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A novel surfactant-encapsulated terbium-substituted hetero-
polyoxotungstate ~ complex  [L1];3[Tb(SiW;1030),]-30H,O
(SEC-1) bearing mesomorphous groups was successfully
prepared by the ionic self-assembling route, exhibiting
characteristic thermotropic liquid-crystalline behavior.

Polyoxometalates (PMs) have received considerable interest in
chemistry and material science because of their potential applica-
tion such as in optical, electric and magnetic fields." Recently, an
important progress of PM chemistry is that PMs are enwrapped
with a water-insoluble shell composed of ionic organic molecules
based on cooperatively electrostatic interactions so that the
surfactant-encapsulated clusters (SECs) can be processed con-
veniently into thin films by spin coating, simple casting, and LB
techniques.” In some cases, the organic surfactant cation not only
plays a structural role but also has a strong effect on the properties
of these hybrids.> Additional properties of the hybrid materials
based on PM are expected to be obtained by the appropriate
choice of organic components.*

Liquid crystals are fascinating organic functional materials
which can automatically self-assemble to various mesophases
through organized packing of organic molecules in a certain
temperature range and provide extra features such as the ability to
respond to external stimuli.* Therefore, a logical problem is how to
incorporate PMs into liquid crystalline (LC) matrices. Such
hybrids combining the characteristics of LC materials with PMs
are expected to bring exciting synergistic properties. For example,
the optical and magnetic properties of PMs can be incorporated
into LCs. Based on the anisotropic and organized nature of LCs,
the properties of PMs can probably be modified and new
functional materials can be constructed.

Motivated by this target, in this communication, we report the
preparation of a surfactant-encapsulated cluster (SEC-1) and its
characteristic thermotropic LC behavior. The azobenzene-contain-
ing surfactant L1,} as shown in Fig. 1, was prepared according
to modified routes of literature.>’ The polyoxometalate
K 3Tb(SiW;1039),:15H,O (PM-1) was synthesized by following
a literature procedure® SEC-1 was obtained according to a
modified method.> PM-1 (0.165 g) was dissolved in aqueous
solution (pH = 5.7) and then 0.283 g of L1 in chloroform was
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added to the solution dropwise. After stirring for 4 h at 40 °C, the
organic phase was separated and evaporated to dryness. The
residue was further dried under vacuum until the weight remained
constant. In contrast to PM-1 which is only soluble in water, the
obtained complex is immiscible in water but readily dissolves in
organic media. This indicates that PM-1 has been successfully
encapsulated. Combining the results of thermogravimetric analysis
(TGA) and elemental analysis, SEC-1 should correspond to the
chemical formula: (L1);5[Tb(SiW{;030),]-30H,0.

Differential scanning calorimetry (DSC) curves (Fig. 2) give
phase transitions of L1 and SEC-1 in their first cooling and the
second heating process. Comparing these curves with those of the
first heating run of both virgin samples L1 and SEC-1 (Fig. S2+),
we know that the primary heating run results in the loss of
crystalline water in SEC-1, which is proved by IR and TGA
measurements. Upon cooling, L1 exhibits three phase transitions
at 147, 114 and 82 °C, respectively. Similar phase behavior is found
in SEC-1, which undergoes three exothermic transitions at 180, 113
and 79 °C, respectively. The broad peak of SEC-1 at 180 °C should
correspond to a slow phase transition from isotropic phase to a LC
phase.

LC behaviors of SEC-1 and L1 are also identified by polarizing
optical microscopy (POM) as shown in Fig. 3. On cooling from
isotropic phase, L1 displays clear birefringence at 130 °C (Fig. 3a),
suggesting a characteristic liquid-crystalline phase. On further
cooling, broken texture is observed at 103 °C (Fig. 3b), suggesting
a highly ordered smectic phase. In the case of SEC-1, clearing of
the LC phase is firstly observed at 160 °C, which displays a fine-
grain texture though it is not a typical one (Fig. 3¢). When the LC
phase is cooled to below 113 °C, a similar but clear mesophase
texture is seen at 103 °C as shown in Fig. 3d, suggesting another
liquid-crystalline phase. To determine the LC effect of L1, SEC-2
was prepared following the same procedure as for SEC-1, using
dioctadecyldimethylammonium (L2) without azobenzene groups
instead of L1. However, LC behavior was not observed in SEC-2
according to the results of DSC and POM. As a consequence, we
can see that the mesomorphous L1 plays an important role for the
formation of LC in SEC-1.

