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Hydrogen is well-recognized as a future energy carrier, however its application in on-board vehicles as an energy carrier is limited due to hydrogen storage. A grand challenge in hydrogen storage technology is to develop materials capable of reversible storage greater than 6% by weight at ambient temperatures and pressures. In this seminar, I will talk about metal-organic frameworks (MOFs) and covalent-organic frameworks (COFs) of Prof. Omar Yaghi in UCLA for hydrogen storage. To predict their hydrogen storage capacities, I used a grand canonical Monte-Carlo simulation with ab-initio derived force fields which reproduces well experimental H2 adsorption isotherms. These simulations show that hexagonal MOFs are better than cubic ones due to higher surface area and free volume, and increasing the number of aromatic rings in the organic fragment of MOF structure dramatically increases the H2 uptake capacity. For example, a hexagonal IRMOF-2-60 binds 9.7 wt% H2 storage at 77 K and 70 bar, the highest known value for 77 K. I also used the theory to predict the effect of doping Li into the MOFs, which leads to substantial H2 uptake even at ambient temperatures. For example, IRMOF-2-96-Li leads to 6.0 wt% H2 storage at 273 K and 100 bar, the first material to attain the 2010 DOE target. Moreover, in this talk, I will show the H2 uptake properties of various COFs and discuss other strategies (appropriate pore size, impregnation, Kubas binding, etc.) to improve hydrogen storage.
