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A hybrid organic inorganic nanostructured material containing
a TTF core substituted by four arms exhibited a high level of
both condensation at silicon (96%) and self-organization as
evidenced by X-ray diffraction and an unprecedented bi-
refringent behaviour.

Sol-gel polycondensation is a very convenient method for the
preparation of hybrid organic—inorganic silicon-based materials.t
The choice of the precursor is extensive and several organic groups
have been introduced into matrices by hydrolytic polycondensation
of polyalkoxysilyl precursors.2 The solids obtained are particularly
attractive since they maintain the properties of the organic units.
Moreover, besides the self-organization introduced by hydrogen
bonding?3 these materials exhibit an anisotropic organization at the
nanometric scale evidenced by their chemical reactivity,4-6 and X-
ray diffraction data.” A micrometric scale anisotropic order hasalso
been observed by birefringence measurements.8° These observa-
tions show that the hybrid materials are very good models for
studying organization induced by weak van der Waals type
interactions occurring between organic units during polycondensa-
tion as evidenced in the case of rigid or semi-flexible linear rod
organic spacers and linear molecules with flexible arms.10 In this
paper we describe the same studies performed on a planar
mesogenic structure corresponding to a tetrathiafulvalene unit
(TTF) substituted by four flexible arms including the possibility of
hydrogen bonding. The tetrasubstituted(trialkoxysilyl) TTF deriva-
tive 2 was obtained from the tetra-hydroxyethylthio TTF 111 upon
reaction with y-isocyanatopropyltriethoxysilane in the presence of
triethylamine (Scheme 1).1 The hydrolysis of 2 was performed in
THF with TBAF (tetrabutylammonium fluoride) as catalyst and a
stoichiometric amount of H,O.r The sol-gel transition was
observed after 1-2 min. The gel was aged 6 days and then treated
as usual to give a non-porous xerogel X2 (Sger < 10 m2 g—1).
The 2S5 CP MAS NMR spectrum of X2 exhibited T2 [C-
Si(OR)(0Si),, 6 —58.5 ppm (13%)] and T3 [C-Si(OSi)3, 6 —66.5
ppm (87%)] substructures corresponding to alevel of condensation
estimated at 96%.12 This very high level of condensation is
surprising compared with other hybrid solids (usual range
61-80%)13 and could be attributed to a favourable organization
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8 Scheme 1 Synthesis of the TTF precursor 2.
396 Chem. Commun., 2004, 396-397 |

induced by the TTF units. The powder X-ray diffraction diagram of
X2 exhibited two broad signals centred at 1.49 A-1 (4.20 A) and
0.58 A—1(10.79 A) when analysed from 0.2 to 2.0 A—1 (Fig. 1(a)).
This behaviour is similar to that of other polysilsesquioxane
materials with a short-range order in the solid.”14 The signal
centred at 1.49 A—1 was attributed to the contribution of the Si—-O—
Si units.” Interestingly other rather sharp signals were observed at
156 A-1(4.01A),1.67A-1(3.75A), 1.88A-1(3.34 A) and 1.93
A-1(3.25 A). These peaks are not observed in the case of linear
spacers. They cannot be interpreted, however they evidence a
higher periodicity and an organi zation of the solid on alonger range
order than usually exhibited by these materials.1> The more intense
peak at 3.25 A should correspond to the distance between two
planes of TTF as already reported in the literature (3.43 A).16 More
information has been obtained between 0.04 and 0.24 A-1, two
signals were observed, a sharp one at 0.07 A-1 (91.06 A) and a
broad oneat 0.10 A—1(65.45 A) (Fig. 1(b)). Taking into account the
distance of 3.25 A between the TTF units, these distances of 91.06
and 65.45 A could roughly correspond to a stacking of respectively
28 and 20 TTF units.

