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1. Introduction  
 Development of organic thin-film photovoltaic cells have become important 
subjects because those devices are expected to provide renewable energy technology. 
Fullerenes are commonly used as photoelectrochemically active materials in organic 
electronic devices due to their high electron affinity that enables efficient photoinduced 
electron transfer and charge separation. To achieve efficient and mechanistically 
well-defined photo-energy conversion, rational design of fullerene molecules and 
construction of their ordered supramolecular structures in solid states as well as on 
surface are crucial issue. Herein we report design of new fullerene derivatives[1] and their 
application to organic photovoltaic devices.[2]  
 
2. Design of Novel Functionalized Fullerene Derivatives 
 Functionalized fullerenes are obtained by chemical modifications of fullerenes. 
Photoelectronic functions of fullerene derivatives mainly depend on the size and shape of 
their π-electron conjugated systems, which can be modified by the change of number and 
position of organic addends on the fullerene core. In addition, one can construct desired 
supramolecular organized structure of 
fullerene derivatives by changing 
organic substituents. In order to develop 
efficient electron-accepting materials, 
we have developed various methods for 
the efficient synthesis of organic 
functionalized fullerene derivatives.[3–5]  
 
3. Development of Organic Thin-Film Photovoltaic Devices 
 Organic photovoltaic devices offer a realistic possibility of low-cost photo-energy 
conversion systems. However, there are two issues that need to be resolved: One is the 
rather narrow repertoire of materials, especially acceptor materials, and the other is the 
lack of precise structural information on the active layer—the heart of the device, where 
photo excitation and charge separation occur. We report here that newly designed 
electron acceptor materials, bis(silylmethyl)[60]fullerenes (SIMEFs)[6] can control 
photoelectronic functions, thermal properties, and supramolecular organization 
structures to give high photocurrent and voltage in photovoltaic cells. In addition, we 
discuss here that a new solution-processable, small-molecule based fabrication process 
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allows us to obtain a three-layered p-i-n structure in which the i-layer possesses a clearly 
defined interdigitated structure formed by spontaneous crystalline phase separation 
during thermal processing. This device showed a power-conversion efficiency (PCE) of 
5.2%.[2] 

 

 
Figure. Organic Thin-Film Photovoltaic Cells. (a) A prototype sample of the device. (b) A 
device structure and materials. (c) A scanning electron microscope image for columns of 
the donor material. (d) Procedures for the p-i-n three layered devices. 
 
Conclusion 
 Organic synthesis of fullerene derivatives gave us an efficient electron accepting 
materials for organic photovoltaic cells. Control of molecular properties as well as 
well-organized supramolecular structures in the devices plays a crucial role in the 
creation of high efficiency organic solar cells. 
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