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Solid state reactions frequently correspond to an intramolecular
process;?but only a few of them concern intermolecular reactions
and the formation of materials. Some classical examples are the
topological polymerization of diacetylene compouhdsor po-
lymerization of aromatic compounds such as distyrylpyrazine and
phenylenediacrylic aciél.

This method for the preparation of solids is attractive because a
high level of anisotropy can be expected in the resulting solids.
Therefore, such a solid-state process could be an alternative to the
sol—gel process. The latter enables the preparation of attractive L
organic-inorganic hybrids but is generally limited by a lack of 0 10 20 30
organization in the case of silicon-based materigtybrid ma- 2 O (degree)
terials made of an organic group and a-8—Si network result
from the hydrolytic polycondensation of alkoxysilah® Auto- Figure 1. X-ray powder diffraction patterns of precursbyrsolid hybrid

o . . materials2 and 3.
organization in some of these materials R-[Si]Q (n = 2) has
been pointed out recenti:13 A short1214150r |ong-rangéf18
ordering can be present, depending on the nature of the organic
group R and the experimental conditions. Still, there is a need for
a general process that leads to materials with a high level of
periodicity. We have now found that alkoxysilanes, the most
frequently used type of monomer, can be hydrolyzed and poly-
condensed directly in the solid state (Scheme 1) by a process
avoiding the formation of a sol and its further transformation into
a gel.

More interestingly, the structures of the materials obtained by
such a solid-state process exhibit much higher periodicity than that
of a corresponding solidBj that was prepared by the classical-sol
gel hydrolytic polycondensation df. This therefore represents a
new tool for the preparation of highly anisotropic silicon-based
hybrid materials.

The 1,4-bis(5-trimethoxysilyl-1-pentenoxy)bipherdyvas used
as precursot® First it was melted (mp= 62 °C) under argon and
cast in thin films of 26-50 um deposited on glass slides. When
solidified at room temperature, the glass slide was immersed in
1.7 M aqueous HCI for 7 days at 2@5 °C, and no soluble residue
was detected in the aqueous solution during or after the process.
In a different procedure, a solid/gas reaction was obtained by direct Figure 2. Microscopy in polarized light of 5@m x 50 zm.
contact of the film with acidic moisture in a desiccator kept at 60
70% humidity provided by 10 M aqueous HCI. In this latter case ppm, relative intensity: 20.9; C-Si(€8i);) (R = Me or H); no
the reaction takes ¥215 days. In both procedures, a white sdid  signal at—41.31 ppm related to monomgis observed. Integration
is then collected and washed with solvent to remove any soluble of these signals gives a quantitative level of polycondensation of
residues? 66%, close to that of solid (70%) prepared by the sefel process

Hybrid material2 is no longer fusible up to 30C, and the level of 1 (in THF as solvent and ammonium fluoride as catalyst).
of carbon and hydrogen determined by elemental analysis is lower Therefore, each silicon atom takes part in the Gi~Si network,
than forl. This is in accordance with the expected values. Chemical but a fully condensed system is not achieved as for most of these
transformation is confirmed by°Si NMR (HPDEC sequence)  materials. For this solid-state process, this is probably because of
analysis of2, which exhibits three signals attributed té (F-48.9 the increasing difficulty for water to diffuse and the increasing
ppm, relative intensity: 22.1, C-Si(ORP—Si)), T? (—57.8 ppm, number of Si-O—Si that progressively hinders the movement
relative intensity: 57.0; C-Si(OR)(€Si),), and T signals (-67.4 required for condensation to occur.
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Scheme 1.
the Precursor (1)
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Synthesis of the Silicon-Based Hybrid Material Prepared Either by Solid-State Process (2) or Classical Sol—Gel Process (3) of
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The presence of a high periodicity fis demonstrated by X-ray

Supporting Information Available: General experimental proce-

powder diffraction (Figure 1). Different Bragg's signals are dures and preparation of compouddy the classical setgel process

observed. The one at 24.8 A (0.25A 20 = 3.51°) could fit

(PDF). This material is available free of charge via the Internet at http://

with the length of the organic spacer (25.3 A) but is not the pubs.acs.org.

strongest. On the other hand, a sharp and strong signal at 12.4 A

(0.25 A1, 2@ = 3.57°) corresponding to one-half of the length of
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the organic spacer may for example suggest a layered structure (1) Tanaka, K.; Toda, FChem. Re. 200Q 100, 1025.

with a tilted angle (estimated here aR0n all cases, the diffraction
pattern is completely different from that of microcrystallizednd
suggests a strong reorganization of the solid during the chemical
process.

For comparison, the diffraction pattern 8fexhibits fewer and

broader signals suggesting a shorter-range order and a lower level

of periodicity than for2. Additionally, the birefringence o8 (An
= (6.5+ 0.5) x 1079) is lower than that o (An = (204 0.5) x
1072 ) which is itself lower than that ol (An = >30(0.5) x
1072) (Figure 2).

The solid-state process that we report is one of the very few
requiring the combination of two steps according to the reactivity
of the S-OMe bond toward water: first hydrolysis and second
the subsequent intermolecular polycondensation. An important point
concerns the elimination of methanol which is the byproduct of
the reaction. It might act as a solvent fbrand would lead to
disorganization of the medium. However, this is avoided here,
probably because thin films are used and allow either a rapid
diffusion into the gas phase or a rapid dilution by the water phase
of methanol.

In the rapidly developing area of auto-organized syst&rtisese
results point out that it is possible to hydrolyze and polycondense
into solid state alkoxysilane, taking advantage of the crystalline
structure of the precursor. The architecture of the molecular solid

is apparently not preserved but serves as a template or a scaffold.

These data are representative of our current efforts to find new
methods for the control of the organization of silicon-based hybrid
organic-inorganic materialst
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