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ORGANOSILANE POLYMERS, VII:

SODIW DERIVED VINYLIC POLYSILANES

INTRODUCTION

Mixtures of CHp=CHSiMeCl, (vinylmethyldichlorosilane) with other
chlorosilanes are dechlorinated by potassium metal in tetrahydrofuran solvent to
yield highly branched polycarbosilanes which are effective precursors for sili-
con carbide ceramic compositions.1 The costs and hazards associated with
potassium metal prompted numerous attempts to prepare similar tractable ceramic

0.85 Me3SiCl I

— 0
0.3 Me,SiCl, KA, (Mesi)g. gs(MeSidg, 3(CHaCHSiMe) —290°, #sic™
1.0 CHp=CHSiMeCl,  -KCl | 31.4%

precursors using the safer, less costly, and less reactive metal, sodium. These
experiments achieved a low level of success, until the concept of using blended
solvents was employed, and recognition made of the radically different polymeric
structures which are aobtained with sodium.

RESULTS AND DISCUSSION

Dechlorination of the above chlorosilane monomer mixture using sodium
metal in 7/1 (w/w) toluene/THF provides a vinylic polysilane, rather than the

0.85 MezSiCl Na/gCH=/THF 0
0.3 Me3SiCly ——2 ", (Me3si)(SiMep)x(SiMe)y(Simes) 220, =sict
1.0 CHo=CHSiMeCl, -NaCl | 49.5%

CH=CHy

polycarbosilane obtained with potassium. In addition to dechlorination,
potassium causes disilylation of vinyl groups, incorporating them into the
polymer backbone, while sodium does not. The sodium-derived vinylic polysilane
also provides a higher yield of SiC ceramic composition in pyrolysis than does
the potassium-derived polycarbosilane.

Replacing the Me,SiClp with MeSiHCl, provides polysilanes which are
even more efficient precursors for SiC, demonstrating again the effectiveness

0.85 Me3SiCl Na/AICH~ /THF )
0.3 MeSiHC1, Na/dCrs/THF | (Me3S1)(MeSIH)x(MeS1)y(SiMes) —200 »sic™
1.0 CHp=CHSiMeCl, -NaCl I 57.2%

CH=CH»

of MeSiHCl, in providing preceramic polymers with improved ceramic yields.2,3
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.

It is clear that sodium is less reactive than potassium, particularly .
toward Mes3SiCl and CHp=CHSi® groups, that CHo=CHSiMeCl, possesses uniquely high /
reactivity toward sodium, and that the use of solvent blends moderates reac-
tivities such that useful products can be prepared.

. The low reactivity of Na toward both MeszSiCl and CHp=CHSi® groups is
demonstrated by the reaction of MesSiCl with CHp=CHSiMez. Sodium causes no

2.0 Me3SiCl
No Reaction «——12 2 K/THE,  \esSiCHLCH(SiMes)s
@CH3/THF  CHp=CHSiMez -KCl 77.4%

reaction, providing neither MezSiSiMes nor MeBSiCHZCH(SiMe3)2,4 while potassium
provides a high yield of the latter product.!

Thus, no significant reaction occurs between sodium and MesSiCl in
refluxing 7/1 toluene/THF or xylenes/THF (or in either arene or THF _
separatelys). Addition of CHp=CHSiMeCl; to a refluxing mixture, as shown, {
causes rapid reaction, with formation of vinylic polysilanes. The product

CHp=CHSiMeC1l
Na No Reaction —2 2, Me;Si(?iMe)xSiMe3 *

Me3SiCl

xylenes/THF -NaCl
CH=CH»

distribution is definitely nonrandom in that a 4/3 ratio of Mes3SiCl/
CHo=CHSiMeCl, under the above conditions provides products at 0% yield for x =
0, 0.4% for x = 1, 20.1% for x = 2, and 11.0% for x = 3, the remainder (43.4%)
being higher polysilanes. Much of the Mes3SiCl (39.2%) was recovered as
MezSi0SiMes after hydrolytic termination/ﬁeutralization, accenting the low reac-
tivity of MesSiCl.

Model reactions as above wherein @SiMeCl,, EtSiMeCl;, or MeySiCly were
substituted for CHp=CHSiMeCl, were qualitatively slawer and less complete than
Me3SiCl + RSiMeCly — N8 4 Me3Si(RSiMe)ySiMes
arene/THF
R =0, Et, Me

that of CHp=CHSiMeCly, with reactivity decreasing in the order @ > Et > Me.

