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The search for pre-biotic species
A Thepéptide bond: CO-NH _

Important bond in biochemistry
~ (link between two amino-acids)

| Several species detécted with - | pep_ti'de--l.ike bond
(e.g. NH,CHO, CH;NCO) or a peptide bond (HNCO)



Th‘e Search 'for pre-biotic Spgcies

Glycine
(NH,CH,COOH) s
i

Methylamine Cyanamide . Amlnoacetonltrlle

= Glycolaldehyde Methyl Formate ~ Acetic Acl-d__ |
~ HOCH,CHO : HCOOCH; . . CH;COOH

- Hydroxylamine ~ ~ Acetamide 'Formamide
"N'MEthyl Formamide  lsocyanic Acid (+isomers) | - Methyl Isocyanate

-) Understand the chemlstry of glycme precursors and
i COM related spemes
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Modelllng of NHZCHO CH3NCO HNCO (& |somers)

UCLCHEM (V|t| et al. 2004; Holdshlp et al. 2017)

- Gas-phase + dust grain chemical code (364 species:; 3446 réaCtions)

Recently proposed gas-phase/grain-surface reactions
e | for HNCO and CH,NCO (+ iSomeys)
# = grain surface :

Reactions Reference

Isocyanic Acid - HNCO/HOCN/HCNO
Complex gas/grain network Quan et al. (2010)
#NH + #CO — #HNCO Fedoseev et al. (2015)

Methyl Isocyanate — CH3;NCO
HNCO + CH; — CH3NCO + H Halfen et al. (2015)

#CHj3 + #OCN — #CH;3NCO Belloche et al. (2017) ; Ligterink et al. (2017)
#CH; + #HNCO — #CH;3;NCO + #H Ligterink et al. (2017)

#CH3 + #HNCO — #CH4 + #OCN Ligterink et al. (2017)

#CH3;NCO + #H — #CH3;NH + #CO Ligterink et al., private communication




 Modelling of NH,CHO, CH;NCO, HNCO (& isomers)

New theoretical calculations from Majumdar et al. .(2018)

Reaction o' B v
HNCO + CHs — CH3NCO + H 1.00 x 10— 10 0 8.04 x 103
CH3NCO + Hg™t — CH3NCOH™T + Hj 1.00 x 10—° -0.5 0
CH3NCO + HCO™T — CH3NCOHT + CO 1.09 x 102 -0.5 0
CH3NCO + HT — CH3NCOT + H 1.00 x 10—° -0.5 0
CH3NCO + CcO™T — CH3NCOT + CO 1.00 x 102 0.5 0
CH3NCO + He™T — CH3NCOT + He 1.00 x 109 -0.5 0
CH3NCOT + e — CH3 + OCN 1.50 x 107 -0.5 0
CH3NCOHT + e — CH3NCO + H 3.00 x 10— 7 -0.5 0
CH3NCO + CRP — CH3 + OCN 4.00 x 103 0 0
CH3NCO + Photon — CH3 + OCN 5.00 x 10719 0.0 0
HCN + s-CO — s-HCN...CO 1 0 0
s-HCN...CO + s-H — s-HoCNCO 1 0 2.40 x 103
s-HoCNCO + s-H — s-CH3NCO 1 0 0
s-CHs + s-HNCO — s-CH3NCO 1 0 8.04 x 103
s-CHg + s-OCN — s-CH3NCO 1 0 0
s-CHg + s-OCN~ — s-CH3NCO + e 0 0 0
s-N + s-CH3CO — s-CH3NCO 1 0 0
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 Modelling of NH,CHO, CH;NCO, HNCO (& isomers)

New theoretical calculations from Majumdar et al. .(2018)

Reaction o' B v
HNCO + CHs — CH3NCO + H 1.00 x 10— 10 0 8.04 x 103
CH3NCO + Hg™t — CH3NCOH™T + Hj 1.00 x 10—° -0.5 0
CH3NCO + HCO™T — CH3NCOHT + CO 1.09 x 102 -0.5 0
CH3NCO + HT — CH3NCOT + H 1.00 x 10—° -0.5 0
CH3NCO + CcO™T — CH3NCOT + CO 1.00 x 102 0.5 0
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CH3NCOT + e — CH3 + OCN 1.50 x 10— 7 -0.5 0
CH3NCOHT + e — CH3NCO + H 3.00 x 107 -0.5 0
CH3NCO + CRP — CHs + OCN 4.00 x 103 0 0

