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Degree of molecular complexity Inheritance vs. processing

Link to composition of comets & asteroids

Link to Origin of Life
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Cuppen, Linnartz & Ioppolo ARAA (2024)



McClure et al. Nat. Astron. (2023)



Smith et al. Nat. Astron. (2025)
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van Dishoeck et al. A&A (2025)
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ASTROCHEMISTRY

LAB Challenge I:
Generating a (0.1 - 3000 μm) ice database

LAB Challenge II:
Linking Physics and Chemistry of Star Formation

LAB Challenge III:
Formation of the Building Blocks of Life in Space
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Öberg, Chem. Rev. (2016)
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10 K

Fedoseev et al., MNRAS (2015) Qasim et al., A&A (2019)

Chuang et al., MNRAS (2016)  Chuang et al., A&A (2020)

Chuang et al., MNRAS (2017)  Qasim et al., Nat. Astron. (2020)

Fedoseev et al., ApJ (2017)  Ioppolo et al., Nat. Astron. (2021)

Jin and Garrod, ApJS (2020) Garrod et al., ApJS (2021)

A non-diffusive reaction mechanism at 10 K
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Qasim et al., Nature Astron. (2020)      Ioppolo et al., MNRAS (2011a)

Fedoseev et al., MNRAS (2015)      Ioppolo et al., MNRAS (2011b)

Fuchs et al., A&A (2009)       Ioppolo et al., ApJ (2008)
Ioppolo et al., Nature Astron. (2021)
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Bernstein et al., Nature (2002)

Muñoz Caro et al., Nature (2002)

UV photolysis of interstellar ice 

analogues

H2O:CH3OH:NH3:HCN = 20:2:1:1
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Hopkinson et al. Nat. Astron. (2026)
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Light eller AU Passata Bold ENERGETIC PROCESSING OF GLYCINE

ICA
P < 1x10-9 mbar

Tsurf = 20 - 300 K

Eions  = 200 keV – 4 MeV H+

H+, He+, He++, C+, C++, O+, O++, S+, S++

Current = nA - µA

• 2 keV electron gun

• Effusive Cell

AQUILA
P < 1x10-9 mbar

Tsurf = 20 - 300 K

Eions  = 100s eV – 10s keV

Solar Wind: H, He, C, O, Si, Fe, Ni ions

High charge state of ions

Positive/negative ions or molecular ions

Hopkinson et al. Nat. Astron. (2026)
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ICA

AQUILA

Hopkinson et al. Nat. Astron. (2026)
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Hopkinson et al. Nat. Astron. (2026)
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Hopkinson et al. Nat. Astron. (2026)

10 keV irradiation of Gly at 20 K TPD after 10 keV irr of Gly
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Light eller AU Passata Bold ENERGETIC PROCESSING OF GLYCINE
Water Formation

Hopkinson et al. Nat. Astron. (2026)
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Residue after 1 MeV irradiation of Gly at 20 K

(see Krasnokutski et al. 2022)(see Maté et al. 2015)

5

Formation of Amide Bonds
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Electrospray Ionization MS

Hopkinson et al. Nat. Astron. (2026)

(a) Glycine        (b) D3-glycine               (c) D5-glycine
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Hopkinson et al. Nat. Astron. (2026)
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Simple and complex organic molecules formed on dust grains via Dark Chemistry

UV, CR, electrons, and heat change the physicochemical composition of ice grains

Building blocks of life can survive and evolve during star formation process

Laboratory Astrochemistry needs to strengthen link to Astrobiology

CONCLUSIONS
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