The higher reactivity of vinylic chlorosilanes in certain active metal
reactions has been noted. For example, MeSiHCl, Me3SiCl, and CHo=CHCHpSiMeoCl
are not individually dechlorinated by magnesium in THF to form the corresponding
disilanes,6 while CHp=CHSiMe;Cl yields (CHp=CHSiMe)2.6:7 The high reactivity
shown by CHp=CHSiMeCl, in the present work is not reflected by CHo=CHSiMeoCl,
suggesting several subtle effects on chlorosilane reactivity, including steric
and electronic factors, solubility of reactive intermediates, condition of
active metal surface, agitation effects, role of solvents, and so on.
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MECHANISTIC CONSIDERATIONS

While sodium does not cause reactions of CHp=CHSi®™ groups, it is known
to cause disilylation of hydrocarbon olefins, such as styrene® or isoprene.
The authors propose that such reactions begin with electron transfer from sodium

2Me3SiCl + CHp=CHF 2+ MesSiCH,CHESIMes
THF

2Me3SiCl + CHy=CHCMe=CHy 2+ Me3SiCH,CH=CMeCHoSiMes
THF

to the olefin, followed by attack of the resulcant anion radical on an ®SiCl
gruup, a second electron transfer to the monosilylated intermediate and attack
on a second ®SiCl group. The end result is formation of two ®SiC® bonds, or
disilylation.

It is also known that magnesium causes disilylation of CHp=CHSiMesz in
hexamethylphosphoramide (HMPA), with FeCls as a catalyst.4 This reaction may

2Me3SiCl + CHy=CHSiMes ﬁ&gﬂ» Me3SiCHCH(SiMes);
3

occur by Michael addition of the anionic species, Me3SngCl,1O to the CHp=CHSi®
group, followed by attack of the resultant carbanion on Me3SiCl. The same reac-
tion does not occur in THF.

It appears that the electron transfer mechanism may be controlled by
the respective oxidation potentials of the active metals, and the reduction
potentials of the olefinic reactants. Thus, K may cause disilylation of

Oxidation Potentials 11 Reduction Potentials 12
Potassium 2.925 volts CHo=CHSiMes3 Unknown (high)
Sodium 2.714 volts CHo=CHCMe=CHp 2.6-2.7 volts
Magnesium 2.37 volts CHo=CHZ 2.4-2.6 volts

CHp=CHSiMe3 in THF by electron transfer, while Na and Mg do not, and both Na and
K3 cause disilylation of styrene and isoprene. Indeed, CHp=CHSiMez can be pre-
pared in the presence of sodium.l3

Note that while CHp=CHSiMez is disilylated by MezSiCl with Mg in HMPA,4
vinylic disilanes can be prepared using Mg in THF7 (no reaction of CHp=CHSi®
groups). One concludes that CHp=CHSi® groups may be disilylated by two

CHp=CHSiMeoSiMes MILTHE o crisive,cl ML (CHo=CHSIMeS),
Me3SiCl THF

different mechanisms, neither of which is operative with sodium in blended
hydrocarbon/THF solvents.

B e
FPRE VAT TS B’
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SOLVENT CONSIDERATIONS

The 7/1 toluene/THF blend ratio was selected to provide a solvent
medium which had a reflux temperature14 above the melting point of sodium.
Equivalent blends of xylenes or octane with THF were also effective. The
ethereal portion of the blend plays a significant role in providing useful pro-
ducts, since chlorosilane reactivities vary in its presence or absence. For
example, the reaction of 1.5/1 Me3SiCl/CHp=CHSiMeCl, with sodium in toluene
alone provides 27.9% of volatile/%onvolatile soluble products and 31.9% of inso-
luble solid product. The same reaction, run in 7/1 toluene/THF, yields 65.5% of
soluble products and 4.5% of insoluble solid. Similarly a reaction of 0.5/1/1
Me3SiCl/Me;SiCly/CHo=CHSiMeCly with sodium provides 62.9% of insoluble solid in
toluene alone, and 78.3% of soluble products in 7/1 toluene/THF. THF causes
more efficient incorporation of molecular weight-limiting MesSi- groups, with
resultant higher yields of soluble products. The latter are desirable in terms
of polymer procesing properties, relative to insoluble, infusible solids.

THF is known to provide improved reactivity for other reactions
involving sodium. The isoprenylation of arenes, as catalyzed by sodium naphtha-
lene, proceeds more rapidly and under milder conditions when arene/THF blends
are used.

Both arenes and THF are incorporated into by-products to minor extents.
A cleavage product of THF, Me3Si(CHp),0SiMes,l6 is observed and is converted to
Me3Si(CHp)40H by the hydrolytic workup. Silylated arenes, ArCHpSiMes, have also
been noted at low levels by GC/MS and NMR analyses. The degree of solvent
incorporation is higher for slower reactions, such as Me3SiCl/EtSiMeCls, and is
higher for toluenme than for xylenes.

