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i X B B The Electronic States of Single Molecules of Bithiophene

and Terthiophene in a Cyclodextrin and Their Single Crystals

Olygothiophenes are very interesting materials of electroconductive organic
materials. Bithiophene (BT) and Terthiophene (TT) single crystals were prepared by
vapor growth method under pressure of argon gas with 3.4x 104 Pa. Isolated single
molecules were prepared by inserting them into the vessels of 8- and v - cyclodextrins
(CyD). The absorption and fluorescence spectra of single crystals and isclated molecules
in CyDs were measured at 15K, 77K and room temperature (RT) in the closed-cycle
helium cryostat. It was very difficult to obtain optical absorption and fluorescence
spectra of thin BT single crystal, because of its low melting temperature (305 K) and of
the sublimation character. We devised a new sample holder, which composed of quartz
plates and indium ring. Absorption spectrum of single crystal and isolated molecules
were derived from the reflection spectra by the use of Kramer-Kronig and Kubelka-Munk
formula. The excitation wavelength for fluorescence measurements was 320 nm (3.87¢V)
for single crystals and isolated molecules and 300nm (4.13e¢V) for BT solution in
tetrahydrofuran (THF).

Absorption spectra of single crystals show stronger intensities at low temperatures
than those at high temperatures. The lowest energy absorption band appeared at 3.46eV
for BT single crystal and at 2.89eV for TT single crystal. Absorption spectra of isolated
BT and TT show three bands in the energy region of 3.0-6.6 eV. Absorption spectra of
isolated molecules in CyD show unusual characters. The absorption intensity increases
by raising temperatures. The lowest energy absorption peaks are 4.14eV and 3.6eV for

BT and TT, respectively.




The lowest energy absorption band shifts to lower energy by increasing the
thiophene rings. Singlet excited states and the rotational angle dependence of the
potential energy were calculated by semi-empirical method (WinMOPAC 3.5) and the
results are considered with the experimental results.. The absorption intensity of the
cis'BT is stronger than that of trans-BT. BT takes sis-form at high temperatures and
takes trans-form at low temperatures. This is the reason why BT shows stronger
absorption intensities at high temperatures.

Both of the fluorescence spectra of single crystals and isolated molecules of BT and
TT show fine structures at low temperatures. The energy difference between the
adjacent fine peaks is approximately 0.07-0.10eV for single crystal and 0.17-0.18¢V for
isolated molecules. These fine structures attributed to the molecular vibrations of CH
out-of-plane mode and the breathing mode. CH out-of-plane bending vibration modes are
seen only in the fluorescence spectra of BT and TT single crystals.

Furthermore, fluorescence spectra of isolated molecules of BT in 8- and y-CyD
are quite similar to each other, Peak energies shift to lower energies comparing to the
peak energy of the single crystal. This comes as follows; twin BT are arranged in parallel,
that is, face-to-face and the excimer is formed in 8 ~ and v -CyD. Fluorescence spectra of
BT solution in THF with several concentrations have been also observed to identify the
excimer formation.

Fluorescence peak energy of TT in - CyD shifts to higher energies than that of a
single crystal. This is the quantum size effect. On the contrary, the fluorescence
maximum of TT in y -CyD shifts to lower energy than that of the single crystal and also
than that in f-CyD. The red-shifted fluorescence comes from the excimer between twin

TTin v -CyD.
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