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The crystal structure of a thiophene/phenylene co-oligomer
of 2,5-bis(4’-methoxybiphenyl-4-yl)thiophene has been investi-
gated. The crystals are orthorhombic with space group Cmc2;.
The crystal structure is characterized by that the molecular long
axis is rigorously perpendicular to the bottom crystal plane (the
bc-plane).

A large number of molecular semiconductors have been
proposed and synthesized during the past decades. Of these, a
variety of oligophenylenes and oligothiophenes are potentially
useful as functional materials that can be applied to opto-
electronic devices such as thin-film transistors (TFTs) and
light-emitting diodes.'”> More recently a particular class of
materials including both thiophenes and phenylenes as building
blocks are developed and known as thiophene/phenylene co-
oligomers (TPCOs).* These crystals show high carrier mobility®
and peculiar emission properties such as the laser oscillation®’
and amplified spontaneous emission (ASE).®

The TPCOs are characterized by the following aspects in
light of the molecular and crystal design: (i) Various molecular
shapes bent, zigzag, pseudo-straight, etc. are readily accessible
by appropriately arranging the pentagonal thiophenes and
hexagonal phenylenes in the molecule. (ii) Such nonstraight
molecules produce a unique crystallographic structure where a
tilt of the molecular long axis is very small against the bottom
crystal plane (the ab-plane in most cases). For instance, the
tilt angle between the molecular long axis and the normal of
the ab-plane is no larger than ca. 2.6° for the oligothiophenes
(up to tetramer) with biphenylyl wings on either molecular ter-
minals.® This is in sharp contrast with crystals of (pseudo)-
straight molecules such as oligophenylenes and oligothiophenes;
the corresponding tilt angles are around 20° for them.!® How
small we can make the tilt angle will be a central question
when we apply the functional materials to the devices. The
reasons are as follows: Since the charge transport predominates
through the face-to-face packed molecular array, the most favor-
able performance is expected regarding the thin-film devices
laterally designed when the above tilt angle is 0°.! The tilt angle
of 0° causes the transition dipoles to stand perpendicular to the
bottom crystal plane. This configuration produces a large optical
gain along that plane.”

From the point of view of crystallographic symmetry,
however, the crystals of TPCOs investigated so far belong to vir-
tually the same monoclinic space group of P2;/c (or P2,/n).
Because of this symmetry the tilt angle of the molecular long

axis mentioned above usually differs from 0°. In the present
studies, we have investigated the crystal structure of 2,5-
bis(4’-methoxybiphenyl-4-yl)thiophene (BP1T-OMe);!! see
the structural formula in Figure la. The compound is one of
the oligothiophene analogues with biphenylyl wings on either
molecular terminal, but that substituted with methoxy groups
at the para-positions of the terminal phenyls. We define in
Figure la the molecular long axis as the line connecting the
two oxygens. The crystals are orthorhombic with space group
Cmc2,. In the crystals the molecular long axis is perpendicular
to the bottom crystal plane (the bc-plane); the tilt angle of the
molecular long axis is rigorously 0°. We report here an unusual
feature of this crystal structure.!>!3

Figure 1b depicts the ORTEP diagram of BP1T-OMe that
represents the actual molecular structure. Molecules are bent
and twisted relative to the planar thiophene ring so that the
molecules can hold the mirror symmetry with respect to the
plane vertically intersecting the thiophene ring. The deviation
from the symmetry of C,,, however, is relatively small. The di-
hedral angle between the two least-squares planes of thiophene
and the adjacent phenylene is 9.3°. That between the two phenyl-
enes within the same biphenylyl is 4.3°.

The mirror planes are identical to the (100)- and (200)-
planes as represented with the arrows in Figure 2. In virtue of
this mirror symmetry the molecular long axis stands rigorously
upright against the bc-plane. This is the most outstanding feature
of the present crystals. Notice that this is not a consequence of
the orthorhombic crystals alone. The condition of the upright

Figure 1. (a) Structural formula and (b) ORTEP diagram of
BP1T-OMe. Numerals denote dihedral angles (see text).
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Figure 2. Molecular packing in the crystal. Two distinct pack-
ing schemes viewed along the a-axis are depicted as (a) and (b).
Arrows denote mirror planes.

molecular axis is more severe. The upright configuration of the
molecules is indeed a consequence of the presence of the mirror
symmetry in combination with the orthorhombic crystals. The
methoxy groups are likely to play a role in stabilizing the ortho-
rhombic form of the crystals.!% It is worthy of note that the
BP1T-OMe crystals lack the center of symmetry, seeing that
many of organic crystals possess it.”10

The crystals are characterized by the presence of the molec-
ular layered structure in which the molecules form the well-
known herringbone structure laterally spreading along the bc-
plane. We have estimated the herringbone angles between the
nearest-neighbor thiophenes at 47.4°, being related to those of
other crystals with the related herringbone structure.'® This
structural feature is also advantageous to the device applications
of the molecular semiconductors.'” Two distinct molecular
packing schemes are observed, even though in both the cases
the molecules nestle close to each other. One is the upper (or
equivalently bottom) pair in Figure 2 [see also inset (a)]. Another
is the central pair [inset (b)]. This difference is recognized in that
the methyl groups are turned aside (the former case) or turned in
(the latter case). The corresponding separation between the two
methyl-carbons (oxygen) in the nearest-neighbor molecules is
either 5.755(2) [4.592(2)] A or 3.846(2) [4.884(2)] A.

In summary we have demonstrated the crystallographic
features of BP1T-OMe as an illustration among the newly oc-
curring class of molecular semiconductors of TPCOs that may
be promising in optoelectronic device applications. The material
BP1T-OMe is expected to supply us with a good opportunity to
survey the structure/property relationship. It will therefore be of
high interest and importance to determine the crystal structure of
related co-oligomers.
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