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Evolution of interstellar icy grains

Toward the formation of complex organic matter in interplanetary bodies
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asthochemisgiy? Principle of the VAHIIA device NR

ol oL Recovery and analysis of VOC by GC-MS ANR-12-J508-0001
2012-2015

Vacuum chamber (10° mbar)

Ice formation in simulated conditions

http://piim.univ-amu.fr/Projet-VAHIIA-Volatile-Analyses Abou Mrad et al., Anal. Chem., 2014,86,8391



Methanol CH,0H

An abondant source of reduces carbon in
interstellar and cometary ices

Volatile Organic Compounds
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Complex ices

Impact of the ice composition on VOC
abundances detected in the gas phase
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Complex ices

Impact of the ice composition on VOC
abundances detected in the gas phase
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VOC example: Acetaldehyde
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Complex ices

Impact of the ice composition on VOC
abundances detected in the gas phase
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VOC example: Acetaldehyde
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Impact of the ice composition on VOC
abundances detected in the gas phase
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Complex ices

Impact of the ice composition on VOC
abundances detected in the gas phase
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VOC example: Acetaldehyde
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Impact of the ice composition on VOC
abundances detected in the gas phase
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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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VHRMS (orbitrap) analyses of organic residues

(H,O/NH,/CH,OH =3/1/1)
Collaboration with R. Thissen (IPAG, Grenoble, France) and P. de Marcellus, L. d'Hendecourt (IAS, Paris, France)
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Negative ESI mode = [M-H] analysis
Molecules with proton donnor chemical functions (e.g. carboxylic acid -COOH)

Danger et al., 2013, Geochim.Cosmochim.Acta, 118 , 184/ Danger et al., 2016, Geochim.Cosmochim.Acta, 189 , 184



VHRMS (orbitrap) analyses of organic residues (H,O/NH,/CH,OH =3/1/1)

Collaboration with R. Thissen (IPAG, Grenoble, France) and P. de Marcellus, L. d'Hendecourt (IAS, Paris, France)
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Danger et al., 2013, Geochim.Cosmochim.Acta, 118 , 184/ Danger et al., 2016, Geochim.Cosmochim.Acta, 189 , 184



Evolution of interstellar icy grains

toward the formation of complex organic molecules in interplanetary objects
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Evolution of interstellar ices: Formation of complex organic molecules

Collaboration with P. de Marcellus, L. d’Hendecourt and R. Brunetto (IAS, Paris, France)
A scenario from extraterrestrial ices to soluble and insoluble materials

Residue (soluble)

300 K

0.25
IR spectrum
0.20-

Absorbance
o o
— —
o a

e
=)
a

0.00

'0-05 T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

de Marcellus et al., 2017, MNRAS, 464, 114



Evolution of interstellar ices: Formation of complex organic molecules

Collaboration with P. de Marcellus, L. d’Hendecourt and R. Brunetto (IAS, Paris, France)
A scenario from extraterrestrial ices to soluble and insoluble materials
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Evolution of interstellar ices: Formation of complex organic molecules

Collaboration with P. de Marcellus, L. d’Hendecourt and R. Brunetto (IAS, Paris, France)
A scenario from extraterrestrial ices to soluble and insoluble materials
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Evolution of interstellar icy grains

toward the formation of molecules for prebiotic chemistry
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Evolution of interstellar icy grains

toward the formation of complex organic molecules in interplanetary objects
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Evolution of interstellar icy grains

toward the formation of complex organic molecules in interplanetary objects
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Complex ices

Variability of residues
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Complex ices

Comparison to observations
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