A small part of the homogeneous solution containing precursor,
THF, catalyst and H,0, was introduced by capillarity in a thin
Teflon-coated glass cell which was then sealed.® The sol—gel
transition was observed in the cell after 30 min (absence of
hydrodynamic movement after a gentle pressure on one cell glass
plate). The cell was analysed by microscopy in polarized light. At
the beginning the sol did not exhibit any birefringence property,
indicating an isotropic medium. Immediately after the gel forma-
tion, avery weak birefringence appeared without any cracksin the
gel. After awhile the birefringence increased and theimagesin the
plates were very different from the previous observations. For the
first time some circular isotropic regions are observed (Fig. 2). Fig.
3(a) shows a magnified image of one of these isotropic regions.
From moving off the centre of the circular isotropic region (A) a
strongly bright ring (B) is observed followed by ablack ring (C) and
finally four extinction branches (D). To characterise these different
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Fig. 1 X-Ray powder diagrams of the xerogel X2.
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birefringent regions, we first tilted the plate by 30° with respect to
the light incidence direction. The central region (A) remains black.
This fact suggests that (A) is free of matter since the materia is
amost fully polycondensed (96%). Moreover it is not possible to
observe free oligomers as evidenced by the absence of TO and T
signals in the 295 CP MAS NMR spectrum. Furthermore this is
confirmed by high magnifying microscopic experiments which
reveal the Teflon layers used for coating the glass plates. In contrast
the black ring (C) becomes bright when the cell istilted suggesting
that the gel is anisotropic in the region (C) with aslow optical axis
s oriented perpendicular to the glass plates. In the other two
birefringent regions (B) and (D) the slow optical axis s was
measured using a Bereck compensator. Fig. 3(b) shows the slow
axisfield around the central isotropic region. The slow optical axis
s is oriented radially close to the circular isotropic region (bright
region (B) in Fig. 3(8)), it becomes normal to the cell plates (black
ring (C) inFig. 3(8)) andisfinally oriented tangential to thecircular
isotropic region (four extinction branches region (D) in Fig. 3(a)).
It is interesting to point out that this highly unusua birefringent
behaviour has never been observed in either hybrid materials or the
field of liquid crystals.

Thevalue of birefringence increased with the length of ageing as
previously observed with other precursors.1? After several days, the
birefringence (An) was evaluated at ~5 x 10—3. No changes were
observed after several months. The birefringence measured in the
solid is the signature of a micrometric organization. It has been
reported that the nature of the organic unit is one of the key
parameters for the formation of anisotropic organized materials.9°

(b)

Fig. 3 (a) Magnified image of oneisotropic region of X2 and (b) orientation
of the optical slow axiss.

When the organic spacer is linear with more or less flexibility, the
birefringence generally appears after the formation of cracksin the
gel, indicating that the anisotropic organization at the mesoscopic
level is closely linked to the cracking process.14:15 |n the present
case the gel resulting from the hydrolysis—condensation of the TTF
derivative 2 ishirefringent without cracks. This difference could be
explained by the nature of the organic unit, which presents a
mesogen structure with a planar discotic core connected to four
flexible arms. Probably the nature of therigid and flexible parts and
their ratio in the organic spacer are key factors for both short- and
long-range order organization.

Notes and references

T Selected data for 2: orangethick oil. *H NMR (CDCl3): §0.66 (t, J 8.2 Hz,
8H), 1.26 (t, J 7.0 Hz, 36H), 1.65 (tt, J 6.3 Hz, J 8.2 Hz, 8H), 3.09 (t, J 6.3
Hz, 8H), 3.19 (q, J 6.3 Hz, 8H), 3.85(q, J 7.0 Hz, 24 H), 4.26 (t, J 6.3 Hz,
8H), 5.33 (br t, J 6.3 Hz, 4H); 13C NMR (CDCl3): 4 8.02, 18.68, 23.61,
35.55, 43.87, 58.84, 63.33, 111.13, 128.46, 156.45; 29Si NMR (CDCl3): &
—4570, FAB [C54H105020N488Si4 + H]+, m/z. calc. 14974165, found
1497.4134; elemental analysis: calc. for CsgH105020N4SsSi4: C 43.30, H
7.00, N 3.74, S 17.09. Found: C 43.84, H 7.09, N 3.80, S 17.04%.

