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i SCRH B : Synthesis of Network Polymers Based on No Volume Shrinkable Monomers
with Double Ring-Opening Polymerization

Many efforts have been made to reduce the shrinkage upon polymerization in fabricating of
industrial materials such as precision coatings, strain free composites, adhesives, and dental
fillings. For example, use of thermoplastic polymers, addition of fillers, and curing at low
processing temperature have been attempted, although these methods are not substantial
enough because of the inherent shrinkage during typical polymerizations. One of the desirable
solutions for this problem is the polymerization of monomers that show nearly zero shrinkage
or expansion, including spiro orthoesters [SOE], spiro orthocarbonates [SOC], and bicyclic
orthoesters [BOE] derivatives.

For the application of the SOE and SOC structure to curing materials without volume
shrinkage, SOE or SOC derivatives containing radically polymerizable group are expected to
be effective monomers that can introduce SOE or SOC moieties into various copolymer
backbones via radical copolymerization with common radically polymerizable monomers. As
expected, these copolymers bearing SOE or SOC moieties can be crosslinked without
significant shrinkages or expansions. Accordingly, the cationic ring-opening polymerization of
a BOE derivative having hydroxy group (BOE-OH) may afford both soluble and crosslinked
polyethers. BOE-OH gave rise to a THF soluble polyether by cationic ring-opening
polymerization at 80-130 °C. By contrast, its polymerization at higher temperature gave a
soluble poly(BOE-OH) and insoluble product originated from the crosslinking reaction by the
dehydration of methylol group in the side chain of poly(BOE-OH). This finding indicates that
BOE-OH is a unique monomer providing crosslinking group into the polymers and decreasing
the volume shrinkage in cationic copolymerization.

The volume changes have been evaluated by the density gradient tube method, although this
method implies a substantial error originating from the hydrolysis of water-sensitive groups
including SOE, SOC, and SOE derivatives. In contrast, micromeritics gas pycnometers have
enabled the facile density measurements of trace amounts of dry samples. Accordingly, we
investigated the volume change behavior in the cationic crosslinking of the copolymers bearing

SOE or SOC moieties in the side chain and cationic polymerization and crosslinking of




BOE-OH, using the micromeritics gas pycnometer.
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