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The discovery of numerous biomolecules, including ribose, on asteroid Bennu! and erythrulose in the interstellar medium? has highlighted the importance
of understanding the photochemical stability of prebiotic molecules in extraterrestrial environments. We investigate the excited-state dynamics of the
gas-phase cyclic form, B-D-ribopyranose, using non-adiabatic molecular dynamics (NAMD) simulations to elucidate its relaxation mechanisms following
photoexcitation. By comparing different theoretical approaches and analyzing the topology of the relevant potential energy surfaces (PESs), we aim to
identify the dominant reaction pathways, determine the relaxation time, evaluate the photostability of B-D-ribopyranose, and assess the robustness of
the employed excited-state methodologies.
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Average number of steps 3978 2593 | 6902 7744 ) 426 370

Average simulation time 962.0 626.9 | 834.7 936.5)] 102.8 85.5 23.2
Failed trajectories 0 0 , , 45 56 91

Average energy drift 466.1 21.9] 04 0.5 0.6 0.9 0.6
Relaxation time 64.6 295.8 43.3 52.6 187.2 102.1 53.3
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Ring opening 43 66 91
O—H dissociation 54 11 0
Return 16 27 39

*Sensitivity of reaction
channels and stability of

simulations towards Summary of trajectory statistics. Time and energy metrics are reported in femtoseconds (fs) and

0 H!i parameters, functional: electronvolts (eV), respectively. Reaction fractions are shown as percentages (%). The relaxation
time is defined as the time at which 70% of the trajectories remaining at a given time have

. . reached the ground state. Failed trajectories are defined as trajectories that ended prematurely
ring-opening - H-loss before reaching 48 fs simulation length.
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(CH:0) We find that B-D-ribopyranose relaxes from its excited state within

Longer simulation times 300 fs in all cases, with no evidence of long-lived excited states.
'?rggg g”grg\ilf)conservat'O” VUV excitation predominantly induces ultrafast ring-opening or
=0 L B L e e e e ki a e | ©-H bond dissociation, followed by competing pathways involving
, bond dissociation into multiple fragments and, in approximately

Ultrafast relaxation to 1/3 of cases, ring re-closure. Across the different computational
the ground state methods, our results indicate efficient UV energy dissipation and

partial photostability of gas-phase ribose under astrochemical
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