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Polyhedral oligomeric silsesquioxanes (POSS) are a family R°0 OR”

of nanoscale chemical structures that contain a silicon/oxygen 3 R2=Bn

core based on (SiQ), and have each apex (i.e., silicon atom) ' :l H,, Pd/C

connected to some organic grobft.is this combination of an 4,R?2=H THF R

inorganic core covered with an organic shell at the molecular o_‘Si/O}Si’R

level that has led POSS structures to being labeled as hybrid R\s(//’o\s’i\ \

material$? The most easily prepared, commercially available, BrCN, NEt,, O\ \ R/o
; . : : Et,0, -20 °C 0 _ o /

and widely studied POSS structures have a core unit of eight 2™ H \ RS~/ R

silicon atoms: (RSi@x)s with R being a wide variety of neutfal O NaoS=2 ,—Si—0

and chargetiorganic functionalities. Thus, the chemical nature R

of the R group that modifies a POSS cage controls the solubility Re iso-buty

and hence compatibility of the hybrid material with solvents NCO OCN
and in many cases, a host polymeric matetial.

Early in the development of POSS chemistry Feher and co-
workers discovered that incompletely condensed cages of the the amphiphilic nature of monotethered-POSS molecules can
formula R'SiOg(OH); could be isolated and then capped with be utilized to assemble three- and two-dimensional nano- and
an organosilane (fSiXs) reagent to produce a wide variety of microstructure$:1° In this communication we present the
POSS molecules with one apex uniquely modifi€@ver the synthesis of a new monotethered-POSS molecule that will form
past two decades research groups have utilized monotetheredmicellar aggregates that undergo a thermally induced polym-
POSS molecules for the covalent attachment to a variety of hosterization/cure reaction to afford very stable and discrete nano-
materials® More recently several groups have recognized that sized macromolecular structures.

Starting from methyl 3,5-dihydroxybenzoate, the bis-benzyl-
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Figure 1. Simultaneous TGA (upper curve) and DSC (lower curves) ‘ 0 1 2 3 4 5 6
of monomer5, heated at 10C/min under nitrogen. The dashed curve i
is the DSC signal from the second heating of a separate sample of Concentration (g/dL)

monomel5 thermally cycled to 250C (i.e., a completely cured sample). Figure 3. Relative viscosity of monomes and cured polymer (i.e.,
POSS-nanoplanetéormed at 210°C) in hexanes at 19.5C.
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Figure 2. SEC analysis for the curing reaction 6fcarried out at the POSS-alkyl groups, and then afte2 h at 600°C, complete
selected temperatures. Each data point represents a unique sample that y ' ;

was quenched at the reported time and then analyzed by SEC. Result€ONVersion to Si@is nearly quantitativé® Both infrared and
are relative to polystyrene standards using THF as solvent. Polydis- NMR spectroscopic analysis of the cured materials show a
persity values were typically in the range of +.8.6 for samples. complete disappearance of the signals associated with the
cyanate ester group.Furthermore, silicon-29 NMR spectro-
are readily removed under mild conditions using hydrogen and scopic data of the thermally cured material reveals two very
Pd/C as cataly$t to afford the dihydroxy benzamidé!3 A sharp and strong signals@67.5 and 67.8 ppm that are virtually
chilled (—20°C) ether solution containingand a slight excess  identical to the starting monomér
of cyanogen bromide is treated with triethylamine to afford after ~ We have carried out the thermal curing ®t a variety of
workup, monomer5 in excellent yield and purity? It is temperatures and monitored progress of the reaction using size
noteworthy to mention that the only purification steps required exclusion chromatography (SEC). A plot of the data for reaction
to provide pure intermediates and the target monomer are eithertime vsM, is shown in Figure 2. Although at higher temperature
simple aqueous workups or filtration through Celite. the cure is discernibly faster, it is evident that in a matter of
A cure profile obtained in a differential scanning calorimeter minutes even at 178C the reaction is nearly complete and the
(DSC) for cyanate monomes is displayed in Figure 1. As  molecular weight becomes quite stable in a short time period.
anticipated, we find an exothermic cure event; however, this Furthermore, the polydispersity (+4.6) we measure is quite
usually does not occur until well over 22Q for most aromatic narrow at the higher reaction temperatures (230 and°250
cyanate ester residgThe reason for the lower temperature cure especially for a polymerization reaction that is well-known to
is unclear at this time. In Figure 1, we also show that when the form extensive 3-dimensional hyper-cross-linked netwdgks.
ramp is halted at 250C and then cooled, the second heating Further support for a compact and discrete nanostructure of
cycle shows no exothermic cure event. Thermogravimetric limited molecular weight for the thermally curéds revealed
analysis (TGA) of monomeis under nitrogen (Figure 1) by viscosity measurement$ Plots of relative viscosityfel)
confirms no weight loss during the cure reaction as expected for the POSS cyanate ester monorfend the thermally cured
in the formation of the triazine rings. Treatment of a sample in polymer as a function of concentration in hexanes are shown
the TGA under a purge of air shows an intermediate weight in Figure 3. Despite the relatively high concentrations used, the
reduction of~34% at~300 °C that is consistent with loss of  relative viscosities measured remain low, even for the polym-
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Figure 5. Physical characterization of tHOSS-nanoplanetsy tapping mode AFM on the left. Picture on the right is a scan of a prepared blank
slide.