HYDROSILYL MODIFICATION

As in earlier preceramic polymers prepared under this contract,2,3 the
incorporation of hydrosilyl groups (the use of MeSiMCl, as a comonomer) provides
improved ceramic yields. The degree of retention of *SiH groups during synthe-
sis has not been established, but is higher than the 20% seen with potassium.
The high yield (74%) preparation of HMeZSiSiMe2H17 suggests that ®SiH retention

HMe,S1SiMepH N2 meosinel SEHEL (ve,si)g

is quite good. It should be noted that lithium causes complete loss of ®SiH
groups from Me,SiHC1.18

POLYMER PREPARATIONS

A variety of polymers were prepared with different monomers, different
monomer ratios, and under different reaction conditions to roughly optimize (or
compromise) high yields of tractable precursor polymer with high ceramic yields.
Good performance was obtained at 0.85/0.3/1.0 Me3SiCl/MeSiHC1/CHo=CHSiMeCl,
using either 7/1 toluene/THF or xylenes/THF. VYields of 60-65% of soluble solid

o m——————— v - - -
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0.85 MesSiCl 10-15% volatiles )
0.3 Me3iHC1 arene/THF, o5 c5x soluble Solid —290° . »sic™
1.0 CH2=CHS§MeClQ Na <5% Insoluble Solid 55-60%

are routinely obtained and consistently convert to 55-60% yields of SiC ceramic
composition. Baoth the ceramic yield and quality are improvements over those
obtained with K-derived polycarbosilanes.l

CROSSLINKING CHEMISTRY

The vinylic polysilanes crosslink, or thermoset at temperatures in the
| 200-240° range. The crosslinking reaction does not involve oxygen incorporation
or weight loss, and appears to be a combination of ®SiH/CH2=CHSi® addition and
CHo=CHSi® polymerization reactions. When a mixture of roughly equivalent
amounts of three liquid compounds, MezSi(SiMeH)y(SiMeCH=CH;),SiMes, where x = O,
y=23x=1,y=2; and x =0, y =3 (isolated by distillation from a typical
polymer preparation) is heated under nitrogen to 220°, a soluble solid is formed
in which all of the ®SiH groups and 60% of the vinyl groups have reacted. Since
the latter were present in large molar excess, their consumption by vinyl poly-
merization as well as by ®SiH addition is implicated and is confirmed by NMR
analysis. Polymerization of 2-vinyl-1,1,1,2,3,3,3-heptamethyltrisilane through
the vinyl groups is believed to be responsible for its high ceramic yield.19

PYROLYSIS CHEMISTRY

The reactions which occur up to 240°C have been discussed above under
crosslinking chemistry. Additional reactions occur as the temperature is
raised, with vinyl groups being totally reacted by 350°,20 Hydrosilyl groups
reappear at 350°, probably due to the rearrangement of ®SiCHsz groups to =HSiCHp-
groups, as noted by Yajima.2l weight loss due to thermal decomposition becomes
fairly rapid above 400° and is essentially complete around 600°. There is
little weight change from 600° - 1200°, with the major change being conversion of
amorphous SiC to microcrystalline B-SiC. These changes are summarized in a
typical TGA scan (see Figure 1).

The condensable volatile products from pyrolyses have been collected
and analyzed by GCMS and NMR. Quite surprisingly, volatile pyrolysis products
from Na-derived polysilanes and K-derived polycarbosilanes! are virtually

Vinylic Na Me3SiCl K Polycarbosilane

——

Polysilane  arene/THF  CH>=CHSIMeCI, THF

®SiC" + volatile Products
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identical (as are the “SiC" compositions) as analyzed. This suggests that the
radically different structures of vinylic polysilanes and polycarbosilanes may
convert to a common intermediate at some point during pyrolyses. Further
investigation is clearly needed, and is planned.

ANALYTICAL CONSIDERATIONS

The vinylic polysilanes are not analytically pure, due to some oxygen
incorporation during hydrolytic workup and some solvent incorporation during
synthesis. The problem is further complicated by the facts that preceramic
polymers are difficult to combust completely, that the monomers charged are
incorporated into products to extents varying with their respective reac-
tivities, and that some of the products are removed as volatiles. For example,
the product of the reaction of 1.5/1 Me3SiCl/CHp=CHSiMeCl, has the average
empirical formula or structure of MezSi(SiMeCH=CH2)], K 33SiMez, with calculated
elemental contents of 50.14% C, 10.86% H, 39.00% Si, and 0.00% of O and Cl. The
values found are 46.71% C, 9.42% H, 37.95% Si, 0.12% Cl, and 5.80% 0 (latter by
difference).22

Ceramic analyses are also difficult, with traditional modes of SiC
analyses not being applicable to organosilicon-derived SiC compositions. The SiC
samples as prepared are not homogeneous, for example, and while pieces as pre-
pared are stable in air to 1000°C, crushed pieces with fresh surfaces undergo
oxidation in air, showing weight loss as carbon is oxidized to volatile CO;, and
weight gain as silicon is oxidized to nonvolatile Si0p. This problem was disco-
vered by Coors Spectrochemical Laboratories, while attempting to amalyze our
experimental samples. The TGA curves of a typical SiC sample, uncrushed and
crushed, are shown in Figure II (A and B).

