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Novel Polysilamethylenosilanes;
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Novel polysilamethylenosilanes (PSMS) were prepared by Wurtz type co-condensation of various mixtures of 2,4,4,6-
tetrachloro-2,6-dimethyl-2,4,6-trisilaheptane (TSH) and dimethyldichlorosilane (D). When TSH was incorperated more
than 25 mole%, PSMS polymers were soluble in common organic solvents probably due to the polycarbosilane linkage
brought from TSH. The molecular weights of the polymer were measured by gel permeation chromatography and
showed higher molecular weight with high TSH content. The thermal gravimetric residues increased as TSH contents
increased. These properties suggested that PSMS polymers could be useful as ceramic precursors for silicon carbide.

Introduction

The polysilane processing route to silicon carbide has re-

cei

ved an exploratory research interest in industry and in

academic sector' as well since Yajima ef a/. reported the

uti

lization of dimethyipolysilane as the silicon carbide pre-
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cursor in 1975272 Yajima process, however, suffers from se-
veral shortcomings. The difficult separation of the product
from the reaction mixture due to the insolubility of dimethyl-
polysilanes is the major problem.

West reported soluble polysilanes prepared from meth-
ylphenyldichlorosilane instead of dimethyldichlorosilane*™5
Schilling ¢f al. used methylvinyldichlorosilane and methyldi-
chlorosilane in addition to dimethyldichlorosilane as the sta-
rting materials to prepare soluble polymer procursors for
silicon carbide.®~7 The preducts obtained from the mixture
of these chlorosilanes have polysilane linkages and polycar-
bosilane linkages as well due to the involvement of vinyl
group in the dechlorination reaction giving Si-C-C-5i linkage.

We wish to report new organosilicon polymeric precursors
for silicon carbide which are soluble in most of common
organic solvents, Mixtures of chlorotrisilaheptanes and dime-
thyldichlorosilane were dechlorinated with sodium metal in
an appropriate solvent to give polysilamethylenosilanes.

Experimental

Reagents and Solvents. 24.4,6-Tetrachloro-26-dime-
thyl-2.4,6-trisilaheptane (TSH) was prepared from the direct
reaction of a-chloromethyldimethylchlorosilane with metallic
silicon in the presence of copper catalyst’. Dimethyldichloro-
silane (D) was purchased from Petrarch Co. (USA) and so-
dium from Jansson Co. (Germany). Toluene was purchased
from Dong Yang Chemical Co. (Korea), dried over sodium
/benzophenone and distilled before use.

Physical Measurements. Structural characterizations
were performed by typical spectroscopic techniques such as
NMR (Jeol JNM-PMX 60, 60 MHz: Varian Gemini 300, 300
MHz} and FT-IR (Analect FX-6160). Molecular weights were
determined by Gel Permeation Chromatography (Waters 590)
with three columns of pore size 10¢, 10°, 500 A with 1 m//min
toluene eluent, equipped with a differential refractometer
detector. Molecular weights were calculated using a calibra-
tion curve obtained from the polystyrene standards. Thermog-
vavimetric analysis {TGA) was performed with a Perkin-El-
mer TGS-2 with N, flowing. Heating rate was 5C/min over
the ranges of 50-950C.

Synthesis of Polysilamethylenosilane. A 500 m/
round bottom, three neck flask was equipped with a mecha-
nical stirrer, a pressure equalizing addition funnel and a
reflux condenser. The whole system was filled with dried
N:; and maintained N, atmosphere during the whole period
of reaction.

100 md of freshly distitled toluene was placed in the flask
and 100 g (453 mmole) of sodium, cut into small pieces,
was added. The content was heated to reflux using heating
mantle with vigorous agitation to disperse sodium into a so-
dium sand in a refluxing toluene. Then right after heating
was stopped, the mixture of dimethyldichlorosilane (D, 15.5
g 120 mmole) and 2,4,4,6-tetrachloro-2,6-dimethyl-2.4,6-trisi-
laheptane (TSH, 12.6 g, 40 mmole) was added dropwise to
the flask with a dropping rate of which the reflux of toluene
was maintained without external heating due to exothermal
nature of the reaction. During the addition, silverly color
of sodium changed to black. After addition, heating was re-
sumed to maintain reflux of toluene for about 8 hrs. The
content was allowed to cool down to room temperature and
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Table 1. Results for the Syntheses of Polysilamethylenosila-
nes

Exot Soluble Reactants {(mol%) Product Yields (%)
Xp.
Polymer D TSH Soluble Insoluble

1 100 0 10.8 634

2 P-7 923 77 480 52.0

3 P25 75.0 250 95.0 .

4 P43 56.3 437 96.0 -

5 P-100 0 100 93.7 .

the black mixture of the product polysilamethylencsilane was
filtered through medium porosity glass filter to separate to-
luene solution of product from solid such as sodium chloride
and unreacted sodium. The residue was washed with dried
toluene several times and washing solution was combined
with filtrate. Toluene was removed from the filtrate, leaving
130 g (vield 94.9%; assuming all the chlorine was elimina-
ted) of the slightly yellow, grease-like polysilamethylenosi-
lane product. The filter residue was treated with excess
amount of ethanol and then water to destroy or dissolve
unreacted sodium or sodium chloride to recover the insolu-
ble product.

