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Abstract of Thesis

A study on photovoltaic properties of octaalkylphthalocyanine (CnPcHz)-based bulk heterojunction (BHJ) organic
solar cells (OSCs) with donor and acceptor phase-separated structures is reported. The effects of processing
additives on the donor and acceptor phase separation and crystallization of BHJ materials are investigated and
the high photovoltaic performances of the OSCs are achieved with the optimum donor and acceptor phase
separation and crystallization of BHJ materials. Furthermore, the optical and electronic properties, structures,
and stability of CnPcHz2 are evaluated.

Chapter 1: Introduction

The purpose and overview of the dissertation is given. The general background of BHJ OSCs and their
mechanism are also introduced. The fundamental properties, such as the optical and electronic properties, of

mesogenic-phthalocyanine are briefly described.

Chapter 2: Effects of processing additives on nanoscale phase separation, crystallization and photovoltaic

performances of solar cells

Studies on the effects of processing additives on the donor and acceptor phase separation, crystallization, and
photovoltaic performance of BHJ OSCs made of 1,4,8,11,15,18,22,25-octahexylphthalocyanine (C6PcHs) and
[6,6]-phenyl-C61 butyric acid methyl ester ([60JPCBM) via spin-casting are reported. By incorporating various
solvents as processing additives to a volume of a few percent, the separation of donor and acceptor phases in
C6PcH2:[60]JPCBM thin films, which is discussed by taking the photoluminescence (PL) quenching, Davydov
splitting at the Q-band of the absorbance spectra and the surface nanomorphology into consideration, is
promoted, and the crystallinity of the discotic C6PcH2 molecules with hexagonal structures is reinforced. The
BHJ OSCs with the optimum phase-separated BHJ materials and high crystallinity of the discotic C6PcH2

molecules demonstrate the high power conversion efficiency (PCE) of 4.2%.
Chapter 3: Roles of fullerene in photovoltaic properties of solar cells

The C6PcH2:[60]PCBM-based BHJ OSCs demonstrated the relatively high PCE of 4.2%, and the external
quantum efficiency (EQE) at Q band of phthalocyanine close to 60%, by utilizing processing additives. However,
the EQE at around 500 nm was limited due to the low absorption of both C6PcH2 and [60]PCBM. By using
asymmetric fullerene derivatives, [6,6]-phenyl-C71 butyric acid methyl ester ([70]PCBM), the EQE of the OSCs
at around 500 nm is improved from 8% to 24%, and the short-circuit current density increases from 8.1 to 10.2
mA/cm2. An open-circuit voltage of 0.96 V is achieved by a using fullerene derivative with a high lowest
unoccupied molecular orbital. Furthermore, the effects of blend ratios on the photovoltaic properties of BHJ

0OSCs utilizing C6PcHz were also discussed.
Chapter 4: Alkyl substituent length dependence of photovoltaic performance of solar cells

Alkyl substituent length dependences of photovoltaic performance of BHJ OSCs utilizing CnPcH2 mixed in
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[70]PCBM are studied. By shortening the alkyl substituents, stacking of the discotic CnPcHs columns is probably
changed from 2-D rectangular lattices to pseudohexagonal structures, and Davydov splitting at the Q-band of
CnPcHz absorbance spectra decreases, which results in the balance of hole and electron mobilities and the
deeper highest occupied molecular orbital energy levels. As a result, the photovoltaic performance of

CnPcHz-based BHJ OSCs is improved by shortening the alky substituent length.

Chapter 5: Mechanism of degradation and improvement of stability on mesogenic-phthalocyanine-based solar

cells

Mechanism of degradation and improvement of stability on mesogenic-phthalocyanine-based solar cells are
studied. C6PcHz-based cells demonstrate higher stability than the cells fabricated using poly(3-hexylthiophene)
without any ambient dependence. Furthermore, one found that the chemical bonds of two pyrrole aza nitrogens
as well as the four mesobridging aza nitrogens with neighboring carbons in the C6PcHz molecule are broken
after irradiation with a solar simulator, which affected the device lifetime. On the other hand, the Ceo thin films
and the oxidized layers play an important role as blocking layers that prevent the diffusion of metal atoms into

the active layer, resulting in the higher stability.
Chapter 6: Conclusion

The obtained results are summarized and the main conclusions are drawn.
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