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Cumulated
H2O&NH3 effects
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VHRMS (orbitrap) analyses of organic residues
(H2O/NH3/CH3OH =3/1/1)

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

Negative ESI mode = [M-H]- analysis
Molecules with proton donnor chemical functions (e.g. carboxylic acid –COOH)

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
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Collaboration with R. Thissen (IPAG, Grenoble, France) and P. de Marcellus, L. d’Hendecourt (IAS, Paris, France)

From an ice uniquely formed of H2O:CH3OH:NH3

VUV + warming

=

Thousand of molecules with masses

up to 4,000 Da -> macromolecules

=

Complex and rich chemistry

=

Important molecular diversity

Danger et al., 2013, Geochim.Cosmochim.Acta, 118 , 184/ Danger et al., 2016, Geochim.Cosmochim.Acta, 189 , 184
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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 molecules for prebiotic chemistry

Amino acids

Dipeptides

Sugars

Nucleobases

Munoz-Caro et al., 2002, Nature, 416, 403 Kaiser et al., 2013, ApJ, 765, 111

Nuevo et al., 2014, ApJ, 793,125 Meinert et al., 2016, Science, 352,208



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

H2O, CH3OH, NH3,
CO2, CH2O…

High energetic

processes
heating

Soluble

Insoluble

Interstellar ice Molecular reactivity Soluble material Insoluble material

High energetic

processes

Primary processing

Formation of interplanetary bodies

Secondary processing

Refractory
compounds

VOC



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

Bergin et al., 2015, PNAS, 112, 8965 Fresneau et al., 2017, ApJ, 837, 168



Complex ices
Variability  of residues

Fresneau et al., 2017, ApJ, 837, 168



Complex ices
Comparison to observations
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