1040

Chemistry Letters Vol.38, No.11 (2009)

Synthesis and Carrier Transport Properties of Triarylamine-based
Amorphous Polymers for Organic Field-effect Transistors

Takeshi Yasuda,*!"* Takao Suzuki,?

Mitsuru Takahashi,? and Tetsuo Tsutsui*

| Exploratory Materials Research Laboratory for Energy and Environment, National Institute for Materials Science (NIMS),
1-2-1 Sengen, Tsukuba 305-0047
2PRESTO, Japan Science and Technology (JST) Agency, 5 Sanbancho, Chiyoda-ku, Tokyo 102-0075
3Tosoh Corporation, 4560 Kaisei-cho, Shunan 746-8501
4Institute for Materials Chemistry and Engineering, Kyushu University, 6-1 Kasugakoen, Kasuga 816-8580

(Received August 13, 2009; CL-090750; E-mail: YASUDA.Takeshi @nims.go.jp)

Twenty-three kinds of triarylamine-based polymers, which
are a new class of p-type semiconducting materials for organic
field-effect transistors (OFETs), were synthesized by Pd-cata-
lyzed amination of the corresponding aryldihalide and aryl-
amine. All triarylamine-based polymers in this study exhibited
p-channel behavior in OFETs and field-effect hole mobilities
ranged from 107% to 103 cm? V=151,

Polycrystalline films of organic semiconductors have re-
cently attracted considerable interest from the viewpoint of ob-
taining high carrier mobilities for organic field-effect transistors
(OFETs).! Despite their lower carrier mobilities, amorphous or-
ganic thin films for OFETs are also interesting for several rea-
sons.? First, morphological effects, which often lead to poor re-
producibility of the performance of polycrystalline film OFETs,
are not a major concern. Amorphous films without any grain
boundaries lead to the spatial homogeneity of transport proper-
ties with high reproducibility of the data. Second, amorphous or-
ganic thin films can be fabricated by simple solution processes,
such as spin-coating, screen printing, and inkjet printing.

In organic semiconductors that form amorphous films, tri-
arylamine-based polymers are reported to be suitable materials
for OFETSs because they can be handled in air.> OFETs based
on the semiconducting polymer and a low-k insulator remain sta-
ble and operate under ambient atmosphere with hole mobilities
up to 1072 cm? V! s71 3 However, previous studies have exam-
ined only a few kinds of triarylamine-based polymers for
OFETs.? Scheme 1 shows the general formula of a triaryl-
amine-based polymer; by varying the 7-conjugated main chain
(Ar) or the pendant group (Ar!), the highest occupied molecular
orbital (HOMO) energy level and glass transition temperature
can be influenced. The choice of the 7-conjugated main chain
or the pendant group is crucial for tuning the performance of
OFETs. Therefore, in this study, we have designed and synthe-
sized twenty-three kinds of triarylamine-based amorphous poly-
mers (Figure 1), which are a new class of p-type semiconducting
materials for OFETs, and investigated the performance of
OFETs with the new polymers.

The polymers were synthesized by Pd-catalyzed amination
of the corresponding aryldihalide and arylamine (Scheme 1).4
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Scheme 1. Synthesis of triarylamine-based polymers.
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Figure 1. Molecular structure of triarylamine-based polymers.

By using this reaction, a wide range of triarylamine-based poly-
mers was easily prepared with excellent yields under mild con-
ditions. Among the polymers, only TSP-C11 and TSP-C21 were
synthesized by using the Pd-catalyzed Suzuki coupling.’ Poly-
mer synthesis was controlled by using the end capping reagents
introduced during the reaction to stop the polymer growth. The
terminals of TSP-C11 and TSP-C21 were capped with biphenyl
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groups, and the terminals of other polymers synthesized in this
study were capped with phenyl groups.

The weight-average molecular weight (M,,) with the poly-
dispersity index (My/M,), the glass transition temperature,
and HOMO energy levels were estimated and summarized as
the physical and chemical properties of polymers.> We fabricat-
ed OFETs that had top-contact geometry.®” All triarylamine-
based polymers in this study exhibited p-channel behavior in
OFETs, and field-effect hole mobilities ranged from 107 to
103 cm? V~!s~!. For example, OFETs based on the polymer
with the chrysene unit in the conjugated main chain (TSP-
C32) showed a field-effect hole mobility of 5.0 x 107°
cm? V~!s71. On the other hand, the polymer with the biphenyl
unit in the main chain (TSP-A12) exhibited a field-effect hole
mobility of 8.0 x 107*cm? V1571,

To investigate the relationship between Mys and the per-
formance of OFETSs, we prepared TSP-A02 with a My, of 5500
and TSP-A02 with a M, of 9400, and fabricated OFETSs based
on both materials. The field-effect hole mobility was 7.1 x
107*em? V-1s7! for TSP-A02 (M,, = 5500) and 7.4 x 107*
cm?V~!s~! for TSP-A02 (M,, = 9400). We did not expect a
strong My, influence on performances of OFETs that used mate-
rials listed in Table 1, which have Mys in the 7300-24600
range.’ Little difference in the mobilities was observed in OFETs
based on type 1 and type 2 materials in Figure 1, which have dif-
ferent lengths of side alkyl chain or different pendant groups.
The pendant groups did not change the OFET mobilities but
changed the threshold voltages due to tuning of HOMO energy
levels related to the hole injection barrier from Au source elec-
trodes.’

Next, we investigated the relationship between the 77-conju-
gated main chains (Ar in Scheme 1) of type 3 polymers (Figure 1)
and the field-effect mobilities. Triarylamine-based polymers
with short 77-conjugation (TSP-DO1 and -D04) or long 77-conju-
gation (TSP-CO01, -C11, and -C21) or bulky 77-conjugated groups
(TSP-C31, -C32, -C41, and -C42) had low field-effect mobilities
compared to polymers with biphenyl units (TSP-A01 and -A12).
Therefore, a suitable 77-conjugation length and a suitable 77-con-
jugated main chain size of a triarylamine-based polymer could
improve the OFET performance. In order to form thin films of
densely packed molecules, and then improve the OFET perform-
ance, a thermal treatment for some OFETs with triarylamine-
based polymers was carried out at 100 °C under N, atmosphere
for 12 h. After the treatment, the field-effect mobilities of OFETs
using triarylamine-based polymers with bulky 7-conjugated
groups were much improved up to 1.6 x 1073 cm? V=!s71,

In summary, we have demonstrated OFETs based on twen-
ty-three kinds of triarylamine-based amorphous polymers, which
are a new class of p-type semiconducting materials, and reported
the relationship between the performance of OFETSs and the mo-
lecular structure. These results provide a good strategy for mo-
lecular design of amorphous organic semiconductors for OFETs.
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