HRMS, 28th Colloquium, Dijon, France, Aug. 28 - Sept. 1, 2023

MULTIPOLE-MOMENT EFFECTS IN COLD ION CHEMISTRY: THE REACTIONS OF He^+ WITH CO_2 AND OCS

F. B. V. MARTINS, V. ZHELYAZKOVA, F. MERKT, Department of Chemistry and Applied Biosciences, ETH Zurich, Vladimir-Prelog-Weg 2, 8093 Zurich, Switzerland

Exothermic, barrier-free ion-molecule reactions proceed with high rate coefficients even at very low temperatures. These reactions are typically described using the Langevin model, which predicts the rate coefficient to be independent of the temperature or the collision energy (Ecoll). At near-zero collision energies, however, a strong Ecoll dependence of the capture rate coefficients can arise because of the interaction between the charge of the ion and the electric dipole and quadrupole moments of the neutral molecule. To reach collision energies (Ecoll/kB) from 15 K down to ∼ 200 mK, we use a merged-beam approach and study ion-molecule reactions within the orbit of a highly excited Rydberg electron, which prevents the heating up of the ions by stray electric fields without influencing the reaction.

In this contribution, we present the results of the reactions between He^+ and two linear triatomic molecules that differ by a single atom: CO_2 and OCS. The rate of the He^+ + CO_2 reaction decreases by ∼ 35% at low collision energies, whereas the rate of He^+ + OCS displays a marked ∼ 60% increase. We interpret our results in the realm of an adiabatic-channel capture model, inspired by earlier theoretical work^{1,2}, as arising from interactions between the ion charge and the quadrupole and dipole moments of CO_2 and OCS. These observations are in agreement with our previous studies of reactions involving He^+ and different small molecules, in which we found that for polar reactants, such as NH_3, a pronounced increase in the rate coefficient is observed with decreasing Ecoll^3, while for molecules with a negative quadrupole moment, such as N_2 and CO, the reaction yield decreases with decreasing Ecoll^{4,5}.

1doi:10.1080/00268978500100461, D. C. Clary, Mol. Phys., 54, 605-618 (1985) 2 doi:10.1063/1.453701, J. Troe, J. Chem. Phys., 87, 2773-2780 (1987) 3doi:10.1039/d1cp03116c, V. Zhelyazkova, F. B. V. Martins, J. A. Agner, H. Schmutz, F. Merkt, Phys. Chem. Chem. Phys., 23, 21606-21622 (2021)

4doi:10.1039/d1cp04798a, V. Zhelyazkova, F. B. V. Martins, M. Žeško, F. Merkt, Phys. Chem. Chem. Phys., 24, 2843-2858 (2022)

5doi:10.1088/1367-2630/ac8a0b, F. B. V. Martins, V. Zhelyazkova, F. Merkt, New J. Phys., 24, 113003 (2022)

p-number: p012 Submitted on Fri, 26 May 2023 16:18:49 +0200