WX N A 0o EF

-3 CREE : Exploration of substituent impact on the packing and electronic
characteristics of tetrabenzoporphyrin (7 b Z XV RV T ¢ U o DEFIFE L
BRI 5 BRAR OBFE)

Ik 4: Jeong Eunjeong

Tetrabenzoporphyrin (BP) is a promising organic semiconductor; however, only a limited number
of BP derivatives have been reported to date, and little has been investigated about the impact of
substituents on BP’s properties toward achieving efficient organic electronic devices.

In Chapter 1, specific examples of how substituents affect the properties and device
performances of #-conjugated backbone including BP are described.

In Chapter 2, different sizes of substituents were introduced onto the 5,15-carbons of the BP
framework to investigate the substituent impact on molecular packing of BP. BP derivatives
C8DIPS-BP, C8DMS-BP and its copper complex C8DMS-CuBP were designed as materials for
organic field-effect transistors (OFETs). By introducing small methyl groups instead of bulky
i-propyl groups, m—m interaction between BP framework was enhanced in C8DMS-BP and
CSDMS-CuBP. As a result, improved field-effect hole mobilities (4.1 cm? V™! s7! at best) were
achieved compared to previously reported BP derivatives.

Chapter 3 focuses on modulating the frontier-orbital energies of BP toward improving
open-circuit voltage (Voc) in organic photovoltaics (OPVs). In order to overcome the problem of low
Voc due to the highest occupied molecular orbital (HOMO) level of BP, two electron-withdrawing
trifluoromethyl (CF3) groups were introduced onto BP to give 2CF;BP. This structural modification
resulted in significant stabilization of the HOMO level (—5.0 — —5.5 eV) and thus an improved Voc
in OPV (0.589 — 0.917 V) as compared to the case of pristine BP.

Chapter 4 describes the photovoltaic performance of BP derivatives equipped with four strongly
electron-withdrawing groups. In comparison with 2CF3BP, the frontier-orbital energies of 4CF:BP
and pCNBP were further stabilized to such a degree that they could work as acceptor in OPVs.
Meanwhile, another derivative pCNBP showed non-aggregating nature in bulk-heterojunction films
prepared by thermal conversion approach. This observation indicates that the combination of a
curved m-framework and noncoplanar substituents as in pCNBP is a promising molecular design
approach for avoiding extensive self-aggregation in polymer:small-molecule blends.

Chapter 5 describes the general conclusion of this dissertation and suggests future directions for

the molecular design toward realizing efficient organic electronic devices.
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