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These articles provide a new concept of introducing three-dimensional (3D) porous structures into a single 
two-dimensional (2D) graphene sheet with well-preserved 2D graphene characters.[21] The conventional 2D 
graphene constructed with perfect, honeycomb-like carbon bonding inside a single atomic carbon sheet has 
essential problems of limitation for their physical chemistry and applications. It means that the 2D graphene sheet 
itself is no volume and no 3D structures, and then it is not suitable for practical 3D devices which require some 
thickness (i.e. single layer graphene is not always required for applications) and quick mass transport inside 
graphene 

sheets. Indeed, the stacked 2D graphene sheets with certain volume cannot avoid short circuit between 
uncontrollable layers and also cannot provide effective mass transport pathways inside and outside graphene sheets 
due to no porous (space) structures. Thus, it is widely recognized that the 2D graphene sheets are not suitable for 
applications which require ions/molecules injections for carrier doping or chemical reactions. Therefore, many 
researchers have been challenging to introduce open 3D porous into a single 2D graphene sheet for applications. 
Here I would like to report a novel 3D nanoporous graphene sheet with preserved 2D electronic nature, tunable 
pore sizes and high electron mobility for electronic applications, successfully synthesized by using nanoporous 
metal based chemical vapor deposition (CVD) method. The complex 3D network comprised of interconnected 
graphene whose structure was exactly duplicated from the morphology of nanoporous metal having periodic 
structures confirmed with transmission electron microscope (TEM) tomography remains to be a 2D coherent 
electron system of the mass-less Dirac fermions investigated with angle-resolved photoemission spectroscopy. The 
transport properties of the nanoporous graphene show a semiconductor-like behavior and strong pore size 
dependence together with unique angular independence. The 3D nanoporous graphene keeps high electron mobility 
of ca. 5000 cm2/(Vs)-1 by a semiclassical model analysis. These results will contribute the understanding of physics 
of constricting electrons on 2D periodic sheet structures. 

Another interesting points are chemical properties of 3D nanoporous graphene. Graphene is known as a very 
stable materials without any defective structures so that graphene shows no chemical activities. Here I focused 
geometric defects to form the curved graphene layer and considered that the geometric defects on the curved part 
can be a host of chemical dopants, enhancing chemical activity and tuning their electronic density of state. With 
this idea, I and colleagues have successfully investigated 3D chemically doped nanoporous graphene for 
applications of oxygen reduction reaction[21], hydrogen evolution reaction[6,12], supercapacitor[3], lithium-air 
battery[1,5,7], steam generation by heat localization[8], photodetector[4]. Most remarkable results here are 
renewable energy devices and we have discovered the interesting chemical properties of 3D nanoporous graphene 
chemically doped with nitrogen and nitrogen-sulfur. The chemically doped graphene have greatly promoted 
chemical activities towards both oxygen reduction reaction and hydrogen evolution reaction with an aid of easy 
mass transport inside and outside nanoporous graphene sheet. Their performances are very close to platinum 
catalysts and it can be called as metal-free energy harvesting graphene devices. I strongly believe that the 3D 
nanoporous graphene will bring a breakthrough on physics, chemistry and industrial applications which 2D 
graphene devices cannot be achieved. 
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