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 From a fundamental point of view, the family of compounds known as phosphorous oxoacids are among 

the most intriguing proton conducting systems. Neat liquid phosphoric acid (H3PO4) has the highest 

intrinsic proton conductivity of any known substance, systems containing phosphates play a central 

role in the structure and function of biological systems and are attracting increasing interest as 

electrolytes for emerging fuel cell applications.

Here, we describe our current understanding of proton conduction in phosphorous acid based systems 

and compares this to the proton conduction mechanism in water and hydrated systems (such as Nafion).

Most of our notion is based on recent ab initio molecular dynamics simulations, NMR and impedance 

spectroscopy indicating the formation of polarized chains by correlated proton transfers along chains 

of hydrogen bonds in a close sense to the original notion of Grotthuss mechanism for proton 

conduction in water. The depolarization process required to release long range proton transport 

(structural diffusion) is suggested to be controlled by “hydrogen bond network frustration”, i.e. 

the imbalance of the numbers of potential proton donors and acceptors.

The highest network frustration is observed for neat phosphoric acid which shows the highest 

structural proton conductivity. Higher ionic conductivities are observed with increasing water 

content, but this conductivity is related to the diffusion of extended charged species (e.g. H3O+, 

H2PO4-) which is detrimental e.g. for fuel cell performance.
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