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In recent decades carbon nanotubes (CNTs) have been widely studied both experimentally and theoretically for possible technological applications. The successful synthesis of a few or monolayer of graphene may lead to a new branch of nanostructures. Also, nanostructured materials such as nanotubes and metal-organic frameworks have received a great deal of attention due to the possibility of hydrogen storage. In this presentation, we address several topics related to carbon nanotubes and metal-inserted porphyrin, using the density-functional theory (DFT) calculations.
First, we perform DFT calculations to study the electronic structure and the Fermi-level alignment at the metal-nanotube contacts. Especially, we study some contact models to explain the experimental fact that the Fermi-level of copper is found to be aligned near at the conduction band edge.
Next, we investigate adsorption geometry and binding strength of metal nanoparticles (Al, Au, Pd, Pt, Ti) on the CNT and graphene. We show that the Pt and Ti particles have strongest binding strength whereas the Al and Au particles are weakly bonded to the CNT. Also, we study interfacial structures between metal clusters (Cu, Al) and defective carbon nanotubes with vacancy and metal substitution, related to CNT-reinforced metal nanocomposites. It is found that the binding strength is increased by the presence of defects of carbon nanotubes. The role of defects such as vacancy and metal substitution is discussed in relation to reinforcement of composites with carbon nanotubes.
Finally, we investigate the binding of hydrogen molecule on Ca-inserted porphyrin by increasing the number of hydrogen molecules. Up to four hydrogen molecules attached to the Ca atom, we find that the binding energy of H2 molecules is about 0.25 eV/H2. Examining the projected density of states, we study orbital hybridization between the Ca atom and hydrogen molecule. The results for Ca-inserted porphyrin are compared with the Ti-inserted case.
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