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  This project, "Nanomaterial-based Photonic, Quantum and Bio Technologies", aims at 

exploring science and developing innovative technologies on the basis of nanomaterials and 

nanostructures to contribute to solving problems the society faces in areas as diverse as 

information, energy, and medicine. Molecules may play major roles in this context as molecules 

are intrinsic nanomaterials that can incorporate functions. Particularly, metal complexes are 

versatile functional nanomaterials due to their rich optical, redox, and reactive properties. 

  Ruthenium polypyridine complexes are well known for their excellent photophysical 

properties. Polymetallic ruthenium polypyridine complexes with bridging ligands containing an 

azo group (–N=N–) are further endowed with additional ligand-based redox properties. The 

excited state dynamics of the metal complexes are significantly affected by the redox state of 

the azo ligands. This property has been exploited, leading to the development of molecular 

switches that modulate the excited state energy transfer processes and turn on/off the emission 

of light.1,2 Recently, we found that a certain azo-containing ruthenium complex exhibits color 

changes upon binding to DNA duplexes in a sequence and structure sensitive way.3 

   Molecular machines are the ultimate goal of the ongoing trend of miniaturization for ever 

smaller machines. Double-decker porphyrins/phthalocyanines are unique metal complexes in 

which a metal ion is flanked by two macrocycles in a sandwich fashion. The two macrocycles 

(pieces of bread) rotates with respect to the central metal ion. We successfully visualized the 

rotation of a double-decker complex 

immobilized on a surface on an individual 

molecule basis by means of scanning 

tunneling microscopy. The result is 

encouraging toward the development of 

molecular machines. 
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Figure 1. Rotation of molecules visualized. 