Although the structures of the vinylic polysilanes have been clarified
by model reactions and instrumental analyses of volatile products, it was
decided to assess ®SiSi® bond cleavage as a means of converting polysilanes into
easily identifiable monomeric units. A Dow Corning patent23 disclosed the use
of palladium on charcoal (Pd/C) as a means of quantitatively cleaving ®SiSi®
bonds in alcochols with formation of the corresponding alkoxysilanes and

25i5i® + 2R0H —3LC s 2mSioR + Hy

hydrogen. Volatile vinylic polysilanes underwent this reaction with two major
complications. First, the vinyl groups were reduced to ethyl groups, such that
-MeSiCH=CHy- units yielded EtSiMe(OMe); when methanol was used. Vinyl groups
were also reduced without cleavage, yielding ethylmethylpolysilanes which were
T
He3S1(51)z5ives LI, Messiome + EtSiMe(OMe)y + e3S1(51)z51me3
Me

CH=CHo Et
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very slowly cleaved, even under reflux conditions. Secondly, ®SiH groups
also react, such that -MeSiH- units yield MeSi(OMe)z with MeOH.

Cleavage of the single ®SiSi® bond in the model compound/reaction shown
was also very slow (13% conversion of starting material after 13 hr at reflux).

Me;SiCHQ(IIHSiMeZSiMe3 PA/E_, vessiome + Me;SiCHZCIHSiMeZOMe
MeOH
SiMes SiMex

Our results with Pd/C were exactly consistent with those of Kumada24 on cleavage
of vinylic di- and trisilanes with soluble palladium metal catalysts.

CONCLUSIONS

Sodium metal in arene/THF blends effectively dechlorinates mixtures of
CHo=CHSiMeCl, with other chlorosilanes to yield vinylic polysilanes which are
very effective precursors for SiC. This is the most economically feasible and
safest approach to preceramic polymers for SiC yet developed in this program.
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EXPERIMENTAL SECTION

All chlorosilanes were freshly distilled before use. THF and arenes
were reagent grade, dried over Linde 4A molecular sieves. Na metal was
purchased and used as practical grade ingots. All Na transfers and reactions
were run under nitrogen, as were pyrolyses to 700°. Pyrolyses to 1200° were run
under argon. Routine NMR analyses were run on a Perkin-Elmer R24A spectrometer;
VPC analysis were rum on a Hewlett-Packard 5840A gas chromatograph. Pyrolyses
to 700° were run in quartz reactors in a Lindberg 54242 tube furnace, and to
1200° in a Lindberg 54233 furnace in alumina reactors. Both furnaces have
programmable controllers, allowing attendant-free operation. Heating programs
are summarized in Reference 1b. Conversions of precursors to microcrystalline
B-SiC compositions were confirmed by x-ray diffraction.26
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Reaction of 4/3 Me3SiCl/CHp=CHSiMeCl, with Na in 7/1 Xylenes/THF

In a 11 3NRB flask were combined 338.3g xylenes and 48.5g THF. Na was
added a chunks (23.3g, 1.0 mol) in a dry box under nitrogen. Flask was trans-
ferred to a hood and fitted with mantle, mechanical stirrer (stainless steel
blade), thermometer, addition funnel, Dewar condenser (filled with toluene
cooled by ice water immersion coil), and N flow valves. Heat was applied to
112°, melting the Na, and 43.0g (0.4 mol) of Me3SiCl added over 1 hr with
constant heating, and heating continued at 106-108° for four hours. VPC analy-
sis showed no reaction was occurring. Heating at reflux was resumed and 42.3?
(0.3 mol) of CHp=CHSiMeCl, added in 15 min. Reflux temperature rose from 106
to 112° during addition, and to 114° after 5 hrs. additional heating at reflux.
After cooling on wet ice bath, reaction was terminated by addition of 5.73g
(0.32 mol) of Hp0 in 10.9g THF. MgSO4 (45.5g) was added and the mixture stirred
briefly, followed by filtration to remove solids, washing of filtrate with 70 ml
7/1 xylenes/THF, and refiltration. The solids were treated with water in a
waring blender, leaving insoluble solid product (1.8g, 3.6% yield after washing
and vacuum drying). The organic mixture was stripped and vacuum distilled,
yielding volatile products (25.63g up to 96°/0.52 mm, 51.1%) and heavies
(23.73qg, 47.3%).