¥ InaSchlenk tube, 1.75 g (1.17 mmol) of 2 and 1.67 mL of dried THF were
introduced. 1.67 mL of solution containing 24 uL (24 umol) of TBAF (1
mol L—1in THF), 127 uL (7.02 mmol) of H,O and 1.52 mL of dried THF,
were added. After homogenization, apart of this mixture wasintroduced by
capillarity into the cell, and the remaining solution was kept in the Schlenk
tube. In the two cases, after the sol—gel transition, the gel was aged for 6
days. Then, the gel obtained in the Schlenk tube was crushed and washed
twice with acetone, ethanol and diethyl ether, and the resulting powder was
dried at 120 °Cinvacuo for 3 hyielding an orange xerogel. The gel obtained
in the cell was observed using a Laborlux 12POL S polarizing microscope.
Photographs were taken using a Leica wild MPS28 camera. The
birefringence An of the gelswas obtained from the expression Al = (An)d,
where Al is the optical path difference and d is the cell thickness which is
evaluated by UV-vis spectroscopy (15 £ 2 um); Al was measured by a
Berek compensator.

1 C. J Brinker and G. W. Scherer, Sol-Gel Science: The Physics and
Chemistry of Sol-Gel Processing, Academic Press, New Y ork, 1990.

2 R. J. P. Corriu, Angew. Chem., Int. Ed., 2000, 39, 1376.

3 J J E. Moreau, L. Vellutini, M. Wong Chi Man, C. Bied, J-L.
Bantignies, P. Dieudonné and J.-L. Sauvgjol, J. Am. Chem. Soc., 2001,
123, 7957.

4 R.J.P.Corriu, J. J. E. Moreau, P. Thépot and M. Wong Chi Man, Chem.
Mater., 1996, 8, 100.

5 R.J.P.Corriu, J. J. E. Moreau, P. Thépot, M. Wong Chi Man, C. Chorro,
J. P. Lére-Porte and J. L. Sauvgjol, Chem. Mater., 1994, 6, 640.

6 R. J. P. Corriu, A. Mehdi, C. Réyé and C. Thieuleux, New J. Chem.,,
2003, 27, 905.

7 B.Boury, R.J.P.Corriu, P. Delordand V. Le Strat, J. Non-Cryst. Solids,
2000, 265, 41.

8 B. Boury, R. J. P. Corriu, V. Le Strat, P. Delord and M. Nobili, Angew.
Chem,, Int. Ed., 1999, 38, 3172.

9 (a) F. Ben, B. Boury, R. J. P. Corriu and V. Le Strat, Chem. Mater.,
2000, 12, 3249; (b) B. Boury, F. Ben, R. J. P. Corriu, P. Delord and M.
Nobili, Chem. Mater., 2002, 14, 730.

10 F. Ben, B. Boury and R. J. P. Corriu, Adv. Mater., 2002, 14, 1081.

11 N. Svenstrup, K. M. Rasmussen, T. K. Hansen and J. Becher, Synthesis,
1994, 809.

12 H. W. Oviatt Jr., K. J. Sheaand J. H. Small, Chem. Mater., 1993, 5, 943;
K.J. Shea, D. A. Loy and O. W. Webster, J. Am. Chem. Soc., 1992, 114,
6700; G. Cerveau, R. J. P. Corriu, C. Lepeytreand P. H. Mutin, J. Mater.
Chem., 1998, 8, 2707.

13 G. Cerveau, R. J. P. Corriu and E. Framery, Chem. Mater., 2001, 13,
3373.

14 B. Boury and R. J. P. Corriu, Chem. Commun., 2002, 795.

15 B. Boury and R. J. P. Corriu, Chem. Record, 2003, 3, 120.

16 H. Kobayashi, A. Kobayashi, Y. Sasaki, G. Saito and H. Inokuchi, Bull.
Chem. Soc. Jpn., 1986, 59, 301; S. Matsumiya, A. lzuoka, T. Sugawara,
T. Taruishi and Y. Kawada, Bull. Chem. Soc. Jpn., 1993, 66, 513.

17 A. Vergnes, M. Nobili, P. Delord, L. Cipelletti, R. J. P. Corriu and B.
Boury, J . Sol-Gel ci. Technol., 2003, 26, 621.

Chem. Commun., 2004, 396-397

397




