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Structure and Phase Behavior of a 2:1 Complex
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Conjugated molecular materials are important!!! owing to
their role in organic devices such as organic light-emitting
diodes (OLEDs) and thin-film transistors (TFTs).! The
performance of such devices depends not only on the
intramolecular properties, but also on intermolecular inter-
actions,’! both of which can be modified by introduction of
fluorine substituents.! Fluorinated oligomers have been
utilized as electron-transporting layers in OLEDs."! Recently,
an oligothiophene with terminal perfluorophenyl groups was
used in an n-type TFT and shown to exhibit a high mobility,
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stacking interactions.®! The arene—perfluoroarene interaction
itself has been known for over 40 years,m and has been shown
to occur in numerous 1:1 complexes of arenes and fluoroar-
enes, including those of dissimilar shape,®! as well as in
partially fluorinated conjugated molecules,”’) in which it has
been used to effect topological polymerizations.!'”

Phenylene—cthynylenes such as 1,4-bis(phenylethynyl)-
benzene (HHH) have attracted attention, particularly with
regard to their photophysical behavior.!"'!! We have reported
the crystal structure of a 1:1 complex of 1,4-bis(phenylethy-
nyl)tetrafluorobenzene (HFH) and 1,4-bis(pentafluorophe-
nylethynyl)benzene (FHF), which exhibits nematic liquid-
crystalline (LC) phase behavior that is not present in either of
the pure components.!'”) Herein we report the structure and
preliminary LC phase behavior of a novel™ 2:1 arene—per-
fluoroarene complex formed between HHH and its perfluori-
nated analogue FFF.

Both components were synthesized by Sonogashira cross-
coupling methodology."! Crystals of the 2:1 complex
(2HHH) FFF were obtained reproducibly from an equimolar
mixture of HHH and FFF in toluene, whereby residual FFF
crystallized separately. The single-crystal structures of the
complex and of the two pure components were determined
from X-ray diffraction data.['>1®!

The complex (2HHH)FFF crystallizes in space group
Fddd. The molecules pack in infinite stacks, in contrast to the
respective herringbone and nonstacked layer arrangements
found in crystals of pure HHH and FFF. In the complex, the
molecules of FFF lie on crystallographic twofold rotation axes
which pass through opposite C—C bonds of its central ring and
are symmetrically sandwiched by two molecules of HHH
(Figure 1). The molecules are essentially planar; the dihedral
angles between the outer and central rings are 3.7 and 2.3° for
HHH, and 2.0° for FFF, as opposed to 3.1 and 1.1° for pure
HHH and FFF, respectively.

Figure 1. One HHH-FFF-HHH sandwich, which corresponds to twice
the asymmetric unit of the crystal structure of (2HHH) FFF showing
the overlap of the three molecules; filled bonds = FFF, hollow
bonds =HHH.

The approximately parallel stacking of the molecules is
not restricted to the (2HHH)FFF unit, but is propagated
infinitely throughout the crystal structure; adjacent molecules
of HHH are separated by 3.553 A. Within each stack,
adjacent molecules are approximately parallel, offset laterally
from each other, and approximately equidistant; the mean
stacking separation is 3.571 A, typical of arene—perfluoroar-
ene complexes. The stacks of molecules lie along directions
parallel to the two bc diagonals of the orthorhombic unit cell,
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almost but not quite orthogonal to one another (angle of
82.7°); the two types of stacks form layers in the bc plane,
alternating with a displacement of a/4 relative to each other
(Figure 2).

Figure 2. Packing of the triple units in the crystal structure of
(2 HHH) FFF.

The principal interactions between stacks of molecules are
of two types. Between stacks in a given layer, the closest
contacts are F--F interactions between the fluorine atoms at
the ends of the two molecules. The F---F separation of 2.528 A
compares to a sum of van der Waals (vdW) radii of 2.90 A.l'")
Between stacks in adjacent layers, there are several H--F
contacts, the shortest of which are 2.515 and 2.659 A (sum of
vdW radii =2.55 A)."¥l The near-perpendicular arrangement
of stacks is proposed to arise from the unequal (2:1) ratio of H
and F substituents in the stacks, which, in contrast to 1:1
complexes with parallel stacks, such as HFHFHF,'” pre-
cludes the establishment of a perfectly complementary net-
work of stabilizing edge-to-edge H-F interactions.!"”!

Differential scanning calorimetry (DSC) and transmitted
polarized optical microscopy were used to probe the meso-
morphism of the 2:1 HHH:FFF system, which proved to be
very complex. Thus, when a 2:1 mixture of HHH and FFF is
cooled from the isotropic phase, surprisingly it appears to
exhibit two different sequences of phase changes, with
apparently no preference for either, over several samples
and runs. In one pathway, the melt cools via a mesophase
(ordered smectic phase S1) to a solid (X1) which, on
reheating, exhibits similar thermal transitions to solution-
grown cocrystals. However, in other runs, cooling leads to
what appears to be a different mesophase (S2, also an ordered
smectic mesophase, as judged by an optical texture different
from that of S1), and then to a solid (X2), which does not have
the same morphology as X1. On reheating, X2 does not
behave like the solution-grown solid; instead, it first recrys-
tallizes to a solid phase resembling X1. The DSC thermo-
grams show subtle differences in the two cooling/heating
cycles, although they also contain events which may be those
of the individual components.

Solids X1 and X2 appear to be related paramorphotically
to S1 and S2, respectively, and must therefore be linked to the
smectic phase through particular kinetic pathways. That two
different cooling pathways are found on exiting the isotropic
state is highly curious, and consequently a more detailed
account of the liquid-crystalline behavior of the FFFHHH
system will be the subject of a future report, as will detailed
computer-modeling studies on this system.
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The 2:1 complex formed between 1,4-bis(phenylethynyl)-
benzene and its perfluorinated analogue is unique in that it
represents the first example of a non-1:1, hydrocarbon-
perfluorocarbon:arene—perfluoroarene complex. The inter-
stack geometry is also unusual and probably results from the
lack of opportunity to maximize the stabilizing H---F edge-to-
edge interactions which are generally observed in comple-
mentary 1:1 complexes. The complex phase behavior of this
system suggests that alternative arrangements are close in
energy.
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