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Intermolecular Energy-band Dispersion of BTQBT Thin Films

Shinji HASEGAWA, Nobuo UENO” , Kazuhiko SEKI"
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“Department of Materials Science, Faculty of Engineering, Chiba University,

"Department of Chemistry, Faculty of Science, Nagoya University

Angle-resolved ultraviolet photoemission spectra using synchrotron radiation were
measured for oriented thin films of Bis (1, 2, S-thiadiazolo) -p- quinobis (1, 3-dithiole)
(BTOBT) on graphite. From the Photon energy dependence of normal emission spectra,

the energy-band dispersion of 7 -bands were observed for the highest (HOMO) and next
highest (NHOMO) bands. This is the first observation of intermolecular dispersion in a

single-component organic molecular crystal. The results demonstrate that the BTQBT

molecules have a strong intermolecular interaction, which should contribute to the low

resistivity of BTQBT.
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Fig.1 Structure of bis (1, 2, 5-thiadiazolo) -p- quinobis
(1,3-dithiole)(BTQBT). It consists of electron-with
drawing 1, 2, 5-thiadiazole rings fused to a

strongly electron-donating 2, 2’-p-quinobis (1,
3-dithiole).
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Fig.2 Oriented thin films of organic molecules. (a):
molecules are aligned with the molecular axes
perpendicular to the substrate. (b) : molecules
are aligned with the molecular axes parallel to
the substrate. The intramolecular energy-band
dispersion (in case (a)) and the intermolecular
one (in case (b)) are observed along k. .
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Fig.3 BTQBT molecules in single crystal. The network
sheet is formed by short S «++S contact of 3.26A.
The spacing between network sheets is 3.45 A,
and molecule is inclined by =5°in the sheet. In
the present experiment, the energy-band disper-
sion was observed along k. .
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Fig.4 Experimental parameters in ARUPS measure-

ments.
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Fig.5 lllustration of a BTQBT molecule with inclination
angleBto the substrate. ¢.is azimuthal angle
around the substrate normal n.. Molecular
azimuthal angle ¢. is defined in the molecular
plane.
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Fig.6 The take-off angle (0) dependences of ARUPS
spectra at incidence angle @ =0°and hv=40eV
in the binding energy region of 0~3.5eV. The
intensity of the spectra is normalized to the
incident photon flux. The NHOMO and HOMO
bands are indicated by A and B.
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Fig.7 The take-off angle (6) dependences of photo-
emission intensities for the NHOMO band at «
=0°.The experimental results are plotted by the
open circles. The calculated angular distribution
using B=5"and ®.=90°is shown by the solid line.
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Fig.8 Photon energy dependence of photoelectron
spectra at normal emission for BTQBT thin films.
The binding energy region is 4~7¢eV.
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Fig.9 The experimental dispersion (filled circles) for
the HOMO band in the extended zone scheme
and the best fit curve (solid line) in the tight-
binding model, where the inner potential is Vo=
—12.5eV.
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Fig.10 Intermolecular energy-band dispersion for
BTQBT thin films in the reduced zone scheme,
where a, is 3.4 A. The solid line represents the
best fit curve given in Fig. 9.
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