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Chemistry on the Surface of Interstellar Grains
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Chemistry on the Surface of Interstellar Grains

UV, ions,e, T




Chemistry on the Surface of Interstellar Grains

co, mg,

CH,OH, NH.,

XCN (OCN)

Oberg et al. 2011, Boogert et al. 2015




Chemistry on the Surface of Interstellar Grains
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Gas-phase:

1) N + OH/CH — NOICN + H
2) N + NO/CN — N, + O/C

Solid-state (Vasyunin & Herbst 2013):
1I)N+NH —> N, +H




Chemistry on the Surface of Interstellar Grains

- To guide future JWST
observations

- By investigating the
possibility of utilizing future
OCN- and possible HNCO
observations as an
indicator for N, presence in
the solid-state
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Gas-phase:
1) N + OH/CH — NO/CN + H .
2) N + NO/CN — N, + O/C - Or utilizing other possible

Solid-state (Vasyunin & Herbst 2013): indicators

1I)N+NH —> N, +H




Congiu et al. 2012a, 2012b
Fedoseev et al. 2012
Minissale et al 2014
loppolo et al. 2014
Fedoseev et al 2015a,b
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HNCO = Peptide Bond
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Glycme — Alanine— Serine — Cystelne
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. Isocyanic acid and formamide are often suggested

to play a role in the formation of prebiotic
molecules, i.e. p_gpti_des
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. Sy, L.

Experimental Astrophysics Laboratory (LASP)

’ Pressure: ~10° mbar
&l Temperature: 15-300 K
B lon beams: 200 keV H*, He*, D* etc.
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. Sy, L.

Experimental Astrophysics Laboratory (LASP)

’ Pressure: ~10° mbar
&l Temperature: 15-300 K
B lon beams: 200 keV H*, He*, D* etc.
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Pressure: ~10° mbar
Temperature: 15-300 K
lon beams: 200 keV H*, He*, D* etc.




IR-source

T18812 KBr window

“\. e .’_- ‘_'- 5,-
IR spectroscopy:
- “in situ” ice analysis

- does not damage the ice

Pressure: ~10° mbar
Temperature: 15-300 K

lon beams: 200 keV H*, He*, D* etc. - provides kinetic data!




Typical examples of acquired IR spectra

lon irradiation of CH;0H:N, (1:1) ice at 17 K with 200 keV H* beam




| Typical examples of acquired IR spectra
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lon irradiation of CH;0H:N, (1:1) ice at 17 K with 200 keV H* beam
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| Typical examples of acquired IR spectra
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lon irradiation of CH;0H:N, (1:1) ice at 17 K with 200 keV H* beam
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| Typical examples of acquired IR spectra
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lon irradiation of CH;0H:N, (1:1) ice at 17 K with 200 keV H* beam

Wavelength (um)
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Wavenumber (cm ) Fedoseev et al. 2018
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| Typical examples of acquired IR spectra
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lon irradiation of CH;0H:N, (1:1) ice at 17 K with 200 keV H* beam

Wavelength (um)
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Fedoseev et al. 2018
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Typical examples of acquired IR spectra

Wavelength (um)
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Typical examples of acquired IR spectra

Wavelength (1um) Wavelength (um)
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Typical examples of acquired IR spectra

Fedoseev et al. 2018

Optical depth
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Examples of the obtained kinetic curves




. Examples of the obtained kinetic curves
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. Examples of the obtained kinetic curves

‘ HNCO + M — OCN- M* (acid-base interaction)
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Examples of the obtained kinetic curves
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Interpolation to dark cloud conditions




Interpolation to dark cloud conditions
Normalized formation yields obtained by interpolation b

CH;OH:N;(1:1) CO:CH4:N2(1:1:1) H,O:CH4:N2(1:1:1) H;0:CH4:NH; (1:1:1)
Dose eV/16u 0.05 0.05 0.05 0.05
HNCO 5x10° 3x10° 5x10®
OCN- 3x10°° 2x10°® 4x10° 2x10°

HCN/CN- 7x10° 1x10°° 1x10* 3x10°

lonization rate: 3x10-17 s-1 lon irradiation by 1 MeV H*
Time = 2x10° years Flux: ~1 cm2 s
(20 nm ice mantle)

Ky Fedoseev_et al. 2018



Interpolation to dark cloud conditions
Normalized formation yields obtained by interpolation b

CH;OH:N, (1:1) CO:CH4N,(1:1:1)  H,0:CH4gN,(1:1:1)  H,0:CHy:NH; (1:1:1)

Dose eV/16u 5 5 5 5
HNCO 5x103 3x10° 5x10*

OCN- 3x10° 2x10* 4x10* 2x10*

HCN/CN- 7x10° 1x10°3 1x10 3x10*

lonization rate: 3x10-17 s-1 lon irradiation by 1 MeV H*

Time = 2x107 years Flux: ~1 cm2 s
OR (20 nm ice mantle)

lonization rate: 1.3x10-1° s-1
Time = 2x10°years

Ky Fedoseev_et al. 2018



| Astrochemical Implications and Conclusions

- J

- The obtained HNCO/OCN- ratios (see Table 5) can be
used as the tracers of N, presence

- Co-formation of N,O in N,-containg ices serves as the
discriminator between N, and NH; precursors for OCN-
formation.

- Unless formation of OCN- occurs in ‘H,O-rich’ ice layer of
icy grain mantle, HNCO should always be observed
simultaneously with OCN-.
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