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 ABSTRACT We investigate the structure and dynamics of proton solvation structures in mixed water/dimethyl sulfoxide solvents using two-color mid-infrared femtosecond pump-probe spectroscopy. At a water fraction below 20%, protons are mainly solvated as (dmso-H)+ and (dmso-H)+-H2O structures. We find that that excitation of the OH stretch vibration of the proton in (dmso-H)+-H2O structures leads to an ultrafast contraction of the hydrogen bond between (dmso-H)+ and H2O. This excited state relaxes rapidly with T1=95±10 fs, and leads in part to a strong local heating effect and in part to pre-dissociation of the protonated cluster into (dmso-H)+ and water monomers.
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 INTRODUCTION In the condensed phase, the proton (H+ ion) strongly interacts with surrounding molecules/atoms leading to the formation of proton-solvation structures. In liquid water, a large distribution of solvation structures exist, with the Eigen (H9O4+) and Zundel (H5O2+) structures as limiting cases.1,2 The transport mechanism of the proton through the solution strongly differs from that of other cations, and strongly relies on the structural dynamics of the solvation structures of the proton.3–6 Aqueous protons give rise to a broad absorption in the mid-infrared region of the spectrum, the so-called Zundel continuum. This continuum can be crudely subdivided into absorption regions of stretch, bend and proton transfer modes.7–9 Although these modes are all of highly mixed character, especially in the liquid phase,10 infrared pre-dissociation spectroscopy of proton-water clusters in the gas phase allows for a crude assignment of the different regions of the Zundel continuum.11,12 The blue side of the continuum around 3100 cm-1 is thus assigned to water molecules flanking a proton in a (H5O2+) Zundel configuration, and the region around ~2600 cm-1 is assigned to the OH-stretch modes of the H3O+ core of Eigen-like H9O4+ structures. The spectral response between 1500 and 2000 cm-1 can be assigned to bending vibrations. Finally, the frequency region around 1100 cm-1 has been assigned to the shuttling vibration of the proton (proton transfer mode) in between two flanking H2O molecules.13 In spite of these assignments, the identification of the different regions of the infrared spectrum of the hydrated proton with particular vibrational modes of solvation structures is still actively debated.10,14,15 The dynamics of the proton solvation structures can be studied with time-resolved midinfrared spectroscopy, as this technique probes the spectral dynamics of the vibrations that in turn report on changes in the covalent and hydrogen bonds.16 In recent years several femtosecond
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 mid-infrared studies on the hydrated proton have been reported.9,17–19 In these experiments the dynamics of proton solvation in different aqueous media (water, water/acetonitrile and hydrated Nafion membranes) was studied by means of excitation of the hydrated proton OH-stretch vibrations. These studies showed that ultrafast structural fluctuations of the hydrated proton result in a sub-100 fs vibrational relaxation of the vibrationally excited state. Only for the H3O+ion strongly bound to a negatively charged sulfonate in Nafion membranes the vibrational relaxation was observed to be significantly slower, with T1=350±30 fs. A challenge in studying the structural dynamics of proton solvation structures in pure water is that the OH-stretch vibrational lifetimes of water molecules and hydrated protons are extremely short (~0.27 ps20,21 and
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