erized system. The extrapolated intrinsic viscosities were 0.012islands is measured at5 nm. These data are consistent with
+ 0.003 and 0.00% 0.002 dL/g for polymer and monoméy the proposed structure for tROSS-nanoplaneThe image on
respectively. Using the universal constantat a value of 2.5 the right side of Figure 5 shows a background check for the
x 10% (dL/mol) cn?,'® the observed intrinsic viscosities are  slide preparation and AFM operation.

consistent with a size on the order-ef. nm for the monomer In conclusion, we have prepared a new mono-tethered and
5 and~5 nm (for a hypothetical polymerization of 18) for the  functionalized POSS monomer that reacts under thermal curing
cured material in hexanes. to afford robust and discrete micelle-like structures that we have

For POSS-systems that are substituted at one corner, that isjenoted aPOSS-nanoplanetdhe unique structures have a
monotethered, there exist a number of examples where distinctgefined core of cured cyanate ester resin, a “crust’ largely
phase separation has been néfet-or monomes, it appears  consisting of the $D;; inorganic cages, and an “atmosphere”
to favor a micellar-like structure that is thermodynamically that is dominated by the hydrocarbon isobutyl chains. Although
driven by the very distinctive (i.e., amphiphilic) chemical nature similar types of nanospherelike structures have been reported
of the dipolar cyanate estebenzamide group and the very using block polyme® and dendrimeric structur@3, the
hydrocarbon-like character of the seven isobutyl groups. The simplicity and thermal processing for creating the hyHaISS-
difference in size of the groups dictates that the cyanate estershanoplanetss quite unique. Work continues to uncover how
will be directed to the core of a micelle. This results in a very one can control the size of tHeOSS-nanoplanetsnd we are
high effective concentration of the cyanate ester groups and mayexploring the inclusion of guest molecules of interest in the core
also provide some degree of preorganization for the subsequentjuring the thermal cure cycle.
trimerization reaction. This may account for the accelerated cure
that was mentioned above. A theoretical reaction of 18 units of  Acknowledgment. M.E.W. and A.J.G. would like to thank

5 can produce a core with reasonable geometry and completethe Office of Naval Research for funding of this work through

reaction of the cyanate ester groups. Using an amorphous densityhe |LIR program. The authors would also like to thank Mr.
of 20 A® for non-hydrogen atoms, an 18-mer would have a pan Bliss for his work in collecting the SEC data.

cyanate ester resin core diameter&.4 nm and a surface area

of ~16 nn? (Figure 4). The core surface area can easily  sypporting Information Available: Text giving complete
accommodate the “footprint” of 18 POSS molecules to form a experimental details and spectroscopic data and figures showing
hybrid “crust.” The surface of the spherical structure is tapping-mode AFM, FT-IR of a film showing the loss of the cyanate
dominated by the iso-butyl groups. With this unique three-layer ester peak, and GPC traces. This material is available free of charge
architecture we are proposing to call these new macromolecularvia the Internet at http://pubs.acs.org.
structurePOSS-nanoplanetQur SEC data with a polydisper-
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