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Hexagonal Order in Some Mesophases of Hexacyclen Derivatives
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High-resolution X-ray diffraction measurements on the hexacyclen derivatives 1a—¢ have provided the first direct
experimental evidence of hexagonal order in a hexacyclen mesophase.

The liquid-crystalline structure of hexacyclen derivatives has
been previously studied by X-ray diffraction (XRD) using low
resolution techniques.!-2 On the basis of these measurements,
as well as optical microscopy, the structure of 1a (Scheme 1) in
its liquid-crystalline phase was suggested to be hexagonal-
tubular.! However, higher-order characteristic hexagonal
peaks have never been observed in any hexacyclen derivative,
even in high resolution powder XRD experiments.3 More-

over, computer simulations? revealed that the cores of the
molecules tend to collapse and that they prefer to take on a
rod-like conformation when in the gas phase. These results
suggested a lamellar smectic phase, although a hexagonal
columnar structure could not be ruled out.> We now have
conclusive evidence of hexagonal columnar order in two new
hexacyclen derivatives.

We have performed high resolution powder XRD on two
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new compounds: 1b and ¢ (Scheme 1), obtained by acylation
of commercially available hexacyclen (Fluka) with the corre-
sponding cinnamic acid chlorides,? as described for 1a.!-2
NMR, IR and elemental analysis data were in agreement with
the assigned structures.* The X-ray experiments were per-
formed at the National Synchrotron Light Source beamline
X9A using a sagitally focusing double silicon crystal mono-
chromator and a flat germanium analyser to achieve a
resolution of 0.0009 A-1. The samples were loaded into 0.8
mm capillary tubes that were placed into an oven with better
than 0.4 °C temperature control. The samples were rotated at
140 rpm to ensure a good powder average. The samples were
heated from room temperature directly to the mesophase and
were moved every few hours to minimize the effects of
radiation damage.

Results of molecular mechanics calculations on isolated
molecules proved inconclusive. Three conformations of each
molecule (1a—c) were modelled using the mechanics package
POLYGRAF: one in which the tails are oriented radially, a
second in which the tails pair together affording approximate
threefold symmetry, and a third in which the tails group
together in two arrays of three so that the resulting shape is
approximately linear. These conformations were then subject
to energy minimization using the conjugate gradient method
in the Dreiding force field.5 It was found that for 1b and ¢, the
linear and threefold symmetric conformations had similar
energies, unlike the previously studied? 1a which exhibited a
preference for a linear conformation. This might indicate that
1b and ¢ would be more likely to form a hexagonal phase than
1a.

The powder X-ray diffractograms are presented in Fig.1. To
ensure consistency, we repeated the measurements made on
1a3 with this experimental setup. As can be seen from Fig.
1(a), for 1a only the (100) diffraction peak at 0.1883 A-! can
be seen. Neither the (200) nor the (110) can be distinguished.
The existence of the latter (i.e. a V 3:1 ratio of the peak
positions) is crucial for the identification of hexagonal order.

Fig. 1(b) shows the diffractogram for ib. A strong (100)
peak is clearlv evident at 0.190 A-1; a weaker (110) peak at

T Cinnamic acids were synthesized either by bromination of 4-dodecyl-
oxybenzaldehyde and bromine in glacial acetic acid, or by chlorination
of 4-dodecycloxybenzaldehyde in freshly distilled sulfurylchloride.
4-Dodecyloxybenzaldehyde was obtained by etherification of
4-hydroxybenzaldehyde with dodecylbromide in acetone in the
presence of powdered potassium carbonate. The acids were then
converted to the acid chlorides by means of oxalylchloride in dry
benzene. A detailed description will be given elsewhere.
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Fig. 1 High resolution X-ray diffractograms for 1a, b and ¢. We
employ the convention g = 2n/d = (4n/A) sinB. The point spacing is
0.00005 A-1 and each point was counted for approximately 24 s. The
asymmetric line shape visible in the (100) peaks is due to the focusing
geometry of the diffractometer. The (110) peak in 1b and the (110)
and (200) peaks in 1c are clearly visible.

0.328 A-! is also visible, demonstrating the existence of
hexagonal order. Even clearer results can be seen for 1cin Fig.
1(c): strong (100), (110) and (200) peaks, at 0.178 A~1,0.3085
A-1, and 0.3575 A-1, respectively, are present.

These measurements demonstrate that 1b and ¢ form
hexagonal columnar mesophases. This is the first conclusive
experimental evidence of hexagonal columnar order in any
hexacyclen mesophase. In our view, it is still an open question
whether 1a and other hexacyclen derivatives2:¢ necessarily
form columnar mesophases. It is possible that all such
compounds form columnar mesophases, and that the differ-
ences in higher order XRD peak intensities represent quanti-
tative differences in the extent of column undulation or
intramolecular vibration.!-? Alternatively, as seen in phas-
midic? compounds, small differences in molecular structure
may result in qualitative changes in mesophase symmetry,
from hexagonal to lamellar.

We thank G. Rosenbaum and M. Sullivan for their expert
assistance. This work was supported by the National Science
Foundation, through Grants DMR 89-01219 and DMR
88-19885. Portions of this research were carried out on NSLS
Beamline X9-A, supported by NIH-RR01633. Brookhaven
National Laboratory is supported by the US Department of
Energy.

Received, 14th August 1991; Com. 1/04265C

References

1 J. M. Lehn, J. Malthete and A. M. Levelut, J. Chem. Soc., Chem.
Commun., 1985, 1794.

2 C. Mertesdorf and H. Ringsdorf, Lig. Cryst., 1989, 5, 1757.

3 S. H. J. Idziak, N. C. Maliszewskyj, P. A. Heiney, J. P. McCauley,
Jr.,P. A. Sprengler and A. B. Smith, III, J. Am. Chem. Soc., 1991,
113, 7666.

4 C. Mertesdorf, PhD Thesis, Mainz, 1991.

5 S. L. Mayo, B. D. Olafson and W. A. Goddard, III, /. Phys.
Chem., 1990, 94, 8897.

6 G. Latterman, Mol. Cryst. Lig. Cryst., 1990, 182B, 299.

7 Y. Hendrikx and A. M. Levelut, Mol. Cryst. Lig. Cryst., 1988, 165,
233.