The volatile fractions analyzed as follows in terms of weights and
yields:

12.7g (Me3Si)o0 - 39.2% based on MezSiCl
1.17g Me3Si(CHp)4OH - 2.0% based on MesSiCl
0.23g (Me3Si)oSiMeCH=CHo

0.08g (Me3Si)oSiMeCHoCHs

0.16g xylyl-SiMes isomers

8.63g MesSi(SiMeCH=CHo)oSiMes - 20.1%
0.51g Me3Si(SiMeCHpCH3)oSiMes

0.17g unknowns

1.98g Me3Si(SiMeCH=CHy)3SiMes - 5.6%
25.63g

The heavies, by VPC estimate, contained 1.95g of the last compound,
Me3S1(SiMeCH=CH,)3SiMes.

Pyrolysis of the heavies to 1200° in two steps provided 47.1% of SiC
composition.

Reaction of 2/1 Me3SiCl/CHp=CHSiMeCly with Na in Toluene/THF

The above procedure was followed with 171.6g of toluene, 26.6g of THF,
34.0g (1.48 mol) of Na, 76.4 (0.7 mol) of Me3SiCl, and 49.7g (0.35 mol) of
CHo=CHSiMeCl,, except that the chlorosilanes were added as a mixture. Workup
yielded volatile products, 15.5% yield, b.p. up to 71°/0.03mm, and 35.6% of
thermoplastic solid. Pyrolysis of the latter to 1200° yielded 38.5% of SiC com-
position. The polymer consisted primarily qf MesSi- units and -MeSi{CH=CHjp)-
units; the major liquid products were Me3SilSiMe(CH=CHp)JxSiMes where x is 2 or
3.
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Reaction of 1.5/1 Me3SiCl/CHp=CHSiMeCl, with Na in Toluene/THF

The procedure of the last reaction was employed with 170.7g of toluene,
25.4g of THF, 25.0g (1.09 mol) of Na, 48.1g (0.44 mol) of Mes3SiCl, and 4l.9g
(0.3 mol) of CHp=CHSiMeCl,. Workup yielded 2.4g (4.5%) of insoluble solid pro-
duct, 21.8g (41.2%) of soluble polymer, and 12.9g (24.3%) of volatile product,
b.p. up to 115°/0.56mm. The products were structurally the same as those of the
previous reaction. Pyrolysis of the soluble solid polymer (elemental analysis
in text) to 1200° yielded 47.9% of SiC composition. Eguivalent results were
obtained when octane was substituted for toluene in the above reaction, and when
xylenes were substituted for toluene. When the reaction was repeated in toluene
alone (no THF), yields of 31.9% of insoluble solid, 20.8% of nonvolatile polymer
(49.6% SiC yield, 1200°), and 7.2% of volatile products, b.p. up to 107°/0.05mm,
were obtained.

Reaction of 0.85/0.3/1.0 Me3SiClMeoSiCly/CH:  45iMeCly with Na in
XYISnEs/THRF -

The procedure of the previous reaction was u 4 .ginning with 510.2g
of xylenes, 77.2g of THF, 91.1g (3.96 mol) of Na, 100.  (0.93 mol) of MeszSiCl,
42.4g (0.33 mol) of MepSiCly, and 154.2g (1.09 mol) of CHp=CHSiMeCl,. Workup
yielded 33.2g (20.3%) of volatile products, b.p. up to 128°/1.5mm and 103.7q
(63.5%) of nonvolatile polymer. Pyrolysis of the latter to 1200° provided 49.5%
of SiC composition.

Reaction of 1/1 Me3zSiCl/CHp=CHSiMeCl, with Na in Xylenes/THF

The procedures of the previous reaction were followed using 510.1g of
xylenes, 76.5q of THF, 96.8g (4.21 mol) of Na, 145.0g (1.34 mol) of Me3SiCl, and
188.4g (1.34 maol) of CHp=CHSiMeClp. Workup yielded 57.4g (30.0%) of nonvolatile
soluble polymer, and 47.6g (24.9%) of liquid products, b.p. up to 132°/1.0mm.
Pyrolysis of the soluble solid to 1200° yielded 41.6% of SiC composition.
Pyrolysis of a liquid fraction, b.p. 106-132°/1.0mm, consisting primarily of
Me;SitSiMe(CH:CHg) xSiMes, where x = 2 (24.1%), and x = 3 (69.6%), to 1200° pro-
vided 20.1% of SiC composition.

Reaction of 1/1 Me3SiCly/CHp=CHSiMeCl, with Na in Xylenes/THF

The same procedure was used with 516.1g of xylenes, 75.9g of THF,
107.9g (4.69 mol) of Na, 1l44.1g (1.12 mol) of MepSiCly, and 157.5g (1.12 mol) of
CHp=CHSiMeCl,. Workup yielded 23.7g (16.6%) of insoluble solid, 57.4g (40.1%)
of soluble solid, and l.4g (1.0%) of volatiles, b.p. up to 95°/1.0mm.

