How do non-covalent interactions within small molecular cluster in the gas phase modify the ion molecule reactivity?
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Intermolecular interactions can strongly affect the local electron density, and therefore the reactivity of species. A better phenomenological description of these changes in reactivity seems essential for an accurate description of atmospheric and astrochemical processes. 
To this end, we have studied the reactivity of aggregates as a function of their size. Photoionization by VUV radiation from SOLEIL has been used as a source suitable for generating aggregates, providing the ability to fine tune the energy content of the reactive ion. We have recently developed a coupling between the CERISES set-up and a molecular beam for generating aggregates, providing with particularly sensitive analyser and detector to identify and correlate reaction products that are present in small quantities. Measurements were carried out with the CERISES set-up on the DESIRS beamline at the SOLEIL synchrotron.
As a proof of concept, we were able to probe the reactivity of protonated aggregates of acetic acid (up to the pentamer) and with methylamine. The reactivity of the formic acid protonated aggregates was also investigated for the sake of comparison. 

Quantum chemistry calculations were performed to interpret the results observed experimentally, aiming at finding an explanation for systematic behaviours observed as a function of the aggregate size and collision energy. The geometries were obtained with the software CREST (Conformer-Rotamer Ensemble Sampling Tool). The structures with the lowest energy were chosen. The complexation and reaction energies were calculated using Density Functional Theory (DFT) calculations (Gaussian 16). The functional 
LC-PBE with the basis set 6-311 ++ G(d,p) and the empirical dispersion GD3BBJ were used. Then, the enthalpy of the reaction between the methylamine and the protonated aggregates of acetic acid was calculated. We were able to highlight the possible geometries of protonated aggregates resulting from photoionization. The enthalpy of the reaction between the methylamine and the protonated aggregates were calculated.
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