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【Purpose and Background of the Research】 
While the carbon materials, such as graphite, diamond, 

and nanocarbons, has been studied extensively, the graph 
theory recently has predicted the K4 structure as a new 
carbon allotrope. It is mathematically demonstrated that 
only the three lattices, namely honeycomb, diamond and 
K4, which are lattices of the carbon allotropes, exhibit the 
property of “strong isotropy”. It is notable that the band 
structures of the three carbon allotropes include exotic 
band dispersions, which are characterized as Dirac cone, 
Dirac nodal line and triplet Dirac cone, respectively. 
Therefore, if the Fermi levels can be freely controlled in 
them, Dirac fermion systems would be newly constructed. 
However, it is hard to realize this idea in the carbon 
allotropes, so that we propose to make molecular mimics 
of the carbon allotropes, and then to carry out the band 
filling controls, taking advantage of their porous structures 
and redox activities. The purpose of this project is to 
exploit the electronic/spin functions originating from the 
topology of strong isotropic lattices, developing 
electrochemical band-filling control. We also elucidate the 
solid-state electrochemical functions, derived from the 
synergetic effects between electron and ion transport in the 
molecule-based strong isotropic lattices. 

【Research Methods】 
1. Rational Synthesis 
We work on a new methodology for making molecule-

based strong isotropic materials, using “polyhedral π-
conjugated molecules” with the C3 or Td symmetry. They 
respectively play the roles of sp2 or sp3 carbon in the 
carbon allotropes, to form their molecular mimics. 

2. Electrochemical Band-filling Control 
The band structures of molecule-based strong isotropic 

materials authentically include Dirac cones and flat 
bands. After confirming these band structures by the 
angle-resolved photoelectron spectroscopy and the 
scanning tunneling spectroscopy, we carry out the 
electrochemical hole/electron doping to these bands 
without destroying the framework lattices. 

3. Operando Measurements 
We have already developed the operando measurement 

systems on XAFS, XRD, NMR, etc. under solid-state 
electrochemical reactions. The present research on the 
strong isotropic materials is conducted under the guidance 
of these operando measurements. 

 
【Expected Research Achievements and 

Scientific Significance】 
Combining physics and mathematics of strong isotropy 

by means of chemistry, we contribute to the science and 
technology of topological materials. Establishing the 
authentic ways to form Dirac cones and flat bands, and the 
methodology of electrochemical band filling control, we 
develop novel electronic functions. The electrochemical 
functions such as high energy storage are also realized. 
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