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Methanol as Hydrogen Carrier 
Proton exchange membrane (PEM) fuel cells are 

an efficient method of generating electricity, but 

storage of the hydrogen required for their 

operation remains a significant challenge. 

Methanol can be reacted with water over a 

catalyst to produce the hydrogen gas as needed. 

Using Plane Wave DFT to Model Surfaces 
Crystalline solids are highly periodic in terms of both geometry and electron density.  Near 

infinite expanses can be modeled by calculating the geometry in only one unit cell explicitly, 

while summing the influence of the surrounding identical unit cells ( a decreasing sum). 

Conclusions 

species formula density (g/L) 

hydrogen H2 0.09 

hydrogen  (2000 psi) H2 10 

methane CH4 0.72 

methanol CH3OH 792 
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CH3OH + H2O → 3H2 + CO2   ΔH0 = 49 kJ/mol  

Methanol Advantages 
• Liquid 
• Leverage existing infrastructure 
• Low sulfur fuel 
• Versatile (can combust as well) 
• High H/C ratio 

The current catalyst used for MSR is Copper (Cu) 

supported by Zinc Oxide (ZnO).  This catalyst degrades 

quickly over time and must be constantly replenished. 

Palladium Zinc alloy (PdZn) has received interest 

because it mimics the copper catalyst while being much 

more stable.  So what’s happening?   
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Pd and Zn mimic the valence electronic 
structure of Cu! 
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Alloys as Electronic Mimics 

Our main research questions 
• What role is played by surface defects? 
• What is the full mechanism? 

The big advantage of 

PdZn is its high thermal  

stability, opening up MSR/fuel cell 

technologies for mobile applications (such 

as notebooks and other electronic devices). 

Plane Wave Periodic Function 
unit cell + 1st  nearest neighbor 
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1st step: CH3OH* → H* + CH3O* 

• Defect sites can significantly lower the reaction 
barrier. 

• This allows for high temp and low temp pathways. 
• Mechanism appears similar to copper but the 

initial steps for CH3OH and H2O require slightly 
more energy on PdZn. (more work in progress) 

High T 

Low T 

Double peak on TPD 
indicates 
recombination even 
at low  temperature 
(150 K).  Likely 
explained by 
migration to defect 
sites with lower 
kinetic barriers. 
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Reaction Rate Trend for 1st Elementary step 
Support (ZnO) > Kinks > Steps > Flat Surface 

“God made the bulk; the surface was invented by the devil.”  

–Wolfgang Pauli 

Modeling Catalytic Surfaces 
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