Respective 1200° pyrolyses of the soluble and insoluble solids provided SiC com-
position yields of 49.6% and 56.6%.

Reaction of 0.5/1/1 MexSiCl/Me;SiCl,/CHp=CHSiMeCl, with Na in

The above procedure and workup, beginning with 339.6g of toluene, 50.lg
of THF, 72.9g (3.17 mol) of Na, 32.8g (0.30 mol) of Me;SiCl 7?.13%50.?1 mol) of
Me,Siclz, and 85.2g (0.60 mol) of CHp=CHSiMeClo, yleldéd a.5g 4. o}
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insoluble solid, 66.69 (67.0%) of soluble solid, and 11.3g (11.3%) of volatile pro-
/

ducts, b.p. up to 102°/0.73 mm. Pyrolysis of the soluble solid to 1200° yielded
43.5% of SiC composition.

The same reaction, run using toluene alone (no THF) yielded 62.9% of
inscluble solid.

Reaction of 1/1/1 CHp=CHSiMeoClMepSiCly/CHo=CHSiMeCly with Na in
ToIusne/ THF

The usual procedure and workup, starting with 347.4g of toluene, 51.5g
of THF, 56.5g (2.46 mol) of Na, 56.4g (0.47 mol) of CHp=CHSiMeoCl, 60.3g (0.47
mol) of MepSiClp, and 65.9g (0.47 mal) of CH=CHSiMeCly, provided 5.2g (5.2%) of
insoluble solid, 58.8g (59.0%) of soluble solid, and 23.9g (23.9%) of volatile
products. Pyrolysis of the soluble solid to 1200° yielded 40.7% of SiC com-
position. The volatile products, by GCMS analysis, included

CH2=CHSiMeziSiMe )xSiMesCH=CHp where x = 1, 2, or 3,
CHp=CHSiMeo SiMe%CH:CHQ xSiMeo-CH=CHy where x = 1,2,er3 and
CHp=CHSiMe(SiMep)y [SiMe(CH=CH3 ) SiMes where x = 1 or 2.

Reaction of 0.5/0.5/1 Me3SiClMe,SiCly/CHp=CHSiMeCly with Na in

ZZIET i§S7 [laid

The usual procedure and workup, beginning with the title monomer ratio,
provided 15.2% of volatiles, b.p. up to 130°/1.3mm, 54.3% of soluble solid, and
5.6% of insoluble solid. Pyrolysis of the soluble solid to 1200° provided 51.0%
of SiC composition.

Reaction of 1/1 MepSiHC1/CHp=CHSiMeCly with Na in Xylenes/THF

The usual procedure was folluwed using 339.8g of xylenes, 51.4g of
THF, 42.3g (1.84 mol) of Na, 55.3g (0.58 mol) of MepSiHC1, and 82.4g (0.58 mol)
of CHp=CHSiMeCly. Workup provided 12.1g (16.1%) of liquid products, 45.9g
(60.9 %) of soluble solid, and several g of insoluble solid. Pyrolysis of the
soluble solid to 1200° yielded 42.2% of SiC composition. The major volatile
product, b.p. 58°/0.69mm, was identified as HMepSilSiMe(CH=CH;)J,SiMeoH by
GC/MS and NMR.

Reaction of 1/1 CHp=CHSiMeoCl/CHp=CHSiMeCly with Na in Toluene/THF

The usual procedure and workup, starting with 346.0g of toluene, 52.7g
of THF, 42.2g (1.84 mol) of Na, 70.4g (0.58 mol) of CHp=CHSiMeoCl, and 82.2g
(0.58 mol) of CHp=CHSiMeCl,, yielded 4.9g (5.4%) of volatiles, b.p. up to
100°/0.78mm, 18.3g (20.3%) of nonvolatile polymer, and 19.1g (21.1%) of inso-
luble solid. Pyrolysis of. the soluble solid to 1200° provided 44.4% of SiC
composition. '

fv__\- - e

VO

PIS 2V N

ISR P




ORGANOSILANE POLYMERS, VII 11

REFERENCES

la,

b.
c.

11.

12.

13.

14.
15.
16.
17.
18.
19.
20.

c.

L. Schilling, Jr., J. P. Wesson, and T. C. williams, Am. Ceram. Soc.

8ull., 62, 912 (1983).

3.

Poly. Sci., Polymer Symposia, in press.

ONR Technical Report, TR-80-1; Chem. Abstr., 95, 170175q (1981).

cC.

L. Schilling and 7. C. williams, ONR Technical Report, TR-83-1,

September 1983.

cC.

L. Schilling and 7. C. williams, ONR Technical Report, TR-83-2,

September 1983.

J.
M.
V.
J.

D.

