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tory, Institute for Molecules and Materials (IMM), Radboud University, Nijmegen, Netherlands.

Many complex organic molecules (iCOMs) ranging from diatoms to molecules containing up to 70 atoms, including
formaldehyde, protonated formaldehyde, and glycolaldehydea have been detected in space using astronomical observa-
tions. To understand the synthetic pathways of such potential prebiotic species in space, it is crucial to investigate their
formation in the laboratory. In this work, we present results relevant to the synthesis of the simplest “sugar”, glycolalde-
hyde, using a cryogenic 22-pole ion trap stationed at the infrared free-electron laser laboratory FELIX.b We investigate the
ion-neutral gas-phase formation of (protonated) glycolaldehyde starting from neutral formaldehyde and its cationic forms,
[H2CO]+ and [H3CO]+. Gas-phase vibrational spectra of the reactant [H3CO]+ and the mass-spectroscopically identified
products [H5C2O]+ and [H5C2O2]

+ were recorded using cryogenic IR action spectroscopy in the frequency range 650-
1900 cm−1, and are compared to results of quantum chemical calculations for structural characterization between different
isomers. First insights into potential reaction pathways will be presented based on this combined approach, and they will
be complemented with a Markov state model of the reaction mechanisms based on molecular dynamics simulationsc,d to
identify efficient pathways for forming glycolaldehyde and other iCOMs under low-temperature astrophysical conditions.
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