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Supramolecular chemistry aims to develop highly complex
chemical systems from simple components interacting via non-
covalent intermolecular forcésA prime objective is to understand
the fundamental mechanism involved in this process, namely the
transfer of information, imprinted in the molecular structure, to a
well-defined supramolecular assemBRAiquid crystalline phases
are self-organized structures, formed spontaneously under thermo-
dynamic control and therefore can be used as model systems for
these investigations. Layerlike structures (smectic phases) andFigure 1. Square columnar mesophase formed by the triblock molecules
regular arrangements of columns (columnar phases) are two 1 (the nonafluoroheptyl chain can be positioned in ortho or meta posftion).
important basic organizational modes of such materials. Columnar
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liguid crystalline phasésare formed, for example, by surfactant H21C100 O O Q OC1oHz4
solvent systems, amphiphilic or dendritic molecules, block copoly- o
mers, and disklike molecules. Until recently, molecules mainly <‘

0

composed of only two different incompatible subunits have been _
investigated. In such systems the columns are formed by one of 2a-c 0 O/\n/N ~
the incompatible molecular moieties, and these columns adopt a m O OH OH

regular 2D packing within the continuum of the second component. . - i . .
In these rather simple systems the hexagonal 2D lattice is the mostollgo(oxyethylene) unit with a terminal carbohydrate unit, providing

L . ) strong attractive intermolecular interactions via hydrogen bonding.
favored organization, but rectangular and oblique lattices have alSOThe self-oraanization of these novel compounds was studied b
been found, which can be regarded as slightly deformed variants 9 P y

of the hexagonal 2D organization. Square lattices 4@olon the polarized light microscopy, differential scanning calorimetry, and
other hand, are rare in these systéms X-ray diffraction. The transition temperatures and lattice parameter

. . of the mesophases are collated in Table 1.
Recently, a rather complex mesophase with a square lattice was . -
All three compounds2a—c have a broad region of a liquid

b RN
reported for compounds® composed of a rodiike rigid biphenyl crystalline phase. On cooling from the isotropic liquid state these

core, two polar hydrogen bonding groups at the termini, and a . o .
; . . . mesophases grow with spherulitic textures or as filament textures
semiperfluoroalkyl chain as a lateral substituerts shown in . - ) ) ; :
with black optically isotropic areas (see Figure 2a). The optically

Figure 1, in this square columnar liquid crystalline phase, space is isotropic areas indicate that these mesophases are optically uniaxial
subdivided into three sets of distinct subspaces. The nonpolar latera P! ~as Indl . P . pucally uniaxial.
he diffraction pattern obtained from a well aligned sample of the

chains organize into infinite columns, and the bolaamphiphilic units . - .
mesophase of compoud is shown in Figure 2b. It is character-
form networks of square-shaped shells around these columns. The

polar groups at the ends of the biphenyl cores segregate into separat}eZ ed. by a nearly circular dn‘fuse w@e-angle ;cgttenng W'.th a
columns, which lie parallel to the nonpolar columns. The hydrogen- maximum aFD = 0.48 nm which confirms th? liquid crystalline
bonding networks within these polar columns provide the necessarynature_ of this _phase. In_ the small-angle region there are several
cohesive forces which interconnect the biphenyl cores end-t&fend. reflections Wh'(.:h were |ndexeq onsguarelattice, plane group
Herein we report a new complex liquid crystalline phase with a p4mm The_lattlce pa_rameter 8squ = 4.0 nm. The number of
square lattice in which the positions of the polar and nonpolar molecules n the unit cell, assuming a thickness of 0.48 nm
columns are reversed, i.e. in which the polar column is located (corresponding 1), was calculated as = 5.8 on average.

O - . - . These findings can be explained by the model shown in Figure
inside the square and the lipophilic columns containing alkyl chains 3. Accordinalv. the calamitic cores form walls bounding square-
are at the corners interconnecting the aromatic rods end-to-end.”’ ngw. > w unaing squ

This structure was realized with compoungia—c in which a shaped channels occupied by the microsegregated polar lateral

rodlike p-terphenyl unit is connected with two lipophilic decyloxy chalns._ The thickness of the partitioning .Walm’&ﬁ') amounts to. .

} . .. _approximately three terphenyl cores. This proposed model is in
end chains and a large polar group is attached to a lateral posmoncom lete agreement with the reconstructed electron density ma
at thep-terphenyl core. This polar group consists of a rather flexible piete ag . . Yy map

shown in Figure 4, which was obtained from the small-angle
! Institute of Organic Chemistry, Martin-Luther-University Halle-Wittenberg. diffraction intensities, measured from the high-resolution powder
Institute of Physical Chemistry, Martin-Luther-University Halle-Wittenberg. pattern (synchrotron source). The intensities and a description of

§ Department of Engineering Materials and Centre for Molecular Materials, . . i .
University of Sheffield. the electron density reconstruction procedure are given in the Sl.
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Table 1. Properties of Compounds 2a—ca?

cmpd m T/°C (AH/KJI mol—Y) age/nm Neel Nuall

2a 1 Cre 88 Colsque 1460 IO 3.9(13¢C) 5.7 29
(1.0¥ (3.8)

2b 2 Cre —6e Colsque 141elso 4.0 (125°C) 5.8 2.9
(2.1y (4.5)

2c 4 Cre —7eColsque 117eIso 4.2 (70°C) 59 29
(2.3 (4.0

aPhase transition temperature§ @nd corresponding enthalpy values
(AH) were determined by DSC (second heating scan,°@Omin—1);
abbreviations: C#= crystalline solid, Cal,= square columnar mesophase
Iso = isotropic liquid; lattice parametersag,) were obtained from the
Guinier pattern;nces = number of molecules per unit cell as calculated
from the unit cell volume (assumirig= 0.48 nm) and the molecular volume
(estimated from the crystal volume incremeépts,ar = number of terphenyl
cores arranged in the cross section of the cylinder wall separating adjacent
polar columns? The synthesis and the analytical data are described in the
Supporting Information¢ Only partial crystallization was observed.

Figure 4. Electron density map (surface and contour plot) of thesol
phase of2b. Four unit cells are shown. Density regions: high (blee)
polar, medium (greeny terphenyl, low (yellow-brown}= aliphatic.

this leads to a reversal of positions of the polar and lipophilic
columns with respect to the terphenyl ribbons. Hence, the strongest
cohesive forces (H-bonds) are now located in the interior of the
square channels delimited by the terphenyl cores, rather than at
the corners, as in the mesophases of compodnds

In summary, the Cg},phase of compoundrepresents a novel
Figure 2. (a) Texture (crossed polarizers) of the mesophaszbatt 138 type of columnar LC phase, which results from the segregation of
°C, the dark areas are homeotropically aligned regions; (b) X-ray diffraction three incompatible molecular moieties into their own subspaces.
pattern of an aligned sample (surface alignment on a glass substrate, X-rayThe results show that it is indeed possible to tailor the precise
beam along the column long axis) Bb at 137°C. mesophase morphology of low-molecular mass multiblock mol-
ecules by directed molecular design.
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