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Depending on the number of dimethylsiloxane units in the
spacer connecting two banana-shaped molecules either
ferroelectric or antiferroelectric switchable polar smectic C
phases have been obtained.

Liquid crystalline molecules with a bent molecular shape, so-
called banana-shaped LC, have attracted much attention since
Niori et al. found that such materials organise into new liquid
crystalline phases with polar order and chiral superstructures,
despite of the fact that the molecules themselves are configura-
tionally achiral.1 Since then numerous bent-core liquid crystals
have been synthesised and investigated and a variety of new
liquid crystalline phases have been discovered for these
compounds.2 We have recently started a project with the
intention to use micro-segregation3 to modify the phase
structure of bent-core molecules. Therefore we have syn-
thesised molecules with oligosiloxane segments. These mole-
cules turned out to have a ferroelectric switching behaviour in
contrast to the antiferroelectric switching which is usually found
for the smectic phases of related molecules with simple alkyl
chains.4 This leads to the idea that decoupling of the layers by
the fluid microsegregated oligosiloxane units disfavours an
antiferroelectric organisation of the bent core molecules
(SmCPA). Hence, it seems that the antiferroelectric order is not
preliminary caused by compensation of the layer polarisation,
rather than by the possibility of interlayer fluctuations of the
molecules (as indicated by the dotted arrows in Fig. 1). If these
fluctuations are suppressed or become otherwise less important,

then the molecules seem to favour an anticlinic, i.e. ferroelectric
interlayer correlation (SmCPF).

It is known from conventional calamitic LC molecules that
the interlayer correlation can be engineered by covalently fixing
two molecules at their terminal ends, leading to dimesogens.5,6

In this case the shape of the connecting unit determines the
arrangement of the molecules in adjacent layers. Linear spacers
prefer a synclinic interlayer correlation, favouring conventional
SmC phases whereas bent spacers usually lead to an anticlinic
organisation (SmCA). In the case of chiral molecules this gives
rise to ferroelectric and antiferroelectric properties, respec-
tively.6

Herein we report the first liquid crystalline dimers consisting
of two bent-core mesogenic units (see Fig. 2). These were
synthesised by hydrosilylation of terminally unsaturated bent-
core mesogens with hexamethyltrisioxane or octamethylte-
trasiloxane using Karstedt’s catalyst.7† The obtained com-
pounds were investigated by polarised light optical microscopy,
X-ray scattering and electrooptical investigations. Both com-
pounds form liquid crystalline phases in rather broad tem-
perature regions, which can easily be supercooled, and only
partly crystallise even after prolonged storage.

The X-ray diffraction pattern of both liquid crystalline phases
are very similar. In the wide angle region there is a diffuse
scattering and in the small angle regions sharp layer reflections
up to the third order can be found. This indicates well defined
layer structures for the mesophases of both compounds, i.e. both
have smectic phases without in-plane order. The length of the
molecules is significantly larger than the layer distances (1; L =
11.7 nm, d = 4.1 nm; 2: L = 12.0 nm, d = 4.15 nm). This
indicates an interdigitated structure in which the layer period is
determined by the length of the mesogenic groups and the
thickness of the oligosiloxane sublayer. Additionally, the quite
small layer distances indicate that in the mesophases of both
compounds the mesogenic units should be tilted.

However, the textures of the mesophases observed for the
two compounds under the polarising microscope are completely
different. Compound 1 appears optically isotropic between
crossed polarisers, but by rotating the polariser, regions of

Fig. 1 Organisation of bent core molecules in the polar smectic phases, the
molecules are additionally tilted with respect to the projection plane.

Fig. 2 Structures and transition temperatures (T/°C) of the investigated compounds; values in parentheses refer to the transition enthalpies (DH/kJ mol21;
DSC; first heating scan; 10 K min21); abbreviations: Cr = crystalline solid, Iso = isotropic liquid state, SmCPF*, SmCPA = polar ordered liquid crystalline
phases with layer structure, without in-plane order and with a tilted arrangement of the molecules in the layers, which are ferroelectrical (F), respectively
antiferroelectrical (A) switchable; * refers to the chiral superstructure in the ground state whereas the molecules themselves have an achiral
configuration.
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different brightness can be observed. Rotating the polariser in
the other direction reverses the brightness of the domains (Fig.
3a,b). This is a clear indication of a chiral superstructure. The
domains of different handedness occupy approximately the
same area, but upon addition of a small amounts of a chiral
dopant (ca. 5 mol%) one of the homogenous chiral domains
becomes dominant (ca. 80% of the area). These textural features
are completely identical with those of the siloxane substituted
monomeric compounds.4 Compound 2 exhibits a different
texture. On fast cooling (3 K min21) the texture is similar to that
of 1, but no chiral domains can be detected. On very slow
cooling (0.1 K min21), however, a schlieren texture and highly
birefringent domains of a strongly disturbed focal conic texture
can reproducibly be found (Fig. 3c). This texture is very typical
for ferroelectric switchable SmCPA phases.