Dunogues et. al., Compt. Rend., 278C, 467 (1974).

P. Brown and G. W. A. Fowles, J. Chem. Soc., 1958, p 28l1.

F. Mironov et al., J. Gen. Chem. USSR, 47, 1606 (1977).

A. Soderquist and A. Hassner, J. Organometal. Chem., 156, 227 (1978).

R. Weyenberg et. al., J. Org. Chem., 30, 4096 (1965).

U.S. patent 3,187,031; June 1, 1965.

0.
u.

L.

R. Weyenberg et. al., J. Org. Chem., 33, 1975 (1968).
S. Patent 3,187,032; June 1, 1965.

Rosch et. al., Z. Naturforsch, B, 3lb, 281 (1976).

Oxidation potentials from Chemical Rubber Handbook.

Reduction potentials as polargraphic half-wave potentials from Handbood of
Organic Electrochemistry.

I.

Simek and J. Alac, Chem. zvesti, 15, 378 (1961); Chem. Abstr., 55,

22102b (1961).

R.
S.
w.
P.
LB

B.

Rivenq, Bull. Soc. Chim. France, 1975, p 2433.

Watanabe et. al., Synt hesis, 1971, p 375.

Steudel and H. Gilman, J. Am. Chem. Soc., 83, 6129 (1960).

Gerval et. al., Bull. Soc. Chim. France, 1974, p 1548.

Peterson and B. Arkles, U. S. Patent 4,276,424; June 30, 1981.

E. walker, R. Rice, et. al., Am. Ceram. Soc. Bull., 62, 916 (1983).

Thermal chemistry at 350° and above was assessed by IR study of thin films
by the Central Scientific Laboratory.

Sy

s\

Seindin,

.




ORGANOSILANE POLYMERS, VII

21.
22.
23,
24.
25.

26.

S. Jajima et. al., u. Mater. Sci., 15, 720 (1980).

Elemental anayses by Galbraith Laboratories, Knoxville, Tennessee.

W. H. Atwell, U. S. Patent 3,576,035; April 20, 1971.

K. Yamamoto, M. Kumada, et. al., J. Organometal. Chem., 13, 329 (1968).
C. L. Schilling, ONR Technical Report TR-82-1, December 1982.

S. vajima et. al., Nature, 279, 706 (1979).

12

pr—— s

e onan s i

Cama e _am




’F"'"""'""""'"'""'F""."""'-"--H--HM--anu---:,

Figure 1 ' 13
ORGANOSILANE POLYMERS, VII _
TGA of Vinylic Polysilane
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Figure [IB

ORGANOSILANE POLYMERS, VII

TGA of Crushed SiC Sample

25 nI 1515131 ps8 (1T A /A8 . @aS Bay gRe
L T ﬂ«ﬂ:f ‘% T [HR S X “,.ﬁ. ol i K R
1 i ol 1T My 124 (] i
A.MA LJ__“ “ : rL.1 c_ d T ‘J
LR A i
8 L€ it i i
Jal /i {
m | _¥ I ik Hiii
e Ll ‘}‘T, i U it i O
! | { j . _ il LR EER I I
‘n ““ : L_ i rﬂi iR ush ' it : T N J_
l |
/ xﬂ | w
¥ "BE it 66
) w
7Tf I il 1 W
8 ‘8 A X e e eqrat e o A 8
f / ] N I s o iy TP e * | I Al |
N 7 i ‘ | s (i i il \E
IM ; ‘: | AL Mo3pusdg m
N.am& A ¥ VIL NOSNINLYA'L 28°S3 'o1v4 ['0
ol o e 25118191 Wwy)  2g-3o0-1 e3e(
T . :
il NIN/YIV SJJIBE NIW/J @1 =30y ﬁ
9 '6E | Al Sw gg-ge mwzyg [P
b i i ¥30M0d 2E “1E-LELB 2@ 5] se(dwog
T
LA
gy




0L/413/83/01
GEN/413-2

TECHNICAL REPORT DISTRIBUTION LIST, GEN

Office of Naval Research
Attn: Code 413

800 N. Quincy Street
Arlington, Virginia 22217

ONR Pasadena Detachment
Attn: Dr. R, J. Marcus
1030 £ast Green Street
Pasadena, California 91106

Commander, Naval Air Systems
Command

Attn: Code 310C (H. Rosenwasser)

Washington, D.C. 20360

Naval Civil Engineering Laboratory

Attn: Dr. R, W. Drisko
Port Hueneme, California 93401

Superintendent

Chemistry Division, Code 6100
Naval Research Laboratory
Washington, D.C. 20375

Defense Technical Information Center

Building 5, Cameron Station
Alexandria, Virginia 22314

DTNSRDC

Attn: DOr. G, Bosmajian
Applied Chemistry Division
Annapolis, Maryland 21401

Naval Ocean Svstems Center
Attn: DOr. S. Yamamoto
Marine Sciences Division
San Diego, California 91232

