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MOLECULAR UNIVERSE

~ 270 molecules have been detected in the
interstellar medium (ISM) or circumstellar shells as of
Oct. 2022

One third being complex organic molecules (COMs)

Ingredients of life in space!

https://cdms.astro.uni-koeln.de/classic/molecules
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https://cdms.astro.uni-koeln.de/classic/molecules:ism:cyanonaphtalin
https://cdms.astro.uni-koeln.de/classic/molecules:ism:cyanonaphtalin
https://cdms.astro.uni-koeln.de/classic/molecules:ism:inden
https://cdms.astro.uni-koeln.de/classic/molecules:ism:c-c5h5cch
https://cdms.astro.uni-koeln.de/classic/molecules:ism:c-c5h5cch
https://cdms.astro.uni-koeln.de/classic/molecules:ism:ecp
https://cdms.astro.uni-koeln.de/classic/molecules:ism:cyanoinden

Detection of Ethanolamine (EtA)

(Rivilla et al. 2021)
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Origin of Earth life

Delivery of prebiotic COMs
from Space to Earth

EtA in the ISM could be seeded
to planetesimals during the
formation of the Solar System
and subsequently transferred to
the early Earth.




Ice Grain Chemistry

Arumainayagam et al., Chem. Soc. Rev. (2019)

1-keV electron beam irradiation to simulate the interaction of
electron iradiation with interstellar icy mantles.

FTIR+VUV Spectroscopy



Expe"mentql methOdOIOQ Mid-Infrared Spectroscopy Experiments

at ATOMKI, Hungary




Vacuum-Ultraviolet (VUV) Spectroscopy at ASTRID-2 synchrotron, Aarhus
niversity, Denmark

ELECTRON

GAUGE

BEAM LINE

Detector
Gate valve

HeNe Laser Ports
DOSING LINE PAC (loppolo et al. 2020)

Open University Portaks W
Astrochemistry Chamber (P&L);
base pressure of 1077 mbgy .
substrate, which may bgtgdled
to 20 K.

Electron irradiatiomwith a flux of
2 x 1013 electrops—' cm2,
corresponding to an overall
delivered ftUence of 7.2x10'¢
electrons cm™



— C,H,NO as dep. at 20 K
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m  Pure C,H;NO Ice under Electron Irradiation
Exponential Decay Fit
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CASINO simulation on
electron implantation
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——C,H,NO as dep. at 20 K
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—— Mixed ice (H,O:EtA=20.6:1)
for e” irradiation
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Astrochemical Implications

Estimated half life of EtA ice in dense clouds and (only for order-of-magnitude
cometary ices estimates)

Location Lifetime |Depth | Dose rate Half-life | Half-life
ofices |(cm) (eV (yr) diluted in

(yr) molecule™! water (yr)

r—‘l
KBO 4.6x107 5.6x1073 3x102 9.1x102
(40 au beneath 1073 1.6x1078 1.06x108 3.2x108
H,O ice)
Cold dense 107 3x1077 5.7x10¢6  1.7x10/
cloud




SUMMARY

= The IR specira of pure EtA, water-EtA mixtures under electron irradiation
processes were obtained. CD changes show that it underwent an
exponential decay with a half-life dose of 1.7 eV/16u, 5.1 eV/16u,
respectively. The formatfion products include H,O, CO, CO,, OCN,
HNCO, NH;, C,H:OH, CH;CHO, efc.
= VUV specira of the EtA ice under irradiation show the thin ice was
oyed, and water was formed.
A in ISM and the Solar system is analysed. The EtA
BOs) has only a half-life of 300 years,
if it is buried below the
)8 years; if it
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