HCN + s-CO — s-HCN...CO
s-HCN...CO + s-H — s-Ho CNCO
s-Ho CNCO + s-H — s-CH3NCO

s-CH3z + s-OCN — s-CH3NCO 1 0 0




 Modelling of NH,CHO, CH;NCO, HNCO (8 isomers)

Recently proposed gas-phaselgraln-surface reactlons |

for NH,CHO

Reference

Reactions

Formamide — NH,CHO

NH, + H,CO — NH,CHO + H Skouteris et al. (2017)
#HNCO + #H — #NH, + #CO Song & Kastner (2016)
#HNCO + #H — #H,NCO Song & Kistner (2016)
#H,NCO + #H — #NH,CHO Song & Kastner (2016)
#H,NCO + #H — #HNCO + #H, Noble et al. (2016)

#NH, + #HCO — #NH,CHO Fedoseev et al. (2016)
#NH, + #HCO — #NH;3; + CO Fedoseev et al. (2016)
#NH, + #H,CO — #NH,CHO + #H Fedoseev et al. (2016)
#NH, + #H,CO — #NH; + #HCO Fedoseev et al. (2016)
#H,NCO + #CH3; — #CH3;CONH,» Belloche et al. (2017

(2017)
#NH,CHO + #OH — #H,;NCO + #H,0  Belloche et al. (2017)
#NH,CHO + #CH, — #CH3;CONH, Belloche et al. (2017)

(81.0Z) “Ie 3@ paeusnp




Observ’ational constraints

COMs in the pre-stellar core L1544

. O- bearmg and N- bearmg COMS are more abundant at r~ ~4000 AU
(methanol peak position) (Jiménez-Serra et al. 2016)

Important non-detection:
Core centre Methanol peak

X [NH,CHO] < 2.4x10-3 X [NH,CHO] < 6.7x10-"3 |
X [CH,NCO] < 2.0x102 X [CH,NCO] < 6.0x10-' [




Observ’ational constraints

COMs in the pre-stellar core L1544

. O- bearmg and N- bearmg COMS are more abundant at r~ ~4000 AU
(methanol peak position) (Jiménez-Serra et al. 2016)

Important non-detection:
Core centre Methanol peak

X [NH,CHO] < 2.4x10'* X [NH,CHO] < 6.7x10-13
X [CH;NCO] < 2.0x10"2 X [CH,NCO] < 6.0x10*2

IRAS16293-2422 hot corino and envelope |

‘Recent detectlon of CH3NCO toward the hot corino B!
s (Ma'rtin_-DOménech et al. 2017, Ligterink etal. 2017)

s - NHZCHO observation from =
Jaber et al. (2014) and Lopez-SepuIcre et al. (2015)
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‘NH,CHO chemistry

» Gas phase chemistry

» Grain surface chemistry:
= Radical-radical reactions
= Hydrogenation
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HNCO & H2CO VS NH,CHO

Mendoza et aI (2014) and Lopez-SepuIcre et aI (2015)
Observational correlation & Chemical correlation between the two?

Modelling of NH,CHO (no hydrogehation from HN’CO)' |
=» Physical (environmental) correlation depending mainly on the
temperature that triggers different chemical processes.

Models x Models
Observations :
Mendoza+2014 obs. ) o B - * Observations
L.-S.+2015 obs. - 0 Mendoza+2014 obs.
-9 ——Models fit G ] -9 —Models fit

- - Obs. only fit - - Obs. only fit

- Mendoza+2014 fit o + ,
[ L -S.42015 fit ‘ ] 10l Mendoza+2014 fit
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Conclusmns

> Modelllng of N bearlng COMs predlcts abundances of NH2CH0
~ CH;NCO (and isomers), HNCO (and. isomers). |n L1544 and
IRAS16293B -y
= L1544: methanol peak
= IRAS16293 B: hot corino and coId envelope

- Both gas- phase and grain-phase chemistry are needed to explaln
the observed abundances of NH,CHO -~ - T |

» .Hydrogenation of HNCO tends to overestlmate the
NH,CHO abundance compared to radical- -radical _reactlons

,> The observed correlatlon between HNCO and NH,CHO may come
from an environmental correlation (temperature) rather than a
chemlcal correlatlon -






