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Meteorites : Key pieces of evidence in Astrobiology

Reservoir of carbonaceous matter



Meteorites : reservolir of carbonaceous matter

25% of soluble organic matter
75% of insoluble organic matter :



Soluble organic matter

carbonaceous chondrites

Objectif : Comprehensive image of their molecular content
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Thousand of different molecular ions observed in the range m/z=150 a 1000

‘ unprecedented molecular diversity




Soluble organic matter

carbonaceous chondrites

More than 500 structures identified
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Reservoir of organic matter

Amino acid
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Insoluble organic matter

carbonaceous chondrites

IOM
C100H70012N382
HIC=0.7;0/C=0.12;N/C=0.03;S/C=0.02




From Astrochemistry to Prebiotic Chemistry: Organic Matter Evolution
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» Pre-accretional process: What sort of organic matter is generated

» Post-accretional process: How the pre-accrational organic matter evolved

» Planeraty Chemistry: what conditions for a prebiotic chemistry 7



Astrophysical ices as a source of molecular diversity







Astrophysical ices

A source of VOCs in astrophysical environments

Volatile Organic Compounds

10



asthochemisgiy? Principle of the VAHIIA device NR

N T Recovery and analysis of VOC by GC-MS ANR-12-J508-0001
2012-2015

Vacuum chamber (10° mbar)

Ice formation in simulated conditions

Abou Mrad et al.,, Anal. Chem., 2014, 86, 8391



Ice H,0:CH;O0H:NH,

Analysis with the VAHIIA system — products identified
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Ice H,0:CH;O0H:NH,
Analysis with the VAHIIA system — products identified
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Evolution of interstellar icy grains

Toward the formation of complex organic matter in interplanetary bodies
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Evolution of interstellar icy grains

Toward the formation of complex organic matter in interplanetary bodies
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asthochemistry 7 Soluble organic residue from ice processing NR
- \Il 4 ANR-16-CE29-0015
2016-2021
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Soluble organic residue from ice processing

Most abundant molecules Chemical functions identified
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Soluble organic residue from ice processing: untargeted analyses

Collaboration with R. Thissen (IPAG, Grenoble, France)
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UHRMS FT-Orbitrap Analysis in Negative ESI mode = [M-H] analysis
Molecules with proton donnor chemical functions (e.g. carboxylic acid -COOH)
(H,O/NH,/CH;0H =3/1/1)

Danger et al., Geochim.Cosmochim.Acta, 2013, 118 , 184-201



Soluble organic residue from ice processing: untargeted analyses

Collaboration with R. Thissen (IPAG, Grenoble, France)
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Targeted analyses of soluble

Nucleobases

Cytosine
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Meteorites : reservolir of carbonaceous matter

25% of soluble organic matter
75% of insoluble organic matter 2



From soluble organic residues to unsoluble (H,O/NH,/CH,OH =3/1/1)

A scenario from extraterrestrial ices to soluble and insoluble materials
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Danger et al., A&A, 2022, 667, A120



From soluble organic residues to unsoluble (H,O/NH,/CH,OH =3/1/1)

A scenario from extraterrestrial ices to soluble and insoluble materials
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From soluble organic residues to insoluble (H,O/NH,/CH,OH =3/1/1)

Collaboration with C. Afonso (COBRA, Rouen, France)
A scenario from extraterrestrial ices to soluble and insoluble materials
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From soluble organic residues to insoluble (H,O/NH,/CH,OH =3/1/1)

Collaborations with C. Afonso (COBRA, Rouen, France) and L. Rémusat (IMPMC, Paris, France)
A scenario from extraterrestrial ices to soluble and insoluble materials
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» Pre-accretional process: an important molecular diversity is formed from soluble to insoluble

» Post-accretional process: How the pre-accrational organic matter evolved

» Planeraty Chemistry: what conditions for a prebiotic chemistry 26



Laboratory experiments: Simulate post-accretional processes

Collaboration with L. Remusat (MNHM,, Paris, France) et P. Schmitt-Kopplin (HelmholtzZentrum, Munich, Germany)

Aqueous alteration: soluble fraction analysis by ESI FT-ICR-MS

H,O
)
150°C

under water
pressure (6 bar)
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Laboratory experiments: Simulate post-accretional processes

Collaboration with L. Remusat (MNHM,, Paris, France) et P. Schmitt-Kopplin (HelmholtzZentrum, Munich, Germany)

Aqueous alteration: soluble fraction analysis by ESI FT-ICR-MS
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Laboratory experiments: Simulate post-accretional processes

Collaboration with L. Remusat (MNHM,, Paris, France) et P. Schmitt-Kopplin (HelmholtzZentrum, Munich, Germany)

Comparison to Soluble Organic Matter
Murchison meteorite
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Laboratory experiments: Simulate post-accretional processes

Collaboration with L. Remusat (MNHM,, Paris, France) et P. Schmitt-Kopplin (HelmholtzZentrum, Munich, Germany)

Comparison to Soluble Organic Matter
Murchison meteorite
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Laboratory experiments: Simulate post-accretional processes

Collaboration with L. Remusat (MNHM,, Paris, France) et P. Schmitt-Kopplin (HelmholtzZentrum, Munich, Germany)

Comparison to Soluble Organic Matter
Murchison meteorite
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» Pre-accretional process: an important molecular diversity is formed from soluble to insoluble
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