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Physisorption-based H2 storage is as fast and reversible as traditional high-pressure gas-tank storage 

because it is based on a surface reaction. By maximizing the surface area of nanoporous materials, 

one can store hydrogen up to 7.5 wt%, but currently only at cryogenic temperature of 77K. The low 

operating temperature is attributed to the weak dihydrogen-material interactions. At room 

temperature, typical high surface area hydrogen storage nanoporous materials can store only less than 

1 wt% of H2.  

 

To overcome the temperature gap, one needs to design a material that has many dihydrogen 

physisorption sites with energy gains of 0.2-0.6 eV per H2. Based on the first-principles 

computational materials science, we have proposed a series of methods to design enhanced hydrogen 

physisorption sites on metal-dispersed nanostructured materials, which could have energy gains of 

>0.2 eV per H2 [1-6]. At first, we could be able to propose a system that can store H2 up to 9 wt % 

based on theoretical consideration [1]. However, the system was too reactive to be isolated in 

experiment. In another effort, we have recently studied dihydrogen interaction with nanostructured 

materials that are synthesized in experiment already, such as metal-organic frameworks [3] and 

porphyrins [6]. Such materials, however, can store very minimal amount of hydrogen, namely one H2 

per metal site. Therefore, in order to design optimal hydrogen storage nanostructured materials, we 

have to carefully balance between the reactivity and the hydrogen storage capacity of the 

nanostructured materials, as conceptualized.  

 

In this talk, I will summarize our efforts to design physisorption-based hydrogen storage 

nanostructured materials and discuss future directions to optimize and balance dihydrogen-metal 

interactions and storage capacity.  
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FIG. 1. Examples of hydrogen storage nanostructured materials. (a) High-capacity, but too-reactive, 

hydrogen storage materials, namely, transition-metal-decorated C60, which was theoretically 

proposed for high-capacity hydrogen storage. (b) Transition-metal-exposed metal-organic 

frameworks, which was experimentally synthesized and tested, but only can hold one H2 per 

transition metal site. 
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