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Nafion is probably the most famous PEM used in fuel cells these days [1]. However, because of its 
high cost and, although very good, limited performances, an intense search for new materials for PEM 
candidates is going on.  

 
The Nafion system has been extensively studied, from applicative but also fundamental point of view. 
Its complex structure is the results of the organization of an amphiphilic polymer made of Teflon-like 
chains with terminating SO3- groups forming the hydrophilic part. The arrangement of the hydrophilic 
groups lead to the formation of interconnected channels and cavities in which water enters during the 
swelling process. This enables the presence of a network of interconnected water pores of nanometric 
(2-6 nm) dimensions where water has a diffusivity close to the one of the bulk phase although it is 
confined in the polymeric matrix. The structural organization of the material, as well as water 
dynamics which is closely related to the high proton conductivity, is still the subject of current 
research in order to address the origin of the performances of the material.  
Several unusual behaviors have been observed in Nafion, among which a sorption/desorption 
phenomenon at low temperatures [2]. Indeed, when slowly cooled below 273K, water progressively 
desorbs as long as the temperature decreases, forming ice on the surface. This phenomenon lasts until 
~200 K. Upon heating, ice melts and reversibly reintegrates the membrane. Previous investigations [3] 
pointed out an entropic origin of the effect, due to the presence of hydronium ions in  water released 
by the sulfonate groups, that decrease the freezing point of the solution inside the membrane upon 
increase of  ion concentration (causing water sorption/desorption).  

 
More subtle origin of the phenomenon was then search in the structure of the solution, by means of 
Compton spectroscopy. The Compton profile, giving the momentum distribution of the electrons, 
indeed provides direct information on chemical bounding, more specifically in water on hydrogen-
bounding. Compton profile was measured in hydrated Nafion membranes [4]. The profile of  water 
confined inside the membrane was extracted, and exhibits a lower intensity at Q=0 with respect to 
bulk water. The intensity increases and the profile tends to reach the one of bulk water when hydration 
increases. This behavior of the profile is interpreted as a distortion of the hydrogen bond network of 
water in the membrane with respect to bulk water, that may cause the variation of chemical potential 
explaining the sorption/desorption phenomenon and other properties like the proton conductivity. 
However, two effects are competing in this distortion: the proximity of ions (that can be slightly 
kosmotropes or 'structure-maker') and the nanoscale confinement. In order to disentangle the two 
effects, one need to investigate further systems.  



 
We propose in the following project to explore the geometry of the hydrogen bond network of water in 
other materials proposed as PEM, as for example [5]: (sulphonated) poly(etheretherketone) ((s)PEEK), 
(sulphonated) poly(etherketone) ((s)PEK), (sulphonated) poly(ethersulfone) ((s)PES), (sulphonated) 
poly(benzimidazole) ((s)PBI), sulphonated polyimide (sPI), sulphonated poly(phenyl quinoxaline) 
(sPPQ), or sulfonated polyphosphazenes (sPPZ). 

  
These membranes are a promising alternative to Nafion for elevated temperature operation because of 
low cost, processability, wide latitude to tune the chemistry, and mechanical, thermal and oxidative 
stability. The hydration behavior and the transport of protonic charge carriers and water have been 
examined and compared to the corresponding properties of Nafion. It was found that the pathways for 
water in the ketones are narrower than in Nafion at full hydration. The distinct differences between 
both membranes are qualitatively explained by differences in the microstructures and the acidity of the 
sulfonic acid functional groups [6].  

 
We will therefore be able to determine the characteristics of the hydrogen bond network of water 
surrounding acid groups of different strength. The hydration dependence will be investigated, and 
samples will be compared at similar values of the hydronium concentration and confinement radius. 
Because hydration is a swelling process, the water pore dimension is directly related to the water 
content and can be tuned to have comparable effects in the various systems.  
The experimental setup available at the University of Perugia [7] will be used in similar conditions as 
it was for the Nafion experiment. Base on previous experience, the time requested for the experiment 
is 2 weeks.  

 
 
References  
[1] Mauritz KA, Moore RB. State of understanding of Nafion. Chem Rev 2004;104:4535–85. 

[2] M. Escoubes, M. Pineri, E. Robens, Thermochim. Acta 82 (1984), 149. 

 [3] M. Plazanet, P. Bartolini, R. Torre, C. Petrillo and F. Sacchetti, J. Phys. Chem. B 113 (2009), 
10121–10127 ; M. Plazanet et al, J. Memb. Sci. (2015) 

[4]  M. Plazanet et al., submitted to J. Mol. Liquids. 

 [5] Devanathan R. Recent developments in proton exchange membranes for fuel cells. Energy 
Environ Sci 2008;1(1):101–19 ; Smitha B, Sridhar S, Khan AA. Solid polymer electrolyte membranes 
for fuel cell applications – a review. J Membr Sci 2005;259(1–2):10–26. ;  Rozière J, Jones DJ. Non-
fluorinated polymer materials for proton exchange membrane fuel cells. Annu Rev Mater Res 
2003:503–55 ; Maier G, Meier-Haack J. Sulfonated aromatic polymers for fuel cell membranes. 
Advances in polymer science, vol. 216. Berlin: Springer-Verlag Berlin; 2008. 

 [6] Kreuer KD. On the development of proton conducting polymer membranes for hydrogen and 
methanol fuel cells. J Membr Sci 2000;185:29–39. 

  
[7] http://h2fc.eu/files/Installations/FuelCells/UP-02-X-Ray.pdf  

http://h2fc.eu/files/Installations/FuelCells/UP-02-X-Ray.pdf

