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ABSTRACT
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Synthesis of hexafluorocyclopenta] c]thiophene-repeated oligothiophenes up to 6-mer has been accomplished. The photophysical and
electrochemical properties of these oligomers unambiguously exemplify marked electronegative character without disrupting the effective
conjugation. The combination of time-resolved microwave conductivity and transient optical spectroscopy measurements of the 6-mer revealed
the intrinsic electron mobility to be as high as 20  x 107t cm? V-1 s71,

Thiophene-based oligomers and polymers have good electronalkyl groups have inspired growing research efforts due to
donating properties and inherently low electron affinities, their potential in the field of n-type OFETs® Recently, we
and they therefore have widespread applications as hole-have reported that the hexafluorocyclopecithjophene unit
transporting materials to various electronics such as organic
light-emitting diodes, organic field-effect transistors (OFETS),
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incorporated into thiophene oligomers induces electronega-positive ionization modé,we did not observe any [M]
tive character without disrupting the effective conjugation signals of4T or 6T under this mode. Instead, the negative-
in spite of the presence of perfluoroalkyl groups at both the mode ionization ofAT and6T resulted in the clear detection
B-positions? Stimulated by this result, we have concentrated of their [M]~ ions, showing that the formation of the
our efforts on synthesizing it-repeated homo-oligomers, molecular anions becomes easier owing to the increased
which should exhibit higher electronegativity while keeping number of electronegative repeating units.
the effective conjugation. This would constitute a novel  The UV—vis absorption spectra @T—6T are shown in
electron-transporting conjugated system. Here we report onFigure 1, and the absorption maxima are tabulated in Table
the synthesis of hexafluorocyclopentalc]thiophene homo-
oligomers 2T—6T, their electronic properties, and the _
intrinsic electron mobility of6T.

The synthetic route to the oligome?2§ —6T is outlined
in Scheme 1. As conventional transition-metal-catalyzed

Scheme 1. Synthesis of Hexafluorocyclopentalc]thiophene
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1. As the number of thiophene unit was increased, a marked
1) n-BuLi, = 12T red-shift of the absorption maximum together with an
oy AfeEeadl L et = 24T increase in the molar extinction coefficient was observed.
ELO o as%  10% n=36T This result clearly indicates that the annelation of hexa-

fluorocyclopentene at all the thiophene rings has little effect
on the effective conjugatiof.

Table 1. Spectroscopic and CV Data for the Oligomers

cross-coupling reactions including the Stille, Negishi, and
Suzuki reactions failed to obtain the desired oligomers due

to low stability and/or reactivity of the organometallic _ compd absmax*/nm Epaf/V Ep bV
derivatives, we carried out oxidative coupling reactions of 2T 312 not observed —1.80¢
lithiated species. Thus, conversion to a dimer derivafive 4T 376 not observed -1.27

was accomplished by lithiation df with n-BuLi followed 6T 398 not observed —1.03, -1.27
by oxidative coupling with CuBt The dimer2T was readily a1n THF. In CeHsF, 0.1 Mn-BuNPF;, V vs FC/FE. ¢ Irreversible.

obtained after protodesilylation @fusing TBAF. Subsequent

Fe(acagymediated oxidative coupling of lithiat&T directly ]
provided a mixture ofiT and6T, which were separated and _ CYclic voltammetry (CV) measurements2f—6T showed

purified by column chromatography on silica gel. Further distinct reduction waves on a cathodic scan (Figure 2 and
purification of 4T and 6T for elemental analysis and Table 1), while no oxidation wave was observed within the

spectroscopic and physical measurements was performed byange of potential measured for all the oligomers (Figure
gradient sublimation under high vacuum. The synthetic S2 in the Supporting Information). Their reduction potentials,

details and the compound-identification data are described®n 90ing from 2-mer to 6-mer, are markedly shifted to more
in the Supporting Information. It is worth mentioning that, POSitive values with the improvement of reversibility, and
while the molecular weights of the hexafluorocyclopenta- 6T exhibits even a quasi-reversible second reduction wave.