The mesophases and structures of SEC-1 are further investi-
gated by using X-ray diffraction (XRD), seen in Fig. 4. When
SEC-1 is cooled from isotropic liquid to 150 °C, four equidistant
small angle diffractions are observed apparently (Fig. 4a), which
attribute to a typical layered structure (SmX;) and the layer
spacing is calculated to be 6.50 nm. The diffuse peak at 20 ~ 20°
(d = 0.45 nm) indicates a decreasing of the lateral correlation
among neighboring alkyl chains. On further cooling to 103 °C, the
layer spacing increase to 6.80 nm as shown in Fig. 4b, suggesting
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Fig. 1 The schematic chemical structures of L1, PM-1, SEC-1 and proposed layered aggregates of SEC-1.
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Fig. 2 DSC thermograms of SEC-1 and surfactant L1 on the first
cooling and second heating process with a rate of 5 °C min™ " a, LI
(second heating); b, SEC-1 (second heating); ¢, SEC-1 (first cooling); d, L1
(first cooling).

another lamellar mesophase (SmX,). The diffraction pattern at
room temperature (Fig. 4c) gives the layer distance 6.69 nm. XRD
results also confirmed the smectic phases of L1 (Fig. 4 inset).”
Quite strong diffraction intensity and narrow peak at wide angles
imply that L1 exists in a crystalline and a highly ordered state even
in the LC phase after eliminating the heating history. However for
SEC-1 at room temperature, the presence of broad wide-angle
diffraction at 20 ~ 20° (d = 0.43 nm) nm indicates it is not in a
crystalline but in a highly ordered aggregated state or colloid
crystal (CC). The regularity of layer spacing change of SEC-1 is in
agreement with that of L1. In fact, PM-1 consists of two lacunary
Keggin structures of SiW,;050>~ linked by a terbium ion'® and the
long-to-short axis ratio is 2:1; hence, most of the L1 molecules are
proposed to align along its long axis, which is favourable for
ordered and oriented packing in self-assembly lamellar structure
through the hydrophobic interaction between alkyl chains.3*
Considering the radius (0.52 nm) of Keggin-type PMs,'! the short-
axis diameter of PM-1 is about 1 nm. Combing the length of L1
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Fig. 4 Variable-temperature wide-angle X-ray diffraction of SEC-1: (a)
150, (b) 103 and (c) 30 °C. (Inset: temperature-dependence XRD of
surfactant L1.)

(3.45 nm, calculated by MM2 force field method) and the short-
axis diameter of PM-1, the total thickness of a single SEC-1 should
be around 7.9 nm. The ideal molecular length is larger than the
layer distance measured by XRD in mesophase. Herein, we
conclude that in the smectic structures the alkyl chains are
partially interdigitated or tilted. Another possibility is the
conformational disorder of chains. But the present data can not
give further evidence to identify the mesophases more exactly.
Hence, the mesophase sequence of SEC-1 can be summarized as
[-SmX;-SmX,-CC.

It is worth noting that the lamellar LC phase of SEC-1 is
derived from the synergistic effect between PM-1 and L1. The
ellipsoid structure of PM-1 is favorable for the formation of
lamellar structure and the LC behavior of SEC-1 is induced by L1.
Up to date, some organic-inorganic hybrid materials with
liquid-crystalline behavior have been explored.“'>'* Moreover
mesostructured supramolecular assemblies combining giant
mixed-valent polyoxomolybdates and surfactants have also been

Fig. 3 Optical textures of the surfactant L1 and SEC-1: (a) L1 at 130 °C; (b) L1 at 103 °C; (c) SEC-1 at 160 °C; (d) SEC-1 at 103 °C. ( x 400).
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obtained, in which the inorganic clusters were organized into LC-
like alignment with long-range ordered structure.'> The present
paper reports a novel hybrid material based on polyoxometalate,
which displays thermotropic liquid-crystalline behavior. The
strategy is a general and facile method to fabricate PM-based
LC molecular materials by using mesogroup-containing surfactant
to encapsulate PM.
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