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Spectroscopic Snapshots of the Proton Transfer 

Mechanism in Water 

 

How ions are solvated in solution has intrigued physical chemists since the development of 
the theory of electrolytic dissociation at the end of the nineteenth century. The anomalously 
high proton mobility of water, for example, can be explained by a periodic isomerization 
between the Eigen and Zundel binding motifs, H3O+(aq) and H5O2

+(aq), respectively. However, 
the detailed mechanism is considerably more complex and not completely understood, in 
part, because the vibrational fingerprint of this process is masked by the diffuse nature of the 
key bands in bulk water. These rapidly interconverting structures from the condensed phase 
can be stabilized, isolated and studied in the gas phase in the form of protonated water 
clusters.  

Infrared photodissociation (IRPD) spectroscopy not only serves as a powerful tool for studying 
the structure of the protonated water clusters H+(H2O)n and D+(D2O)n, but also to capture clear 
markers that encode the collective reaction coordinate along the proton-transfer event.1-5 
With the aid of isomer-selective infrared/infrared double resonance (IR2MS2) spectroscopy 
the contribution of multiple isomers to the IRPD spectrum can be disentangled and assigned 
on the basis of a comparison to the results of electronic structure calculations. Recent 
advances in the vibrational spectroscopy of protonated water clusters are highlighted, with 
particular emphasis on the importance of probing a broad spectral range and of considering 
anharmonic as well as nuclear quantum effects to unambiguously identify the signal carrier. 
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