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Unique ApproachUnique Approach

• Materials Synthesis based on HPA 
Monomers - Immobilization

• Novel “High and Dry” proton conduction 
pathways mediated by organized HPA 
moieties - Organization

• 3M will bring additional synthetic expertise 
and direct later stages of project towards 
manufacturability - Membranes
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Excellent Excellent HH++ Conductivity at Conductivity at 
RTRT

• 12-HPW/PVDF-HFP, 30 µm, Dry Gases, 0.5 l min-1, 
H2/O2, RT.
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Poor Poor HH++ Conductivity >100Conductivity >100ººCC

• 18-HP2W/PVDF-HFP, 30 µm, 25% RH, 0.5 l min-1, 
H2/O2, 120ºC.
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Fast Fast HH++ Diffusion >100Diffusion >100ººCC
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• For Keggin anions Ea increases and D decreases 
as the heteroatom becomes heavier

• More complex for less symmetrical anions

H P A  M ax  
d iffu sion  

coefficen t x  
1 0 -6 cm 2s -1 

T em peratu re  o f 
m ax im u m  D , 

oC  

E a befo re  
M ax  T , kJ 

m ol-1 

S eco nd ary  stru ctu re 

12 -H P W  25  11 7  13  H +(H 2O )x cub ic  
12 -H S iW  30  13 0  20  H +(H 2O )x cub ic  
12 -H Z nW  2  10 8  27  H 5O 2

+, O H  cub ic  
12 -H G eW  0 .7  9 0  35   cub ic  
11 -S iW 11 3  10 8  6  H 5O 2

+, O H  cub ic  
39 -H B 3W  7  12 8  8  H +(H 2O )x sheets 
18 -H P 2 W  1 .2  > 1 50  20  H 3O + tric lin ic  
21 -H A s2 W  3 .7  > 1 50  18  H 5O 2

+  
21 -H 2R b 4A s2W  30  2 5  - H +(H 2O )x ch an nels 
21 -H P 2 W  2 .3  11 0  24  H 3O +  
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Low Low HH++ Availability >100Availability >100ººCC

• As Temperature 
increases more H+

become strongly 
associated with 
anion
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Extensive HPA Chemistry Extensive HPA Chemistry 
AvailableAvailable

• Lacunary HPA allow 
easy attachment points
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• Extensive linkage 
chemistry available 

• M = P, Si, Ge, Sn
• R, R’ = monomer
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