
    

 

Computer simulation of the adsorption and storage of hydrogen in nanoporous 
carbons 

Julio A. Alonso*, Iván Cabria and María J. López 

Departamento de Física Teórica, Atómica y Optica, University of Valladolid, Valladolid, Spain 

Accepted for publication on 13th February 2014 

Hydrogen is a candidate to replace gasoline as the fuel in cars. But an unsolved problem is finding an 
efficient way to store enough hydrogen on board. Porous carbon materials are being investigated in 
many laboratories as possible containers. The storage capacity of those carbons depends sensitively 
on the size of the pores, whose walls have an atomic structure formed of graphene-like ribbons with 
many defects. The conclusion from a large body of experimental studies and computer simulations is 
that clean porous carbons will not fulfill the required storage targets because the adsorption energies 
of molecular hydrogen on graphitic-like surfaces are too small, below 0.1 eV per molecule.  

Doping porous carbons with metallic atoms and nanoparticles is currently viewed as a promising 
alternative to increase the amount of stored hydrogen. We have performed density functional 
calculations to investigate the doping with alkaline and transition metals. Li dopants polarize the 
hydrogen molecules nearby and this enhances the binding energy of molecular hydrogen to the walls 
of the carbon pores. On the other hand, molecular hydrogen binds directly to transition metal atoms.  

Theoretical calculations of the adsorption of molecular hydrogen on Pd clusters supported on 
graphene reveal two adsorption modes: molecular adsorption and dissociative atomic chemisorption. 
The energies for molecular adsorption are in the range appropriate for achieving reversible 
adsorption/desorption at room temperature. However, in the desorption step, the stored molecular 
hydrogen suffers the competition from other alternative processes: a) desorption of Pd-H complexes; 
and b) dissociative chemisorption, after passing through the activation barrier. The competition of 
Pd-H complexes can be successfully avoided by anchoring the metal atoms and clusters to defects 
present on the carbonaceous substrate.  
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