[c]thiophene-containing mixed-oligothiophenes were easily The high potential and good reversibility of the reduction
characterized by MALDI-TOF mass measurement in a Waves of6T indicate the formation of stable anionic species

in solution.
(8) (a) le, Y.; Nitani, M.; Ishikawa, M.; Nakayama, K.-i.; Tada, H.;
Kaneda, T.; Aso, YOrg. Lett.2007,9, 2115—-2118. (b) le, Y.; Umemoto, (10) Therr—sn* transition energies (eV) of these oligomers showed linear
Y.; Nitani, M; Aso, Y. Pure. Appl. Chem., in press. relation against the inverse thiophene-ring numbers, and the coefficient of
(9) le, Y.; Umemoto, Y.; Kaneda, T.; Aso, Yrg. Lett.2006,8, 5381— its linear relation (2.61) is smaller than that of nonsubstituted oligothiophenes
5384. (3.68) in THF (Figure S1 in the Supporting Information).
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Figure 2. Cyclic voltammograms o2 T—6T in CsHsF containing
0.1 M TBAPF;, 100 mV s,

In order to get further insight into the properties of the
reduced species, chemical reduction6df was performed
by using elemental sodium in dry THF under degassed
conditions. The neutrak—s* transition band of6T was

organic films at the interface with gate dielectrics and metal
electrodes, which are normally tuned by varied terminal
groups in oligomers and device fabrication conditions. For
the evaluation of rather intrinsic electron mobility 6T,

we have utilized the combination of time-resolved microwave
conductivity (TRMC) and transient optical spectroscopy
(TOS) measurements as an electrodeless méthiduk film

of 6T was prepared by drop cast from a THF solution. The
electronic absorption o8T film has the onset at 545 nm,
and the spectrum displays a broad shoulder as compared to
the solution spectrum, indicating some intermolecular inter-
action in the film (Figure S3 in the Supporting Informatidf).

To generate charge carriers by photoinduced electron transfer,
3.6 mol % ofN,N,N’N'-tetramethylp-phenylenediamine was
doped as an electron donor to tle& film. Upon laser
excitation at 355 nm, the absorption of t8€ radical anion

at 710 nm was observed in the TOS measurement, and the
product of electron mobility and photoinduced charge
separation yield ¢=u) of 4.2 x 107* cn? V™! st was
obtained (Figure 4). Based on tlevalue of 2.1x 102
estimated by the TOS, the electron mobility6df was found

to be 2.0x 10t cnm?V-1st

bleached, and instead two optical transitions appeared in the

UV—vis—NIR spectrum as shown in Figure 3, which was
attributed to the formation of a radical anidn.
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Figure 3. UV—vis—NIR spectrum of chemically reducegll in
THF.

The observed transition energies of 0.75 and 1.77 eV are
well reproduced by TBDFT calculations (B3LYP/6-
31G(d,p)) and correspond to the excitations from the SOMO
to LUMO level and from the SOMO to LUM@®?2 level,
respectively, both partially mixed with the HOMESOMO
transition (see the Supporting Information).

It has been well-known that field-effect mobility is strongly
affected by, in addition to the electronic properties and
packing structures of organic molecules, the morphology of

(11) (a) Bauerle, P.; Segelbacher, U.; Gaudl, K.-U.; Huttenlocher, D.;
Mehring, M. Angew. Chem., Int. EdL993 32, 76—-78. (b) Alberti, A.;
Ballarin, B.; Guerra, M.; Macciantelli, D.; Mucci, A.; Parenti, F.; Schenetti,
L.; Seeber, R.; Zanardi, ChemPhysCher2003,4, 1216—1225.
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Figure 4. Kinetic traces of microwave conductivity transients and
transient absorption (inset) 6fT film upon 355 nm irradiation.

This high electron mobility of the long-lived radical anion
might be attributable to the following reasons. First, lowering
the LUMO level leads to the efficient electron injection into
the conjugated system. Second, delocalization of the LUMO
orbital over the whole conjugated system of @femolecule
suppresses the charge recombination, which allows long-
lived anion species and facilitates the moving of electrons
along the intramolecular and intermolecular backbones. Little
changes between the SOMO orbital of the radical anion and
the LUMO orbital of the adjacent neutral molecule support
the ease of intermolecular electron migration (Figure 5).

In conclusion, we have successfully synthesized novel
electronegative oligothiophenes annelated with hexafluoro-

(12) (a) Saeki, A.; Seki, S.; Tagawa, S. Appl. Phys 2006, 100,
023703—1-6. (b) Saeki, A.; Seki, S.; Sunagawa, T.; Ushida, K.; Tagawa,
S. Philos. Mag2006,86, 1261—1276.

(13) This film did not show any peaks on X-ray diffraction measurement,
and no FET behavior was observed on a bottom-contact OFET setup.
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Figure 5. Calculated LUMO (a) o6T and SOMO (b) oBT radical
anion.

cyclopentene aill the 5-positions and established the strong
influence of the hexafluorocyclopentene moiety on their
electronic and electrochemical properties. The combination
of TRMC and TOS techniques revealed the intrinsic electron
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mobility to be as high as 2.& 107 cm? V-1 s7L. Further
studies on application to FET devices as well as the
comparison of TRMC and field-effect electron mobility will
be reported in due course.
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