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Recently, a great deal of attention has been paid to the self- Table 1. Phase Trapsition Temperatures (7/°C) and Enthalpy
. . . . . . —1\a
organized states of liquid crystals (LCs), which have wide applica- Values (AH/kJ mol™)

tion in, for example, optoelectronic devices and electron-transporting 0 _N
materialst Especially, several novel and quite interesting types of e N/>_@ OCnHany1
LC layer structures (smectic LCs) with special properties, such as 157 1
optical biaxialit and macroscopic polar ordércaused by a comp. n phase transitions
restncted_ rotation of the molecules within t_he layers hav_e been 1a 8 Cn 110 Cr, -124 Col 129 SmC -132 Iso
reported in recent years. From the standpoint of developing new (10.4) (4.1) (5.5) (3.8)
types of LC materials, we are currently using the troponoid core 1b® 10 Cr -110 Cr, -116 Col -121: SmC -127 Iso
and have often observed that these materials are mesomorphic, (8.0) (8.0) (4.1) (3.2)
whereas the corresponding benzenoids aré Tighically, they form lc 12 Cy 125 Cr, -126 SmC -129 Iso

. - . (6.7) (13.6) (1.5)
smectic phases, as the troponoids have a large dipole moment and
an ionic character, Which reinforce microsegregé&tihen nonpolar aDetermined by DSC (second heating scarfCLmin-1). b Obtained
alkyl or alkoxyl substituents are grafted to the polar seven- from the first cooling scan because the—@ol._ transition is partially
membered ring. overlapped by a CfCr transition in the heating scan.

In this communication, we have focused on the 1,3-diazaazulene
skeleton, which is a candidate for LCs, with an especially large
dipole moment 4 = 4.03 D), located within the heteroaromatic
core structuré:” In this report we will show that some homologues
of 1 have a smectic mesophase with a quite unusual X-ray
diffraction pattern. It is proposed that this new fluid smectic phase
has a structure related to lamellar columnar (Ephases formed
by some disklik&~1° and boardlike moleculés ™3 and a special
type of metallomesogeM.

1,3-Diazaazulene derivativds—c were prepared by condensa-
tion of 5-alkoxycarbonyl-2-methoxytroporiésnd 4-alkoxyphen-
ylamidines as described in the Supporting Information. Investigation ] ) ) ]
of these materials was performed using polarized light optical t© the layer spacing af = 33.7 A. The diffuse scattering (mr_;txw_nu_m
microscopy and differential scanning calorimetry (DSC) and X-ray @t D = 4.5 A) indicates that the alkyl chains have a liquidiike
diffraction analysis of aligned samples as well. The transition disordered structure. The maxima are located out of the equator,
temperatures and enthalpies are summarized in Table 1. Atindicating a tilted structure with a tilt angle of 38
temperatures between 129 and T8 the optical textures ofa The X-ray_dlffractlon_pattern of the Iow—tempergture_ m_esophase
are characterized by regions of schlieren and fecahic fan at 128°C (Figure 2a) is rather complex and quite distinct from
textures, similar to those observed for conventional smectic C that of the SmC phase. Three peaks assigned to the (001), (002),
(SmC) phases (Figure 1a). On cooling from the SmC phase, these@nd (003) reflections of a Ia_yt_er structpre_ were observed at 305
textures change to a mosaic- and a fingerprint-ike texture, 15.2, and 10.0 A on the meridian and indicate a regular repetition
respectively (Figure 1b). Compouridh has similar textures tta, of layers with the periodicityd = 30.5 A. In addition, three
while 1c shows exclusively SmC textures. reflections with maxima correspondingig = 5.4,D, = 4.4, and

The X-ray diffraction pattern of an aligned sample of compound D3 = 3.7 A were detected in the wide-angle region. The diffuse
1la was investigated at 129C in the SmC phase, and a sharp scattering aD, = 4.4 A corresponds to the mean distance between

reflection was observed in the small-angle region, which is related the fluid alkyl chains and has four crescentlike maxima, located
out of the equator, indicating an average tilt angle of about 18
T Institute for Materials Chemistry and Engineering, Kyushu University. — i

* Graduate School of Engineering Sciences, Kyushu University. AnOt_her b_road_halo aD; 37 A ?Iso has fc_)ur crescentlike

$ Department of Material Science, Interdisciplinary Faculty of Science and maxima, in this case corresponding to a tilt angle of°.45
Engineering, Shimane University. e —

'Martin Luther University Halle-Wittenberg, Institute of Physical Chemistry. Additionally, two rather sharp halos Bt = 5.4 A are centered on
UMartin Luther University Halle-Wittenberg, Institute of Organic Chemistry.  the equator.

