
carbonate groups have been reported at temperatures ranging from 150-250
“C. The structural consequences of the thermal treatments were determined
by solid state 13Cand 29SiNMR. The physical changes were determined by
porosimetry, scanning electron microscopy, and volumetric studies on
monolithic gels.
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Introduction
Bridged polysilsesquioxanes (BPS) are a family of hybrid

organic–inorganic materials prepared by sol-gel polymerization of molecular
building blocks that contain a variable organic component and at least two
trifrrnctional silyl groups”z.The resulting xerogels and aerogeIs have physical
and mechanical properties that are strongIy influenced by the organic bridging
group. This talk focuses on the synthesis of functional bridged
polysilsesquioxanes. Incorporation of fimctiona[ groups that respond to
chemical, photochemical, or thermal stimuli can provide handles for
modifying bulk morphology and/or provide function. These materials can fmd
use as ion exchange media, chromatographic stationary phases, photoresists
and high capacity selective chemical absorbents.
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Figure 1. Thermal gravimetric analysis traces for dipropy[ene camonate ana
isobutylene carbonate-bridged gels.

First, thermal gravimetric analysis (TGA) was used to establish the onset
temperature for the rearrangement and loss of carbon dioxide. The TGA of
both dipropylene carbonate and isobutylene carbonate-bridged gels show two
distinct transitions (Figure 1). The onset for decarbo~lation occurred
between near 300 ‘C for the dipropylene carbonate-bridged gels and near 340
‘C for the isobutylene carbonate-bridged gels. The mass loss at the initial
transition ranges from 20-24%. This range is close to the expected mass loss
due to decarboxylation.

Theoretically, a fully condensed gel of monomer 1 that completely
decarboxylated would loose 18.6% of its mass and a gel of monomer 2 would -
loose 16.6V0of its mass. Since these gels are not completely condensed, the
observation of a mass 10SSgreater than 19°%might be attributed in part to the
Ioss of water and ethanol from firrther condensation events. This is supported
by the observation that a few of the dipropylene carbonate-bridgedmaterials
began losing mass at 275 “C with evolution of ethanol detected by TGA-mass
spectrometry. Analogous mass losses beginning at 275 “C and 450 “C, but
none between 300-350 “C, were also observed for polysilsesquioxanes
prepared from monomers that bear no carbonate functionality. The second
transition at 500 “C in the dialkylene carbonate-bridged materials is
accompanied by mass 10SSconsistent with the degradation of the remaining
organic timctionalities in the gels.

Conclusions
Dipropylene and diisobutylene carbonate-bridging groups were

successfully used as masked hydroxyalkyl and allylic substituents in
polysiIsesquioxane gels and the nature of the substitaents could be controlled
through surface modification of the gels prior to heat treatment.
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Experimental
Sol-Gel Polymerizations. All polysilsesquioxane gels were made from

0.4 M solutions of monomers in dry ethanol (distilled from magnesium
turnings) with six equivalents H20 and 10.8 mol % catalyst (HCl or NaOI-f).
A typicaI formulation is as follows. A monomer solution was made of 1 or 2
(2.0 MMO1)in dry ethanol (1.0 ML). A catalyst solution was made by adding
1.0 M HC1(aqueous) or 1.0 M NaOH (aqueous) (0.215 g, 12 mmol H20) to

dry ethanol (1.0 mL). The catalyst and monomer solutions were combined
and the total vohrme of the solution was brought to 5.00 ML by the addition of
dry ethanol. Gelation time was determined by the time it took for the
combined solutions to cease to flow. Gels were allowed to age for 2 weeks
before processing, Xerogels were made by crushing the wet gel under
distilled water. The crushed gels were washed with 200 mL of distilled water
followed by 100 ML of diethyl ether. The resulting powders were dried under
vacuum at 100 ‘C for 12 h. Aerogels were made by submitting the wet gels to
supercrhical C02 extraction. Polymers are denoted (vide injtz) as X (xerogel)

or A (aerogel), the type of catalyst used in the gels’ preparation (H for
aqueous HCI; OH for aqueous NaOH) and the thermolysis temperature (300)
where appropriate.

Results and Discussion
In one example that will be discussed we describe a new class of

polysilsesquioxanes bridged with dipropylene- or diisobrrtylene-carbonate
groups that protect or mask hydroxyalkyl- and oletinic groups (Scheme 1).
Dialkylcarbonates with ~-hydrogens nndergo a thermal decarboxylation
reaction to quantitatively afford an oletin and an aIcoho13. Ideally, thermal
decarboxylation of the carbonate in the polysilsesquioxane gels would lead to
cleavage of the bridging group while generating a new polysilsesquioxane
material functiona[ized with hydroxyalkyl and olefinic groups in close
proximity.
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In practice, the hydroxyalkyl and oletinic substitutents were discovered
to undergo reactions with residual silanols or each other under the thermolysis
conditions.

Thermally-Induced Decarboxylation. Samples of the dipropylene
carbonate and diisobutylene carbonate-bridged polysilsesquioxanes were
heated to determine if and when thermal decarboxylation would occur.
Thermally induced decarboxylation of polymers containing dialkylene
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