No.
Copies

2

Copies

Naval Ocean Systems Center
Attn: Technical Library
San Diego, California 92152

Naval Weapons Center

Attn: Or. A. B, Amster
Chemistry Division

China Lake, California 93555

Scientific Advisor

Commandant of the Marine Corps
Code RD-1

Washington, D.C. 20380

Dean William Tolles
Naval Postgraduate School
Monterey, California 93940

U.S. Army Research Office

Attn: CRD-AA-IP

P.0. Box 12211

Research Triangle Park, NC 27709

Mr. Vincent Schaper
DTNSRDC Code 2830
Annapolis, Maryland 21402

Mr. John Boyle

Materials Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112

Mr. A. M, Anzalone
Administrative Librarian
PLASTEC/ARRADCOM

B1dg 3401

Dover, New Jersey (7801

e




DL/413/83/01

356B/413-2

TECHNICAL REPORT DISTRIBUTION LIST, 3568

Tarrytown Technical Center
Tarrytown, New York

Dr. A. G. MacDiarmid

Department of Chemistry
University of Pennsylvania
Philadelphia, Pensylvania 19174

Dr. €. Fischer, Code 2853

Naval Ship Research and
Development Center

Annapolis, Maryland 21402

Dr, H. Allcock

Department of Chemistry

Pennsylvania State University
University Park, Pennsylvania 16802

Dr. M. Kennrey

Department of Chemistry
Case Western University
Cleveland, Ohio 44106

Dr. R. Lenz

Department of Chemistry
University of Massachusetts
Amherst, Massachusetts 01002

Dr. M. David Curtis
Department of Chemistry
University of Michigan
Ann Arbor, Michigan 48105

NASA-Lewis Research Center

Attn: Dr. T. 7. Serafini, MS 49-.1
21000 Brookpark Road

Cleveland, Ohio 44135

Dr. J. Griffith

Naval Research Laboratory
Chemistry Section, Code 6120
Washington, D.C. 20375

Professor G. Wnek
Department of Materials Science
and Engineering
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Dr. R. Soulen

Contract Research Department
Pennwalt Corporation

900 First Avenue

King of Prussia, Pennsylvania

Dr. G. Goodman

Globe-Union Incorporated
5757 North Green Bay Avenue
Milwaukee, Wisconsin 53201

Dr. Martin H. Kaufman

Code 38506

Naval Weapons Center

China Lake, California 93555

Dr. C. Allen

Department of Chemistry
University of Vermont
Burlington, Vermont 05401

Professor R. Drago
Department of Chemistry
University of Florida
Gainesville, Florida 32611

Dr. D. L. Venezky

Code 6130

Naval Research Laboratory
Washington, D.C. 20375

Professor T. Katz
Department of Chemistry
Columbia University

New York, New York 10027

Professor James Chien
Department of Chemistry
University of Massachusetts
Arherst, Massachusetts 01002

Professor J. Salamone
Department of Chemistry
University of Lowell

Lowell, Massachusetts 018548

Dr. S. Cooper

Department of Chemistry
University of Wisconsin
750 University Avenue
Madison, Wisconsin 53706

19406




OL/413/83/01
3568/413-2
! TECHNICAL REPORT DISTRIBUTION LIST, 3568
%
E Professor D. Grubb Professor H. Hall
Department of Materials Science Department of Chemistry
and Engineering University of Arizona !
Cornell University Tucson, Arizona 85721
{thaca, New York 14853 -
P
Professor T. Marks Professor G. Whitesides
Department of Chemistry Department of Chemistry
Northwestern University Harvard University !
Evanston, I1linois 60201 Cambridge, Massachusetts 02138
Professor C. Chung Professor H. Ishida
Department of Materials Engineering Department of Macromolecular Science
Rensselaer Polytechnic Institute Case Western University
Troy, New York 12181 Cleveland, Ohio 44106
Professor Malcolm B. Polk Dr. K. Paciorek
Department of Chemistry Utrasystems, Inc.
Atlanta University P.0. Box 19605
Atlanta, Georgia 30314 . Irvine, California 92715
Dr. D. B. Cotts Professor D. Sevferth
SRI International Department of Chemistry
333 Ravenswood Avenue Massachusetts Institute of Technology
Menlo Park, California 94205 Cambridge, Massachusetts 02139
Or. Kurt Baum Dr. G. Bryan Street
Fluorochem, Inc. 1BM Research Laboratory, K32/281
680 S. Ayon Avenue San Jose, California 95193

Azuza, California 91702

CAPT J. J. Auborn, USNR
AT&T Bell Laboratories
Room 6F-211

600 Mountain Avenue

Muday Hill, New Jersey 07974
A