Figure 1. Textures ofla observed between crossed polarizers (a) SmC
phase at 131.5C and (b) Cal phase at 127C (the same section as shown
in (a)).
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known tilted lamellar phases of calamitic molecules with restricted
rotation around the molecular long axis (K and H mesopHases
which in fact represent disordered crystalline mesophases with a
3D lattice and aredge-to-facerganization of the aromatic cores,
the moleculeda adapt dace-to-faceorganization in the mesophase
reported herein. Furthermore, within the layers, the long-range
positional order occurs only in one of the lateral directions, and a
positional correlation between adjacent layers is missing. Hence,

Figure 2. (a) X-ray diffraction pattern of an aligned samplelafat 128
°C; the alignment was obtained by slow cooling (0.01 K mjrof a droplet
of the sample (diameter ca. 1 mm) on a glass plate. Within the drop a
monodomain is generated by surface interaction which is inclined with

they represent truly LC phases.

By elongation of the terminal alkyl chains the stability of the

Col. phase is at first reduced (compoudd), and finally it is
completely replaced by the SmC phase (compoliig)d It seems
that longer alkyl chains, due to their liquidlike nature, do not only

increase the layer distanad, but can also separate the molecules

respect to the substrate plane; the incident X-ray beam (wavelength of theWithin the layers, leading to the loss of the face-to-face organization
Cu Ka line, 0.154 nm) was parallel to the substrate and the scattered of the rigid aromatic units.
intensity has been recorded using a 2D detector (HI-Star, Siemens, sample  These results show that fine-tuning of the molecular structure

detector distance: 90 mm); due to the experimental setup the scattering in
the lower part is shadowed; (b) packing model for the Gilase.

The presence of diffuse maxima in the wide-angle region
confirms the truly LC nature of this mesophase. The occurrence o
three distinct scattering angles in this region suggests that the
rotation of the molecules around their long axis is greatly restricted.
The scattering corresponding By = 3.7 A has a value which is

of quite simple rodlike molecules can lead to amazingly complex
new mesophase morphologies. Additionally, these LC phases with
face-to-face arrangement of aromatiesystems should provide
f(:harge transport properties. Hence, these materials may be promis-
ing candidates in the field of organic semiconductors, photocon-
ductors, and other applicatiof&!3

Supporting Information Available: Synthesis and analytical data

quite typical for face-to-face distances between flat aromatic of compoundsla—c (PDF). This material is available free of charge
molecules. It is very diffuse, indicating that the electron density via the Internet at http://pubs.acs.org.

modulation has only short-range order. The position of the scattering

out of the equator indicates a4#ited arrangement of these cores.
The diffuse scattering db, = 4.4 A is attributed to the mean
distance between the fluid alkyl chains, which have a smaller
average tilt angle. The scatteringlt = 5.4 A can be related to

the width of the aromatic cores of the molecula (5.4 A as
calculated by MM2). It has a rather small full width at half-
maximum, indicating a rather well-defined lateral distance between
them. These maxima are located on the equator, which indicates
that the lateral direction of the aromatic cores is, in average, parallel
to the layer planes. Hence, a model such as that shown in Figure
2b can be proposed, where the molecules are strongly tilted with
respect to the long axis of the aggregates and the calamitic
molecules have a restricted rotation around their long axis. This
may be due to the flat, nontwisted structure of the aromatic
2-phenyl-1,3-diazaazulene core (MM2 calculations) and to the
dipolar nature of this moiety, both of which contribute to attractive
face-to-face interactions between adjacent molecules to form

columnar aggregates. These columnar aggregates organize side by

side with the formation of layers of the aromatic cores, separated
by layers of fluid alkyl chains.
The reflections with maxima ab; = 5.4 A indicate a well-

defined repeat distance parallel to the layer planes, caused by the
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