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Synthesis and Characterization of Crystalline Scheme 1
Hyperbranched Polysiloxysilane with POSS Groups 4
at the Terminal Position L, X,
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Introduction. Hyperbranched polymers have attracted much 1 !
attention because of their special physical and chemical proper- ‘ad
ties caused by the branching structlitks compared to their HBPS-Vi
linear analogues, hyperbranched polymers possess considerably He e
higher solubility in organic solvents, lower viscosity, and \&,\), cp\s:o;}i'o\ I,O'S'\ \,,\),
decreased interchain entanglement. Hyperbranched polymers are {s(_o' N ¢ VP v _(slg’s \
typically prepared by growth polymerization of ABype "}S<= C)\CS?S‘\O-E;S‘-cp toluene 0/3(/\
monomers, and the resulting macromolecules have a large oo, Poss
number of terminal functional groups. The properties of HBPS.Vi POSS-H P1-P3
hyperbranched polymers are extremely dependent on the
terminal functional groups and can be tailored by chemical __Table 1. Hydrosilylation Reaction of HBPS-Vi with POSS-H
modification. POSS-H feed POSS
Dendritic polymers such as dendrimer and hyperbranched polymer Xx)= (%) MW MuMy T Ty
polymer are usually unable to crystallize due to their highly P1 2.7 100 24300 1.4 18 233
branched topology.However, crystallization can be induced P2 0.5 57 19800 17 16 211
P3 0.2 21 15600 1.7 18 167

by the attachment of long alkyl chains as molecular scaffold.
For hyperbranched polymers, to date crystallization has only  2Equivalent with respect to HBPS-W.Estimated frontH NMR spectra.
been studied to a very limited extent. Hult et al. have observed °Determined by GPC against PS standard cuh@SC: 10°C/min from
crystallization for aliphatic hyperbranched polyesters bearing _20 © 270°C under N two cycles. Second heating was used for all
- . . calculations® Done in two steps of 1.33 equiv.

alkyl chains with more than 12 carbons as terminal grdups.
Frey et al. have systematically studied the thermal properties
of crystalline esterified aliphatic hyperbranched polyether poly-  Results and DiscussionHBPS having terminal vinyl groups
ols? In these cases, flexible long alkyl chains crystallize (HBPS-Vi) was synthesized by the literature methédhe
expelling the hyperbranched backbone, and the crystallinity molecular weight of HBPS-Vi was,, = 9300 andVl,/M, =
depends on the length and substituent degree of the alkyl chains2.0. HBPS with terminal POSS groups in varying amouRts«

Recently, there has been considerable interest in organic P3) were prepared by hydrosilylation reaction of HBPS-Vi with
inorganic hybrid materials. In particular, polyhedral oligomeric hydro-heptacyclopentyl-substituted POSS (POSS-H) (Scheme
silsesquioxane (POSS), which has a molecular sized silica-like 1). P1—P3 were isolated by preparative GPC, and unreacted
cage structure and can be functionalized with a wide variety of POSS-H was removed completely. The molecular weights,
organic groups, is an interesting class of inorganic composents. substituent degrees of POSS groups, and thermal properties are
The incorporation of POSS into some polymers has led to summarized in Table 1. Although HBPS-Viwas a viscous liquid
enhancements in thermal and mechanical propeafddPOSS polymer, P1—P3 were white solid materials. The molecular
groups are dispersed as isolated aggregates and can fornweight of polymers increased in proportion to the feed amount
crystalline domains throughout polymer mattiXhe enhance-  of POSS-H. The chemical structuresRif—P3 were character-
ment of properties is attributed to both dispersion and aggrega-ized by NMR and IR spectré. There is no vinyl signal in the
tion of POSS groups. IH NMR spectrum ofP1, indicating that all vinyl groups were

Among reported hyperbranched polymers so far, silicon- hydrosilylated with POSS groups. Thid NMR spectra ofP2
containing hyperbranched polymers are beginning to attract andP3 showed residual vinyl signals. The substituent degrees
interest as new organidnorganic hybrid material®¥ Hyper- of POSS groups dP2andP3were calculated to 57% and 21%,
branched polysiloxysilane (HBPS) is an especially attractive respectively, from the relative integral ratio of remained vinyl
material because of remarkable properties of the siloxane bondgroups. The values correspond to the feed amounts of POSS-
such as flexibility, thermal stability, and dielectric constéint.  H.
In addition, the terminal vinyl or hydrosilane (SiH) groups of Thermal behavior oP1-P3was investigated by differential
HBPS can be modified easily by hydrosilylation reactiétin scanning calorimetry (DSC)P1—-P3 display both a glass
this study, we prepared HBPS with POSS groups at the terminaltransition temperaturelf) and a melting pointTn). For P1—
position to develop novel crystalline hyperbranched polymers. P3, the Ty is increased compared to tfig of HBPS-Vi, and a

Tm is now observed, which is assumed to be due to POSS

* Corresponding author: e-mail mkakimot@o.cc.titech.ac.jp;F&i.- regions as HBPS-Vi is amorphous. It should be emphasized that

3-5734-2433; Fax-81-3-5734-2875. POSS-H decomposes befordais observed. The increase of
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Figure 1. DSC diagrams oP1: heating (a) and cooling (b).
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Figure 2. Wide-angle X-ray scattering patternskf (a) and POSS-H
(b). Optical density of scattering anglé 2f the patterns of POSS-H,
P1, P2, andP3 (c). Micrograph ofP1 under cross polarizer (d).

Ty can be explained by the steric effect and interaction of POSS
groups, which restrict polymer motidAThe decrease o, is
considered because the hyperbranched polysiloxysilane back
bone interferes with crystallization of POSS groups and makes
the crystal domain size smaller. As seen in Table 1,The
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P1, the two typical crystalline peaks of POSS molecules were
observed at 8.22and 18.82 (d-spacings 10.76 and 4.72p1
showed a very similar diffraction pattern to POSS-H, suggesting
that the crystal structure ¢¥1 is the same as that of POSS-H,
which has a hexagonally packed structtfr&€he terminal POSS
groups seem to aggregate and form crystal domains, leaving
the hyperbranched polysiloxysilane backbone unaffected. The
optical densities of scattering anglé af the patterns oP1—
P3and POSS-H (Figure 2c) reveal that the degree of crystallinity
is proportional to the content of POSS groups as mentioned
above.

To investigate the growth of crystallited81—P3were heated
to the melt and cooled slowly below the melting point. The
micrograph ofP1 clearly demonstrates thRil forms crystallites
(Figure 2d). This indicates that crystallinity can be induced by
the attachment of POSS groups to chain end of HBPS as
molecular scaffold. In the cases®2 andP3, crystallites were
not observed.

In summary, we have synthesized HBPS with POSS groups
at the terminal position with controllable extent of substitution.
The POSS groups crystallize, and the degree of crystallinity
was proportional to the content of POSS groups. The use of
POSS as assembling block is possible to create new crystalline
hyperbranched polymers.
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