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Electroabsorption (EA) studies at room temperature on polycrystalline thin
films of a-octithiophene (8T), the longest non-substituted model oligomer of
polythiophene, are reported. The EA spectra obtained on isotropic 8T films
deposited on top of coplanar electrodes exhibit several intense and narrow
peaks in the absorption region and on the absorption edge. They are compared
with the derivatives of absorption spectrum, and it is shown that the excitation
in the longer wavelength absorption presents a Frenkel exciton character.
Third-order nonlinear optical susceptibility ¥® (-w; ®, 0, 0) is evaluated to be
in the order of 10-10 esu at its maximum,

Keywords: electroabsorption spectroscopy; a-octithiophene, evaporated
polycrystalline thin films, third-order nonlinear optical properties

INTRODUCTION

Oligothiophenes have recently emerged as efficient organic semiconductors
with potential applications in electronic devices such as field-effect transistors
(FETs) [1]. In addition to their excellent transport properties in vacuum-
evaporated thin films, these w-conjugated compounds also possess large third-
order nonlinear optical susceptibilities x(” due to their highly delocalized n-
electrons and fully planar geometry in the solid state. The influence of chain
length, substitution by electro-active groups and molecular conformation have
been studied by optical third harmonic generation (THG) in solution and in
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the condensed state [2-7], and it was revealed that the second-order molecular
hyperpolarizability y and third-order nonlinear optical susceptibility x®
increase with chain length up to 8 or even 15 thiophene rings in the molecule.

Octithiophene (8T) shown in Figure 1 is the longest non-substituted
oligomer of thiophene (length=32 A) that can be synthesized and isolated as a
pure crystalline compound [8]. Similar to its lower homologue sexithiophene
(6T), it crystallizes in the monoclinic system (P2, space group) with four
molecules in the unit cell [9]. The molecules are fully planar and parallel to
each other in a herringbone fashion, resulting in a high carrier mobility up to
three times higher (it = 0.06-0.09 cm2 V-1s-1) than that of 6T [10-12].

[\ [\ [ [\
\_/ \_/ \_/

FIGURE 1  Structure of octithiophene.

Electroabsorption (EA) spectroscopy is a popular technique to
investigate the nature of excitons, the polarizabilities of the Frenkel exciton
states, and so on [13]. EA is also a powerful method to determine %(3) as a
spectrum, although no measurements have been reported on thiophene
oligomers. It is thus significant to investigate evaporated 8T thin films by this
technique in order to investigate the influence of chain length and to evaluate
its xO.

In this paper, we report on EA measurements on evaporated 8T thin
films to evaluate its susceptibility x3)(-®; ®, 0, 0).

EXPERIMENTAL

The synthesis and purification of 8T have been described elsewhere [8]. High
purity 8T films with the thickness of 100 nm were prepared by vacuum
evaporation on substrates with electrodes at room temperature under a
pressure of 10-5 torr and at a rate of 5-10 nm/minute. In these conditions, the
8T molecules are randomly oriented on the substrate resulting in isotropic
polycrystalline films. Cr electrodes on the quartz substrates were patterned to
have gaps of 10, 20 or 40 pm wide by photolithography using the lift-off
technique. In this sample configuration, the external applied electric field is
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parallel to the quartz substrate [14].

In the EA measurement setup, monochromated light was focused to
0.3 mm X% 1 mm spot on the sample, and the light transmitted through a gap
between two electrodes went through a polarizer and detected by a
photodiode. A sinusoidal ac-voltage at f=140 Hz in the range of 0-100 V,
which corresponds to fields up to 105 V/cm, was applied to the sample without
damaging the organic layer, and the absorption change at 2f was detected by
the lock-in amplifier. All measurements were carried out at room temperature.

RESULTS AND DISCUSSION

Figure 2 shows the UV-visible absorption spectrum and the EA spectrum of a
polycrystalline 8T film. A broad absorption band extending over 300-600 nm
with a peak around 400 nm was observed together with due to two vibronic
side-bands at 550 and S00 nm. On the other hand, the EA response presented
intense and narrow peaks at 570, 520 and 480 nm. These features are similar
to those of 6T [13]. The EA signal was proportional to the square of the
applied field F, as expected.

The absorption spectra of oligothiophenes is already elucidated by
exciton interactions between nearest neighbor molecules in closed-packed
organization: the coupling between the transition dipole of molecules at non-
equivalent sites leads to Davydov splitting of the 1A;— 1B, transition. The
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FIGURE 2 Absorption (dotted line) and electroabsorption (full line)
spectra of a 100nm-thick polycrystalline 8T film at external
field of 4.8x104 V/cm.
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transition between the ground state and the upper Davydov level is allowed
and the transition between the ground state and the lower excited state
becomes forbidden. The main peak observed at 400 nm is attributed to the
allowed transition, and the small peak at 500 nm and its vibronic replica might
be attributed to the forbidden transition allowed by disorder such as grain
boundaries.

EA spectrum reflects the nature of the transitions involved: neutral
transitions such in as Frenkel excitons show EA spectra proportional to the
first derivative of the absorption spectrum; highly polar transitions such as in
charge-transfer (CT) excitons provide EA spectra proportional to the second
derivative of it [13,15,16]. Figure 3 shows the EA spectrum together with the
first and second derivatives of the absorption spectrum. It can be observed that
the whole EA spectrum does not strictly follow neither the first nor the second
derivative of the absorption spectrum. However, at the low energy side (500-
650 nm) where the most intense EA peaks appear, the EA spectrum seems
more similar to the 1st derivative than to the 2nd one, suggesting that the
transitions in this region possess a Frenkel exciton character rather than a CT
one.

The third-order nonlinear optical susceptibility %) (-; ®, 0, 0) was
evaluated as follows:

13 («w; , 0, 0) = [(nAn-kAKk) + i(nAk+kAn)] / 2r F2 3)

400 500 600 700
Wavelength [nm]

FIGURE 3 EA spectrum (thick full line), and first (thin full line) and
second (thin dashed line) derivatives of the absorption
spectrum of a 8T thin film sample.
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FIGURE 4 Spectrum of the real and imaginary parts of the third-order
nonlinear optical susceptibility %) (-w; ®, 0, 0) of a 8T film.

where An and Ak are the change of refractive index n and extinction
coefficient k due to applied electric field F. An and Ak was obtained from Ao
through the Kramers-Krénig transformation, and dispersion of n and k of the
8T films were measured by ellipsometry. The refractive index at 633 nm was
about n=2.1 in good agreement with previous report [17]. In the absorption
region, n increases up to n=2.3 and shows anomalous dispersion at short
wavelength region. Figure 4 shows the spectral dependence of the real and
imaginary parts of ) (-o; ®, 0, 0) of a 8T thin film. The magnitude of
x® (-0; ®, 0, 0) was up to 2x10-10 esu. Although it is difficult to directly
compare this value to XCX-30; ©, ©, ®) of 6T (2x10-12esu [3]) and
polythiophene (10-1! - 10-12esu [18]) thin films measured by THG, this high
value might be ascribed to the high degree of conjugation in the 8T molecule
together with the high structural order of the 8T polycrystalline films.

CONCLUSION

Electroabsorption measurements on polycrystalline non-oriented
octithiophene thin films at room temperature has been reported for the first
time. These preliminary results suggest that the transitions at 500-600 nm
presents a Frenkel exciton character rather than a CT exciton one. The
nonlinear susceptibility ¥ (-o; o, 0, 0) was evaluated as high as 2x10-10esu.
Further EA measurements are in progress on oriented thin films and single
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crystals of 8T in order to examine the influence of structural order on the
third-order optical nonlinearity.
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