatile organic compounds 
associated with cold curation [8], it is anticipated that any 
reactions involving the carbonyl compounds will be 
reduced in colder temperatures. 

• It is anticipated that the argon atmosphere will reduce any 
oxidation reactions that would otherwise take place in 
ambient atmospheric conditions. Suggesting the -15℃
Argon atmosphere glove box will be the best environment 
for curation.

• It is expected that the powdered Allende meteorite, as 
compared to inert silica, will better retain the carbonyl 
compounds due to stronger chemisorption onto the 
surface of the various silicate phases present [9]. 

Figure 1: Taken from Simkus
et al. [4], an illustration of the 
different reaction pathways for 
the simplest aldehydes (A) 
and the simplest ketones (B). 
Compounds include: 
carbonyl(1), amino acid(2), 
hydroxy acid(3), carboxylic 
acids(4), alcohol(5), and 
amines(6).

CONTROLS

Retention Time 
(min)

Compound

4.612 Sulfur dioxide
16.947 Dodecane, 2,6,11-trimethyl-
17.873 1-Decene, 4-methyl-
18.571 Dibutyl phthalate
18.854 Triacontyl acetate

19.791 Nonadecane, 9-methyl-
20.695 Octane, 3,5-dimethyl-
21.589 Sulfurous acid, 2-ethylhexyl octadecyl ester
22.624 Sulfurous acid, butyl tetradecyl ester

• To examine the reactivity of carbonyl compounds, several aldehydes and ketones will be added to a powdered mixture of the Allende 
meteorite and then stored under various known curation conditions.

• A stock solution of acetone, 2-butanone, 2-pentanone, benzophenone, formaldehyde, acetaldehyde, propionaldehyde, and 
benzaldehyde (all known to be found in meteoritic and cometary materials), has been created and will be added to Allende.

Figure 2: 1 g of powdered Allende mixed 
with 0.2 mL of the stock solution containing 
8 carbonyl compounds.

Figure 3: Photograph of Allende (MET 7100/A-207) prior 
to being powdered.

Figure 4: Photograph of the powdered Allende (MET 7100/A-
207) alongside the silica control during the first test of the 
methodology. Two grain sizes of silica were used to see which 
would best for the experiments moving forward.

Table 1: Compound found within the DCM extraction of 
Allende powder.
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