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(Tokyo, 20 Sept 2015) Novel tuneable metallofullerenes are developed by a research team 
including scientists from the University of Electro-Communications, Tokyo.  
 
Tiny nanoscale molecules in the form of spherical carbon cages, or ‘fullerenes’, have 
received considerable attention in recent years. Individual or small groups of atoms can be 
trapped inside fullerenes, creating stable molecules with unique electronic structures and 
unusual properties that can be exploited in the field of nanomaterials and biomedical 
science.  
 
Endohedral metallofullerenes (EMFs) are one such class of molecules, in which one or more 
metal atoms are encapsulated inside many kinds of carbon cages. Crucially, the metal 
atom(s) are not chemically bonded with the carbon surrounds, but they do donate electrons 
to the carbon cage. Scientists have recently begun to understand how to control the 
movement, behavior and positioning of the enclosed atoms by adding other atoms, such as 
silicon or germanium (in their silyl or germyl groups), to the fullerene surface. This allows for 
the manipulation and fine-tuning of the EMF’s properties.   
 
Now, Masahiro Kako and co-workers at the University of Electro-Communications in Tokyo, 
together with scientists across Japan and the USA, have created and analyzed the effects of 
silylation and germylation on an EMF called Lu3N@Ih-C80 (three lutetium atoms bonded to a 
nitrogen atom encased inside a carbon 80 cage).  
 
Using X-ray crystallography, electrochemical analyses and theoretical calculations, the team 
discovered that adding silyl groups or germyl groups to the fullerene structure was a 
versatile way of controlling the EMF’s electronic properties. The exact positioning of the silyl 
or germyl groups in bonding to the carbon structure determined the energy gaps present in 
the EMF, and determined the orientation of the bonded metal atoms inside the cage.  
 
The germyl groups donated more electrons and the process worked slightly more efficiently 
than the silyl groups, but Kako and his team believe that both provide an effective way of 
fine-tuning EMF electronic characteristics. 
   
 
Background 
A brief history of fullerenes 
 
Fullerenes are carbon molecules that take the shape of spheres. The most famous and 
abundant fullerene is the buckminsterfullerene, or ‘buckyball’, C60, which resembles a 
soccer ball in shape with a bonded carbon atom at each point of every polygon.  



 
Endohedral metallofullerenes, or EMFs, are created by trapping a metal atom or atoms 
inside a fullerene cage, rather like a hamster in a ball. The trapped atom(s) are not 
chemically-bonded to the carbon, but they do interact with it by donating electrons, thus 
creating unique and very useful molecules for nanomaterial science and biomedicine.  
 
Silylation and germylation 
 
The addition of other atoms to fullerene surfaces can affect EMF properties, by regulating 
the behavior of the metal atoms inside the fullerene cage. In one EMF, the movement of 
lanthanum atoms is restricted to two dimensions by the addition of silyl groups to the 
carbon cage. This alters the electrostatic potentials inside the cage and restricts the 
lanthanum atoms’ mobility, and thus changes the overall properties of the whole molecule.  
 
This study by Masahiro Kako and co-workers further enhances understanding of the effects 
of silylation and germylation (the addition of silicon-based and germanium-based groups) on 
lutetium-based EMFs. The team have shown that the exact positioning of the additional 
atoms in the carbon structure can influence the energy gaps across the molecule, thereby 
allowing them to tune the electronic properties of the EMF. This ability to ‘fine-tune’ EMFs 
could have some applications for functional materials in molecular electronics, such as acceptors in 

organic photovoltaic devices. 
  
Further work 
 
Kako and his team hope to carry out further investigations into the addition of alternative 
groups of atoms to fullerenes, to add to the tuning properties of silicon- and germanium-
based groups. This could expand on the versatility of EMFs and their potential applications 
in future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                               Figure 1. Syntheses of Silylated and Germylated Lu3N@Ih-C80. 
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