Results and Discussion

Several polysilamethylenosilanes were prepared by Wurtz
type co-condensation reaction of various compositions of 24,
4 6-tetrachloro-2,6-dimethyl-2 4,6-trisilaheptane (TSH) and
dimethyldichlorosilane (D). The distribution ratio of the solu-
ble and insoluble products according to the mixing ratio of
TSH and D were given in Table 1. In Exp. 1, formation
of dimethylpolysilane {DMPS) from the dechlorination of D
only, 634% was recovered as insoluble powder of linear pol-
ysilane and 10.8% as soluble liquid of cyclic polysilane with
small molecular weight.

CHg CHa CH3

| Na ! !
ChSi-ol ——~ —(—:ls»——)— + lSi——)—

CHy - NaCl CHg CHy ’*

D Linear [nsoluble PS Cyclic soluble PS

It was known that the yields for the dechlorination of D
was about 50% to 80% depending on the solvent, reaction
time and alkali metals used.’ " Those white DMPS were
insoluble in common organic solvents and infusible but ther-
mally degraded to volatile, low molecular weight polysilanes
at elevated temperature. However, DMPS could be thermally
rearranged at high temperature and high pressure to polyca-
rbosilanes which were soluble in common organic solvents.
This procedure is known as Yajima's process.? When the mix-
tures of TSH and D were dechlorinated with sodium, poly-
silamethylenosilanes (PSMS) were obtained, which contained
polycarbosilane linkages in addition to the polysilane linkages
resulting from Wurtz type condensation reaction hetween si-
licon-chloride bonds, where all four chlorines of TSH and
two chlorines of D were expected to react with sodium giving
Si-Si bond formation as represented in the following scheme.
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Table 2. Properties of Polysilamethylenosilanes

Soluble polymer Mw TGA residue(%)
P-25 2,030 10
P43 4450 5.7
P-100 27,300 10.7

TGA was measured up to 950C.

-
0 10 20 a0 40

Retention time { min. )

Figure 1. Gel Permeation chromatograph of polysilamethyleno-

silanes.
CH, 1 ClvHs ?Ha
. .
*Cr§r-CH—§CHgror  + yOgiCl
CHy a CHa CH,
TSH D
CHa
ta _é CH— & CHy ,%_(. ,_)_
-NaCl ?'_ He '_ ey i
CHg CHj
PSMS

Since PSMS already possessed the polycarbosilane linka-
ges in their polymeric backbone, it should have properties
similar to plolycarbosilanes. In fact, 7.7% TSH addition to
D decreased the amount of insoluble product by more than
10% and increased soluble product by about 40%, thereby
reducing the loss during the workup to practically zero. It
was assumed that the loss was from the formation of volatile,
cyclic polysilane with low molecular weights and low boiling
points. Therefore, adding TSH, even in small quantity, pre-
vented the formation of small molecules. That could be ratio-
nalized from the structural view of TSH which had four sili-
con-~chloride bonds in one molecule. However, polysilane lin-
kages were still dominant in this composition and about a
half amount of products were obtained as insoluble produ-
cts. When TSH content was increased to 25% and above,
the PSMS products were all soluble, giving slightly yellow,
highly viscous liquids in about 95% yields.

We tried to characterize the materials since these were
new and could be used as ceramic precursors. The molecular
weights of the plolymers were listed in Table 2. Gel permea-
tion chromatograms of PSMS polymers were shown in Fi-
gure 1. Weight average molecular weights of PSMS polymers
were increasing with high TSH contents probably due to
crosslinks. Judging from the trend, it was believed that the
molecular weights of polymers could be controlled by adjus-
ting compositions of TSH and D if desirable. In case of P-
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Figure 2, Thermogravimetric curves for polysilamethylenosila-
nes,

100, higher molecular weight PSMS polymer was less soluble
in organic solvents than P-25 and P-43. In the infrared abso-
rption spectra of the PSMS, absorption at 2950 and 2900
c¢m ™} (C-H stretching), 2100 cm™!(Si-H stretching), 1400 cm ™!
(C-H deformation in Si-CHj), 1355 cm™' (CH, deformation
in Si-CH;-Si), 1260 cm™! (Si-Me deformation), 1020 cm ™' (CH,
deformation in Si-CH,-Si) and in the vicinity of 800 cm™!
(Si-Me deformation and Si-C stretching) were seen. 'H-NMR
spectra of PSMS polymers showed broad and intense peaks
at about & 0.1 ppm for protons of Si-CH; and Si-CH,-Si and
small peak at about & 4.0 ppm for proton of Si-H which
was arrived from the chain-stopping reaction by silylanions™.
BC-NMR spectra of PSMS plolymers showed broad and large
peaks in Si-C carbon region from —~10 to 15 ppm reiative
to TMS® indicating simple structures of Si and C in PSMS.
BSi-NMR spectrum of P-25 polymer showed two other peaks
at & —12 ppm and § 7 ppm respectively probably due to Si sur-
rounded with carbons beside the peaks at & —38.5 ppm due to Si
connected to Si as in polysilanes.’® The intensity of the peak
due to Si-Si was decreased by increasing TSH giving area
% for this peak to overall Si peaks 27.7% for P-25, 14.4%
for P-43 and 5.6% for P-100. This result was coincide with
the fact that polycarbosilane linkages would be increased
when TSH content was increased thereby decreasing polysi-
lane linkages.

When thermal properties of PSMS polymers were investi-
gated with TGA up to 950T with the rate of 5C/min, thermal
degradation (Figure 2) patterns for those polymers were
quite similar each other. However, when TSH content of
the polymers increased, initial degradation started at higher
temperature and gave higher residue % (Table 2) providing
a good prospect as a ceramic precursor. In case of dimethyl-
polysilanes which did not contained TSH at all, degradation
was completed at about 400C with no residue lef'.
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