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Thermally Cross-Linkable Fullerene Derivatives:

Synthesis, Characterization, and Applications for Inverted Solar Cells

Student: Pei-Jung, Li Advisers: Dr. Yen-Ju Cheng

Department of Molecular Science National Chiao Tung University

Abstract:

Six fullerene derivatives, functionalized with a dendron containing two styryl
groups as thermal cross-linkers, has been rationally designed and easily synthesized.
The structure of PCgBSD, PC71BSDyand (PCBS is based on the most widely used
methanofullerene PCBM molecule, while POSDF, ISDF and PASDF, respectively,
consist of pyrrolidono, isexazolo -and pyrazolo heterocyclic rings as the bridges to
connect the crosslinkers with fullerenes. nsitu cross-linking of these materials was
carried out by heating at a.low temperattre 0f 160-180-°C for 30 min to generate a
robust, adhesive, and solvent-resistant thin film..=The crosslinked network enable a
sequential active layer to be successfully deposited on top of the interlayer to
overcome the problem of interfacial erosion and realize a multilayer inverted device
by all-solution processing. An inverted solar cell device based on an
ITO/ZnO/C-PCsBSD/P3HT:PCBM/PEDOT:PSS/Ag  configuration not  only
achieves enhanced device characteristics, with an impressive PCE of 4.4%, but also
exhibits an exceptional device lifetime without encapsulation. It greatly outperforms
a reference device (PCE = 3.5%) based on an
ITO/ZnO/P3HT:PCBM/PEDOT:PSS/Ag configuration without the interlayer. This
C-PCg:BSD interlayer exerts multiple positive effects on both P3HT/C-PC¢BSD and
PCBM/C-PCBSD localized heterojunctions at the interface of the active layer,



including improved exciton dissociation efficiency, reduced charge recombination,
decreased interface contact resistance, and induction of vertical phase separation to
reduce the bulk resistance of the active layer as well as passivation of the local shunts
at the ZnO interface. The devices integrated with C-POSDF as the interlayer
showed the inferior device performance with a PCE of 2.33 %, as compared to the
reference device. The decreased performance is mainly ascribed to the higher
crosslinking temperature of POSDF and poor solvent resistance of C-POSDF that
resulted in the interfacial erosion during the solution-processing. Although C-1SDF
and C-PASDF with lower LUMO energy levels can provide cascade electron
transport pathways, unexpectedly, the devices based on C-ISDF and C-PASDF as the
interlayers exhibited worse deviee performance. ' Several factors may be responsible
for this result. First, C-ISDF and-C-PASDF with low-lying LUMOs and higher
electron affinities may hinder the electrons to-efficiently enter the ZnO bottom layer.
Second, the intermolecular packing in“the crosslinked network of the C-ISDF and
C-PASDF may be very different from that of PCBM-based materials, leading to
different morphologies that negatively influence the electron transport as well as the
phase separation of the active layer. Based on our study, incorporation of
C-PCg1BSD interlayer could become a standard procedure in the fabrication of highly

efficient and stable multilayer inverted solar cells.
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