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Cyclo[60]fullerenes have attracted intensive attentions due to their excellent performance 

in photovoltaics, such as organic solar cells (OSCs) and perovskite solar cells (PSCs). 
Accordingly, great endeavors has been devoted into the efficient synthesis of 
cyclo[60]fullerenes, including phenyl-C61-butyric acid methyl ester (PC61BM), indene-C60 
bisadduct (ICBA), and methylene indene fullerene (MIF). It is worth noting that decreasing 
the π-system of C60 (60π) by derivatization can effectively increase the LUMO level of 
derivatives, which benefits the VOC in OSCs as the Voc = LUMOacceptor – HOMOdonor. However, 
in terms of PSCs, fullerene derivatives with multi-addend gave a much poor performance than 
pristine C60 as they are being as electron transporting layer. The molecular volume can be 
enlarged by multiple addends, which negatively influence the efficiency of the electron 
transporting ability. Consequently, conventional molecular design in OSCs is far-fetched to be 
conceived in PSCs.  

Among cyclo[60]fullerenes, especially derivatives with full carbon ring present much 
excellent performance such as three-membered ring (PCBM) and six-membered ring (ICBA, 
MIF). Nevertheless, five-membered ring has not been efficiently produced, which hinders the 
investigation of their property and performance in photovoltaics. To the best of our knowledge, 
although fullerenyl anion and radical mediated reaction elegantly pave the road for the 
efficient synthesis of cyclo[60]fullerenes, they confess feeble when faced with five-membered 
ring unit. Fullerene cation mediated reaction, a recently boosted methodology, showed its 
superiors in fullerene synthetic chemistry especially for unique molecules.1 Here in, we 
presented a fullerene-cation-mediated synthesis of cyclo[60]fullerenes and comprehensively 
evaluated the performance of five-membered ring fullerenes in PSCs, which gave a 
impressive high PCE up to 20.7%. 
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- Yield up to 93%
- Versatile functional groups
- PCE up to 20.7% by 5a  

[1] H.-S. Lin, Y. Matsuo Chem. Comm. 54, 11244 (2018). 
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