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Supermolecular liquid crystal dendrimers based on the
octasilsesquioxane core
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Liquid crystalline dendrimers are proving to be a fascinating class of materials that possess
unusual physical properties. The self-assembling process involved in the formation of the
mesomorphic state apparently deforms the spherical disposition of the supermolecular
dendrimers to give rod-like entities that pack together to yield disordered Smectic A and
smectic C mesophases.

Investigations into branched and hyperbranched super- cyanobiphenyl moieties were attached to the octasilsesqui-
molecular systems, such as star-shaped dendrimers, have oxane core by way of ¯ exible aliphatic chains [4] , see
led to the establishment of a new ® eld of materials research ® gure 1. It was found that the resulting supermolecular
[1, 2] . The stepwise synthesis of new supermolecular materials, where the ¯ exible aliphatic spacer chain was
systems generally results in the creation of monodisperse varied in length, exhibited lamellar smectic A phases.
materials that have beautifully symmetrical molecular This result indicated that the mesogenic units must
structures. The process of growing hyperbranched associate with one another, thereby changing the globular
systems by increasing the number of generations of the shape of the molecular structure into a rod-like form.
sub-molecular building blocks typically leads to super- X-ray di� raction studies showed that the rod-like super-
molecular systems that have complex molecular structures, molecules packed in disordered layers. Thus, it appeared
higher levels of symmetry, andunusual physico± chemical that the ¯ uid-like liquid crystal environment was a� ecting
properties. However, the supermolecular architecture the topology of the supermolecules. Molecular simu-
changes as the density of the sub-molecular building lations suggested that the density of the mesogenic units
blocks in each generation is increased, and as the density was such that they could pack in groups of four on
rises so the molecular shape tends towards becoming either side of the octasilsesquioxane core thereby giving
globular or spherical. As a consequence, it is intriguing a cylindrical molecular shape. Thus this particular
to examine how the molecular geometry of a super- molecular architecture could be thought of as giving a
molecular system is altered, constrained and deformed closely packed, high density system.
by being placed in an alien environment where the In this present study the number of mesogenic groups
system does not have total dynamical freedom. In this surrounding the octasilsesquioxane core was doubled in
article we investigate the e� ects that a self-organizing number to sixteen, thereby forcing the supermolecular
¯ uid system, such as the environment found in a liquid architecture to be more globular/spherical in shape, see
crystal mesophase, has on the topology and shape of structure 1. By doubling the number of mesogenic groups
a supermolecular material that is disposed to being it was expected that a competition would be created
spherical in the gas phase. between the need for the molecular shape to remain

Octasilsesquioxane provides a useful central core system spherical because of packing constraints and the ability
for such studies because it has potentially eight points of the supermolecular system to be deformed to ® t in
where it can be derivatized with mesogenic moieties, and with its mesomorphic environment. By increasing the
also there is the potential for doubling or tripling the density of mesogenic moieties, we expected to breach
number of mesogenic units [3] . In an earlier study eight the boundary for the transformation from the lamellar

to cubic or columnar phases. Such a result woulddemon-
strate that thermotropic mesophases are a� ected by
molecular curvature in exactly the same way that*Author for correspondence; e-mail: i.m.saez@chem.hull.ac.uk
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Figure 1. Phase transition temper-
atures (ß C) for octasilsesqui-
oxane core with eight attached
cyanobiphenyl moieties.

Structure 1.
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curvature a� ects lyotropic systems. Thus the meso- that the core was completely functionalized, and that
the silsesquioxane cage had remained intact during themorphic properties of the synthesized dendrimer 1 were

investigated, and remarkably the results show that even steps for dendritic growth. MALDI-TOF spectroscopy
gave the correct molecular weight for (M+Ag)+ . GPCfor a more densely packed system the mesomorphic

environment is strong enough to deform the molecular ascertained that the product was monodisperse, but
underestimated the value of its molecular weight duetopology in order to support lamellar mesophases.

The octasilsesquioxane core was synthesized, see to the globular conformation of the molecular structure;
this is usually the case for dendrimers.the scheme, starting from octavinyloctasilsesquioxane 2,

via an alkenylation/hydrosilylation sequence, to a� ord The synthesis of the mesogenic substrate [6] was
achieved by ® rstly hydrosilylating 4¾ -(11-undecenyloxy)-the ® rst generation dendrimer 4, which possesses 16

vinyl groups. Hydrosilylation of 2 with HSiMeCl2 , using 4-cyanobiphenyl, 5, with dimethylchlorosilane to give
compound 6. The co-hydrolysis of 6, with an excess ofKarstedt’s catalyst [5] a� ords 3; compound 3 was

treated, without further puri® cation, with an excess of dimethylchlorosilane in water, using pyridine as a base,
a� orded compound 7 in high yield, as the only cyano-vinyl magnesium bromide to give 4 in 30% isolated

yield. Compound 4 was characterized by conventional biphenyl species; this was easily isolated and puri® ed by
column chromatography. Compound 7 showed expectedspectroscopic methods, elemental analysis and MALDI-

TOF spectrometry. Of particular diagnostic value was features in the 1 H NMR spectrum, notably a septet at
4.65ppm due to the Si± H resonance, and the exclusive2 9Si NMR spectroscopy, which indicated by symmetry

Scheme.
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formation of the b-isomer from the addition of the Si± H biphenyl) -14-octasilsesquioxane = 8163). A similar
bond to the terminal alkene. 2 9Si NMR spectroscopy situation to that described above was observed for
con® rmed the presence of two M-type silicon atoms in the parent dendrimer 4, and we attribute this to the
slightly di� erent environments, at 10.00ppm (O± Si ± CH2 ) non-polar, spherical structure of 1, that does not ® t
and Õ 6.81ppm (O± Si ± H). the universal calibration standards used.

