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SCEEE  Squaraine-based organic photovoltaic cells: material design, synthesis, properties
and device performance
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Organic photovoltaics (OPVs) have attracted much attention because of their advantages
of low processing cost and roll-to-roll processability for light-weight, large area and flexible
solar cells. In the past decades, the research of OPV has achieved great development on both
of material exploitation and device engineering. So far, over 10% of power conversion
efficiency has been achieved from tandem OPV cells.

Squaraine (SQ) dyes have shown promising potential for OPV application due to their
intense absorption with high absorption coefficients in visible and near-infrared (NIR) spectral
regions. Several series of SQ dyes have been introduced into OPV cells as electron donors
combined with fullerene derivatives, demonstrating efficient PV performance. ‘

This thesis mainly focuses on the research of SQ-based OPVs, including molecule design,
material synthesis and properties, as well as the device performance. The first chapter gives a
brief overview of OPV, including the fundamentals of OPV technology and some published
research works on SQ based OPVs. In chapter 2, a series of SQ dyes are designed and
synthesized, and the material properties are also characterized. Then they are used as donor
materials in OPV cells. The relationship of molecular structure-material properties-PV
performance is found in order to improve the material design techniques. Chapter 3 focuses on
the research work of SQ1 based OPV cells, including the optical and electrical analysis of SQ1
in a planar heterojunction OPV device and various device architectures for high-performance
OPV cells. For chapter 4, J-aggregation of a SQ dye in OPV cells is investigated. The results
display that J-aggregation of SQ molecules is benefit to higher efficiency in OPV cells. In
Chapter 5, conclusions of the thesis, and also the outlook of the future research direction about
SQ-based OPV cells are displayed.

Through these research approaches and results, four promising SQ dyes, several record
efficiencies and some valuable findings in SQ-based OPV cells have been demonstrated.
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