ShES

S e ., UNIVERSITA
: DEGLI STUDI
| “ Al‘“’ l O ﬁ%?%ﬁﬁ DI TORINO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Enabling high proton conductivity in a fluorine-free protic ionic liquid through rational design of
its constituents

This is a pre print version of the following article:

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/2054991 since 2025-02-06T08:23:23Z

Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

02 May 2026



Enabling high proton conductivity in a fluorine-free protic ionic liquid through
rational design of its constituents

Stefano Nejrotti,%® Hanno Maria Schiitz,%“ Alessandro Mariani,“%¢ Claudia Barolo,*? Stefano
Passerini,“ Matteo Bonomo®f

@Dipartimento di Chimica, NIS e Istituto di Riferimento INSTM, Universita degli Studi di Torino, via G. Quarello 15A, 10135
Torino, Italy;

bIstituto di Scienza, Tecnologia e Sostenibilita per lo Sviluppo dei Materiali Ceramici (ISSMC-CNR), via Granarolo 64, 48018

Faenza (RA), Italy;
‘Helmholtz Institute Ulm (HIU), Helmholtzstrasse 11, 89081 Ulm, Germany;
dKarlsruhe Institute of Technology (KIT), P.O. Box 3640, 76021 Karlsruhe, Germany;
eDipartimento di Chimica, Materiali e Ingegneria Chimica (CMIC) "Giulio Natta", Politecnico di Milano, Via L. Mancinelli 7,
20131 Milano, Italy;
Dipartimento di Scienze di Base e Applicate per I'Ingegneria (SBAI), Universita di Roma La Sapienza, Via A. Scarpa 10, 00139,

Roma, Italy.

In the field of energy-related applications, protic ionic liquids (PILs) have
attracted growing interest for their electrochemical properties and their
viable preparation procedures.! In particular, high proton conductivity is
crucial for applications such as proton exchange membranes in fuel cells.
With the aim of achieving fast proton transfer through an intrinsic
mechanism, we designed a novel PIL, namely N,N-diethyl-3-sulfopropan-1-
ammonium hydrogen methanedisulfonate [DESPA][HMDS] (Figure 1),
which is characterized by the presence of sulfonic acid moieties, of almost
equivalent proton affinity, both in the anion and cation structure.? The
electrochemical properties of [DESPA]JHMDS] revealed a superionic
behaviour at high temperature, as indicated by a positive deviation in the
Walden plot, and by a inverse Haven ratio up to 1.55. Diffusional NMR
studies revealed an unprecedented two- to three-fold increase in the
mobility of the exchangeable proton, compared to that of the molecular
species, again at high temperature (> 373 K). These results point towards
the presence of a non-vehicular proton transport mechanism. Notably,
while the best performing PILs present in the literature are often based on
fluorinated or perfluorinated compounds,3* [DESPA][HMDS] was designed
to be fluorine-free, since perfluoroalkyl substances (PFASs) constitute a
recognized concern for health and the environment, and might be subject
to a ban in the European Union over the coming years.”
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Figure 1: Molecular structure of [DESPA]J[HMDS].
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