Hydrosilylation of the vinyl groups of the G1-vinyl The melting behaviour of the pure dendrimer 1 was
silsesquioxane dendrimer with a slight excess of 7 investigated by a variety of techniques including thermal
catalysed by P̀t’ was carried out at room temperature. polarized transmitted light microscopy and di� erential
The progress of the reaction was monitored by FTIR scanning calorimetry (DSC). Examination of the defect
and TLC. The reaction proceeded rapidly at room textures of the ® rst generation dendrimer 1 shows that
temperature, but was allowed to run for three days to it exhibits enantiotropic smectic A and smectic C phases,
ensure complete conversion. When the reaction was with the absence of crystallization and the following
judged to be complete, a few crystals of PPh3 were phase sequence; g Õ 17.5 SmC 63.1 SmA 91.7 I (ß C).
added todeactivate the catalyst and to allow a controlled DSC con® rmed the transition temperatures, but broad
termination of the reaction [4] . Dendrimer 1 was peaks for the transition enthalpies were obtained which
isolated by repeated precipitation in methanol, in 54% is consistent with the systembeing microphase separated.
yield. Comparisonwith the linear analogue, which also exhibits

1 H NMR spectroscopy of dendrimer 1 shows all of enantiotropic smectic A and smectic C phases with the
the expected features, with well resolved signals for the following sequence, g Õ 12.8 Cr, 4.66 Cr 39.0 SmC 74.2
cyanobiphenyl moieties indicating full conformational SmA 102.9 I, tentatively suggests that the dendritic
freedom in solution for the sixteen mesogenic fragments. structure has the e� ect of lowering the clearing point,
This result indicates that the mesogenic moieties are in the SmC to SmA transition temperature and the glass
surroundings that are more akin to a monomeric than transition temperature with doubling the number of
a polymeric environment. The Si± CH2 pseudo-triplets mesogens per molecule. This ǹon-conventional’ thermal
are overlapped, as the CH2 groups are placed now behaviour is contrary to that observed for conventional
in very similar environments; this makes it di� cult to liquid crystal polymers.
di� erentiate between the internal (generation 0) and The smectic A and smectic C phases exhibited by
the external (generation 1) Si± CH2 ± CH2 segments of the dendrimer 1 were identi® ed from the defect texturesdendritic arms. However, the presence of a small number formed on cooling from the isotropic liquid. Uponof residual unreacted vinyl sites could be detected, cooling, the smectic A phase separated fromthe isotropicindicating some incomplete conversion. Integration of

liquid in the form of baÃ tonnets that coalesced to give athe signals at ~5.60ppm revealed a coverage of 14 Ô 2
focal-conic defect texture which was characterized bymesogens per molecule.
elliptical and hyperbolic lines of optical discontinuity.1 3C NMR spectroscopy con® rmed the identity of
Accompanying the focal-conic defects was the formationdendrimer 1, showing that the carbon resonances for the
of a homeotropic texture. The exhibition of both of thesedi� erent segments Si± CH2 ± CH2 ± Si of the two generations
textures is diagnostic for the presence of the smectic Awere well de® ned, and that there was a slight shift for
phase [7] . Cooling of the smectic A phase resulted in athe CH3 attached to the branching Si atom from Õ 5.82
second order phase transition to the smectic C phase.in 4 to Õ 6.24ppm in 1. 2 9Si NMR allowed further
The smectic C phase exhibited paramorphotic textureselucidation of the structure, showing a singlet at Õ 66.21
based on those of the smectic A phase. Thus the homeo-(T-type silicon), a singlet for the branching Si atom,
tropic texture became birefringent and exhibited aappropriately shifted from Õ 10.99ppm in 4 to Õ 1.12ppm
schlieren pattern with only s = Ô 1 singularities, whereasin 1, and the siloxy resonances from the mesogenic
the focal-conic texture became broken and patchedsegments at ~8.2± 7.3ppm, with roughly the expected
which is consistent with the mesogenic groups tiltingratio per arm of the silsesquioxane cage of 1 : 1 : 4,
within their layers.respectively.

Interestingly the defect texture of the smectic AIn agreement with the 1 H and 1 3C NMR spectro-
phase formed easily on cooling from the isotropicscopy, GPC showed a peak of low polydispersity
liquid, indicating that the mesophase has a relatively(Mw /Mn = 1.06), with a shoulder at shorter elution time
low viscosity in comparison with linear polymericand a smaller peak at longer elution time, in agreement
systems, which often require annealing for several days.with the presence of smaller sized species. However,
This is a typical result for liquid crystalline dendrimersthe Mw value was grossly underestimated, by a factor of
demonstrating that they have some properties that are1.3± 1.5 (Mw = 6065; expected for G1-(cyanobiphenyl)-

16-octasilsesquioxane= 9127; expected for G1 -(cyano- akin to low molar mass materials.
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Figure 2. Possible molecular topologies enforced by the liquid crystalline environment.

The results of the mesophase characterization imply We gratefully acknowledge the Leverhulme Trust for
® nancial support.that the dendrimer must have a rod-like shape in order

that it can pack in layers. Moreover the molecules within
the layers must be disordered and the layer structure
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