Also the switching behaviour which was measured using the
triangular wave method is different for the two compounds.
Compound 1 with an odd number of siloxane units shows only
one peak in the switching current response, which is a strong
indication of ferroelectric switching (Fig. 4a). The spontaneous
polarisation is calculated as PS = 1600 nC cm22. Also optical
investigation of the switching process reveals a bistable
switching. Compound 2 with an even number of siloxane units
shows two repolarisation peaks (Fig. 4b) and the switching
process is clearly tristable, indicating an antiferroelectric
switching (PS = 900 nC cm22).

Hence there is a strong influence of the parity of the number
of siloxane units on the mesophase type. The organisation is
ferroelectric for compound 1 with an odd number of dimethylsi-
loxane units and antiferroelectric for compound 2 with an even
number. This effect is due to the special helical conformation of
the oligo(dimethylsiloxane) chains. For even numbers of
dimethylsiloxane (SiO) units this gives rise to a nearly linear
shape, whereas an odd number yields a bent shape.6 Therefore
even numbered SiO units stabilise a synclinic correlation
between adjacent layers whereas odd numbered SiO spacers

stabilise the anticlinic interlayer correlation (see Fig. 5). Hence,
the antiferroelectric structure is preferred by the even numbered
spacer unit whereas the ferroelectric state is favoured by the odd
numbered SiO unit. This effect of the parity is completely the
reverse to that found for chiral dimesogens with linear rod-like
mesogenic units, where ferroelectric properties were found for
compounds with an even number of SiO units and antiferro-
electric properties for those with an odd number.6

In summary, we have reported the first dimesogens in which
two banana-shaped molecules are connected by a flexible
spacer unit.8 The oligosiloxane units which represent the central
part of the spacers have two important effects on the
organisation of bent core molecules. At first they segregate into
separate sublayers which decouple the layers.4 This leads to an
inherent preference of an anticlinic correlation between ad-
jacent layers, giving rise to ferroelectricity. Secondly, in the
reported dimesogens the bent shaped mesogenic units are
coupled to each other and therefore the geometry of the
connecting unit—which changes with the parity of the SiO
units—has an additional effect. Odd numbered SiO units which
prefer a bent shape are compatible with the anticlinic correlation
(ferroelectric order), whereas linear even numbered spacers
disturb the anticlinic interlayer correlation and hence lead to
antiferroelectricity.

The authors are grateful to the Deutsche Forschungsge-
meinschaft and the European Commission (RTN LCDD) for
financial support.

Notes and references
† Expected C, H analyses and 1H-NMR spectra were obtained, e.g.
compound 2: 1H NMR (400 MHz; CDCl3): 0.03 (s, 12H, Si-CH3), 0.05 (s,
12H, Si-CH3), 0.52 (t, J 7.6, 4H, Si-CH2), 0.87 (t, J 6.6, 6H, CH3), 1.26–1.30
(m, 60H, CH2), 1.42–1.48 (m, 8H, CH2), 1.82–1.79 (m, 8H, CH2),
4.01–4.06 (m, 8H, OCH2), 6.95 (d, J 8.8, 4H, Ar–H), 6.97 (d, J 8.9, 4H, Ar–
H), 7.19–7.22 (m, 2H, Ar–H), 7.27 (d, J 8.8, 4H, Ar–H), 7.36 (d, J 8.8, 4H,
Ar–H), 7.43 (m, 2H, Ar–H), 7.49 (d, J 5.0, 4H, Ar–H), 7.63 (d, J 8.8, 4H,
Ar–H), 8.14 (d, J 9.0, 8H, Ar–H), 8.29 (d, J 9.0, 4H, Ar–H).
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Fig. 3 Textures of the mesophases at T = 125 °C; (a,b) compound 1 as seen
between slightly decrossed polarisers turned in different directions (images
are strongly overexposed); (c) compound 2 between crossed polarisers after
slow cooling from the isotropic liquid phase.

Fig. 4 Switching current response on applying a triangular wave voltage
(ITO coated cells, EHC, Japan) at a frequency of 8 Hz: (a) compound 1 at
102 °C in a 5 mm cell (SmCPF); (b) compound 2 at 124 °C in a 6 mm
polyimide-coated cell (SmCPA).

Fig. 5 The distinct influence of the spacer parity on the mesophase structure
in dimesogens built up by bent core mesogens and linear rod-like
mesogens.

2769CHEM. COMMUN. , 2002, 2768–2769


