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Organic-inorganic hybrid materials have attracted a great deal Chart 1. Structures of Thermotropic LCs for Hybridization with
of interest, especially in the fields of materials science and TiO; Particles?
nanotechnology, because it is not rare to find unexpected super- E
additive properties with such materidl$he present report pertains
to the study of new hybrids of organic liquid crystal (LC) materials C3H7OR
with an amino group and monodispersed anisotropic nanoparticles
of anatase Ti@ LCs are anisotropic organic materials having an F F
enormous variety of dynamic and self-assembling functfossc
thus the introduction of such functions of LCs into organic materials
has been a useful technique in materials sci€nteOn the other NCO/\/\/\/NHz
hand, we have developed the “gelol method” for the preparation
of monodispersed particles precisely controlled in size and mor- L2:Cr72 N 92 Iso
phology in |arge quantitiesl and have produced many kinds of aC-I', cryst‘al; X, hlgher order Sm?ctic; N, nematic; |‘50, iSOtrOpiC phases.
uniform particles of metal oxides, sulfides, pure metals &@n The figures in between are transition temperatureXCin
the basis of this method, we have reported a facile procedure for
the preparation of ellipsoidal monodispersed anatase mano-
particles by using ammonia or primary amines as shape control-
lers14 The key to shape control is the selective adsorption of these
amines to the specific crystal planes parallel to thaxis of
tetragonal anatase titania particles during their growth. The strong
adsorption of amines suggests that we would obtain novel organic
inorganic hybrid LCs by the adsorption of amino-substituted
mesogenic organic LC molecules to the surfaces of the anisotropic
TiO, nanoparticles.

We designed and synthesized amino-substitute@éndL2, as
well asL3, the same akl but without an amino group, as shown
in Chart 1. The phase transition temperatures and LC phases of
L1—-3 were determined by differential scanning calorimetry (DSC)

and polarized optical microsco POM) with a hot stage. On the ' '
P P by ( ) g Figure 1. TEM images of TiQ particlesT1—3 prepared by the geisol

other h.and, anlsotroplc.T@artlcles dl.fferent n morphology, 85 method and irregularly shapddt obtained by mixing different particles:
shown in the transmission electron micrographs of Figure 1, were (a) T1, (b) T2, () T3, and (d)T4.

prepared by the gelsol method and thoroughly washed with 2 M
HNOs, 0.01 M NaOH, and distilled water by centrifugation to
completely remove the shape controllers. The rather polydispersed
and irregular-shaped particl&gd were prepared by mixing uniform
TiO, particles of different shapes.

All TiO ; powders were confirmed to be anatase-type titania by
X-ray diffraction analysis, and their surfaces were all those of pure
anatase titania, as revealed by X-ray photoelectron spectroscopy.

Hybridization of L1/T1,2,3,4 andL2,3/T1 was carried out as
follows. Twenty milligrams ofL and the same weight af were HER
mixed together and dispersed in 2 mL of methanol by ultrasoni- Figure 2. Polarized photomicrographs of thermotropic hybrid LC phases
cation for 30 min. The solvent was then removed by evaporation f hybrid L1/T1 on heating: (@) 70, (b) 100, (c) 120, and (d) 140,

o . . olydomain and (e) 140C, sheared monodomain.
at 50°C and subsequent suction under a reduced pressure. Flguré)
2 exhibits POM images of a hybridl andT1 (L1/T1) at different phase was observed up to 131G (Figure 2b). On reaching 113
temperatures. The hybrid melted at 48, and a mesophase with  °C, the schlieren texture disappeared and an optically isotropic
strong birefringence was formed, as shown in Figure 2a. Phasemesophase was seen up to ca. 80(Figure 2c), at which a
transition of the mesophase occurred at°Z3 as revealed from schlieren texture in a fluidized state was formed again (Figure 2d).
DSC, and a schlieren texture as a characteristic of a nematic (N) The mesophase was readily transformed to a uniaxially aligned

L1: R = CgH1oNHy; Cr 35 Sy 73 N 101 Iso
L3: R = CgHy3; Cr 58 Sy 64 N 100 Iso
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of the L1 molecules were densely adsorbed perpendicular to the
surfaces ofT1 particles. As a consequence, the acicular ;TiO
particles are deemed to be bridged together through the hydrophobic
interaction between the alkyl chains of th& molecule layers on
their surfaces, leading to an N structure of the Jjp@rticles linked
together by a kind of smectic bilayers of the adsorb&anolecules.

To date, LC behaviors are known for some inorganic anisotropic
particles in a highly dilute aqueous dispersiéta® In such systems,

: the liquid-crystalline performance is governed by the balance of

107 = “I,,z ' 1 — “;1 ' ' the repulsive and attractive forces among the anisotropic particles
qa(A) themselves. Kanayama et*8lhas observed an optically isotropic
Figure 3. SAXS profiles ofL1/T1 andL1. L1/T1: (a) 70, (b) 90, (c) mesophase with a composite of a thiol derivative of an LC
110, (d) 130, and (e) 15€C; (f) L1 at 70°C. compound and gold nanospheres of ca. 3 nm. However, the details
were unknown, and the optical anisotropy characteristic of LCs
was not observed either. Hence, to the best of our knowledge, the
present paper is the first report on new optically anisotropic LC
phases with a novel organritnorganic hybrid of a liquid-crystalline
compound and monodispersed anisotropic inorganic particles. In
view of the almost infinite possibilities in the combination of organic
and inorganic matters, such hybrid materials may have unfathom-
able potential as one of the most advanced functional materials in
the future.

(a)
36.|2 nm (b)

Intensity (A. U.)
2 o
w -~

-
L=
]

monodomain by shearing, as shown in Figure 2e. The birefringence
was observed up to 25C. Interestingly, such liquid crystallinity
owing to the hybridization was not observed at all with hybrids
L1/T2,3,4. Thus, the aspect ratio of the anisotropic particles and
their uniformity in morphology are decisive factors for the formation
of the LCs of the hybrids. None of the mesomorphic phenomena
was seen with hybrid2/T1 until L2 of the L2/T1 hybrid was
decomposed (ca. 24C). Hence, in this case, the original liquid
crystallinity of L2 was lost by the hybridization witfi1. Further-

more, since the phase separation was observed only with the hybrid Acknowledgment. We are indebted to Prof. E. Matsubara and
L3/T1 through POM, the amino group &fl was likely to play an Dr. T. Kamiyama in IMR, Tohoku University, for their helpful
essential role for the formation of the hybrid LC bf with the advice for SAXS measurements, and the staff of the workshop of
anisotropic titania particles. The definite interaction between the g, institute for making equipment for SAXS and POM. We also

amino group ofL1 and the surfaces of1 was confirmed by 5cknowledge Dainippon Ink & Chemicals for the kind offer of LC
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The structural transitions of LC phases of hybkitl/T1 were
examined by small-angle X-ray scattering (SAXS) measurements. Supporting Information Available: Experimental details for the
Figure 3 shows the SAXS profiles of hybrid /T1 and of a single synthesis ofL1—3, preparation ofT1—4, and characterization of
component oL.1. The scattering profiles df1/T1 at 70, 90, and thermotropic hybrid liquid crystalline behavior (PDF). This material
110°C (Figure 3a-c) suggested the existence of periodic particle is available free of charge via Internet at http:/pubs.acs.org.
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