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Lecture Outline

This lecture is largely a presentation of material given in the following review 
article.



Solvents:  Water

Kreuer et al., Chem. Rev. 2004.



Solvents:  Phosphoric Acid

Phosphoric Acid (H3PO4)

In the presence of water, the followingIn the presence of water, the following 
dissociation reactions occur

In neat phosphoric acid (no water) there isIn neat phosphoric acid (no water), there is 
dissociation into various phosphate ions, H2PO4

-, 
H4PO4

+, H3O+, H2P2O7
2-.



Solvents:  Phosphoric Acid

Phosphoric Acid (H3PO4)

The mobility of the proton is two orders of magnitude higher than theThe mobility of the proton is two orders of magnitude higher than the 
vehicular mechanism of any of the phosphate species.  Therefore structural 
diffusion is occuring.

At th lti i t (T 42 °C) d ti it i 7 7 10 2 S/ Th diff i itAt the melting point (T = 42 °C) conductivity is 7.7x10-2 S/cm.  The diffusivity 
of the proton is 2x105 cm2/s.  For comparison, the self-diffusivity of charge in 
bulk water is 9.7x10-5 cm2/s. 

The high concentration of protons and the high mobility make it an attractive 
fuel cell membrane solvent candidate.

Kreuer et al., Chem. Rev. 2004.



Solvents:  Imidazole

I id l i i dImidazole is an organic compound 
with the formula C3H4N2. This aromatic 
heterocyclic is a diazole and is 
classified as an alkaloid. Imidazole
refers to the parent compound, 
whereas imidazoles are a class of 
heterocycles with similar ring 
structure but varying substituentsstructure, but varying substituents.

Imidazole is amphoteric, i.e., it can 
function as both an acid and as a 
base. 

Resonance Structures

http://en.wikipedia.org/wiki/Imidazole



Solvents:  Imidazole

Structural diffusion in Imidazole can also 
occur.

If the structural diffusion is uncorrelated itIf the structural diffusion is uncorrelated, it 
can result in proton conduction.

Kreuer et al., Chem. Rev. 2004.



Solvents:  Imidazole

If the structural diffusion is correlated, it 
does not result in proton conduction.

Kreuer et al., Chem. Rev. 2004.



Membranes:  PFSA w/ water

As discussed in earlier lectures, these 
systems have nanosegregation into 

Kreuer et al., Chem. Rev. 2004.

aqueous and polymer domains.  The 
sulfonic acid groups dissociate, providing 
protons.



Membranes:  PFSA w/ water

Kreuer et al., Chem. Rev. 2004.

As discussed in earlier lectures, the proton mobility decreases as the water content 
decreases.



Membranes: (PAMA+H2PO4)∙H3PO4

Kreuer et al., Chem. Rev. 2004.

Phosphoric acid can be used as a solvent in polymer membranes as well.
Very little molecular information available—just macroscopic observations.



Membranes: Solvated Polymers

Oth l bOther polymer membanes:

Polyether ether ketone (PEEK)

Sulfonated Polyether ether ketone (s‐PEEK)

Shibuya & Porter, Macromol., 1992.



Membranes: Solvated Polymers

Kreuer et al., Chem. Rev. 2004.

s-PEEK loses conductivity as it dries out as well.



Membranes: Solvated Polymers

Dow = SSC

Kreuer et al., Chem. Rev. 2004.



Membranes: Solvated Polymers

S-PEEK loses conductivity 
with a decrease inwith a decrease in 
hydration as well.

Kreuer et al., Chem. Rev. 2004.



Membranes: Solvated Polymers

Kreuer et al., Chem. Rev. 2004.

Phosphoric acid-based solvated membranes also show a strong dependence on 
water content.



Membranes: Solvated Polymers

Kreuer et al., Chem. Rev. 2004.

Phosphoric acid-based solvated membranes can function at much higher 
temperatures.



Membranes: Solvated Polymers

Kreuer et al., Chem. Rev. 2004.

Imidazole solvated systems show conductivities below 10-2 S/cm.



Membranes: Solvated Polymers

Comparison with solid oxides.

Kreuer et al., Chem. Rev. 2004.



Membranes: Solvated Polymers

Kreuer et al., Chem. Rev. 2004.

New materials may provide performance at intermediate temperatures.



Membranes: Solvated Polymers

Kreuer et al., Chem. Rev. 2004.

New materials may provide performance at intermediate temperatures.



Conclusions

Hydrated Nafion is hard to beat when fully humidified at room temperature.

However, other PFSA membranes have superior performance at low waterHowever, other PFSA membranes have superior performance at low water 
contents.

Higher temperature fuel cells could benefit from solvents with much higher 
h h h i id i idi l Th l t llvapor pressures, such as phosphoric acid or imidizole.   These solvents allow 

for structural diffusion of protons.

Higher temperature fuel cells may also benefit from other types of polymer g p y yp p y
membranes, that better retain their morphology at elevated temperatures.  


