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Abstract: The success of experimentally viable molecule/material-design, to a large extent, depends on a 
comprehensive understanding of the nature of intermolecular interac�ons and the inherent molecular proper�es of 
the system under considera�on. In addi�on to the sta�c proper�es of materiuals in closed systems, it is of importance 
to u�lize the transport proper�es in open systems. Thus, we have developed tranport perperty calcual�on programs 
(PosTrans), which are being u�lized for the design of novel nanodevices. Here, we elaborate on how we have designed 
func�onal nanomaterials and nanodevices. These include intriguing organic, inorganic, and metallic nanostructures, 
ionophores/receptors, carbon-based nanostructures including ultralong and ultrathin carbon nanotubes and large-
scale graphene, graphene band gap control and func�onaliza�on including energy and gas storage, water remedia�on, 
fuel cell catalysts, and molecular spintronic devices. Novel assembling phenomena of diverse nanostructures and 
u�liza�on of the unusual func�onal characteris�cs as devices are discussed. Novel nano-op�cs phenomena are 
discussed based on self-assembled nano-scale lenses which show near-field focusing and magnifica�on beyond the 
diffrac�on limit. The enhancement of micro-Raman signals for the graphene layers through nanolenses is also 
addressed. Electron/spin transport phenomena in molecular electronic/spintronic devices and graphene nanoribbon 
spin valves are discussed based on non-equilibrium Green func�on theory. As a highly efficient futuris�c informa�cs 
device, we address graphene nanoribbon spin-valve devices which show the super magnetoresistance behavior. The 
device can be used as a spin filter which selec�vely transmits almost 100% spin-polarized current. Given that graphene 
nanoribbon electrodes show pris�ne molecular characteris�cs much be�er than Au or Ru electrodes, we find that 
measuring the conductance spectra of a graphene nanoribbon placed across a fluidic nanochannel leads to a powerful 
ultrafast DNA sequencing method.
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