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Electronic structure methods based on the electron propagator theory (EPT) are nowadays well
established for the accurate computation of electron binding energies (EBEs) in molecular systems.
One of the most appealing features of the EPT is that only a single calculation is required to obtain
a detailed description of the ionization phenomena, offering a systematic treatment of correlation
while keeping a good compromise between accuracy and computational cost [1].

We have recently extended the electron propagator theory to the treatment of any type of particle
using an Any Particle Molecular Orbital (APMO) wavefunction as reference state [2]. In the APMO
approach, all particles are treated under the same footing of electrons in electronic structure
methods. This new method, called APMO/PT, has been implemented in the LOWDIN code to
calculate correlated binding energies, not only for electrons but also for any type of particle in
molecular systems.

In this work we present the application of the APMO/PT approach to study the proton detachment
process, called proton propagator (APMO/PPT). We employed this method to calculate Proton
Binding Energies (PBEs), Proton Affinities (PAs) and proton hydration properties. Comparison of
our predictions with the available experimental data reveals that the second order proton propagator
reproduces quantitatively the experimental trends.

Results presented in this work suggest that the APMO/PPT approach is a promising tool for
studying proton transfer processes and acid/base properties.
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