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B. Research Accomplishments

1. Polysilane Synthesis and Modification

Reaction of CH3SiHCl2 with sodium in 7:1 (by volume) hexane/THF gives a liquid

polysilane. Detailed NMR studies have established a constitution

[(CH 3 SiH)x(CH 3Si)y(CH 3SiH2)z]n, where x + y + z = 1. The CH3SiH2 units are the end

groups. Conditions of the synthesis have been worked out such that x - 0.95, i.e., there is

little crosslinking. Pyrolysis of this poly(methylsilane) (to 1000*C in argon) gives a low

(~ 20%) yield of ceramic residue that contains - 74 wt % SiC and 26 wt % Si.

It was found that treatment with a catalytic quantity of a bis(cyclopentadienyl) Group IV

compound (such as [Cp2 ZrH2]2 , Cp2ZrMe2, Cp2ZrHCI and Cp2TiMe2) served to crosslink

the poly(methylsilane) such that a high (> 70%) ceramic yield was obtained and the ceramic

residue was near-stoichiometric SiC.

2. Poly(vinylsilane)

Vinyltrichlorosilane was polymerized using 60(Co y radiation. The polymer yield was

fc--rd to increase linearly with doses and about 40 Mrad was required for 50-60% yield.

Vinyltriethoxysilane was much more readily polymerized. Reduction of

poly(vinyltrichlorosilane) with LiA1H4 gave poly(vinylsilane). Detailed NMR studies

indicated a constitution

CH2--C(CH2CH)x(CH 2CH2SiH 2) H

I I
SiHl3 S:i%3

(where x >> y)

This polymer may be crosslinked using transition metal catalysis and is then an excellent SiC

precursor. Some Si-X conversion reactions Of PVSiC13 and PVSiH 3 have been studied.

3. Borasilazanes

Treatment of the polysilazane obtained by ammonolysis of CH3SiHC12,

[(CH3SiHNH)a(CH3SiN)b]n. with H3B.SMe2 resulted in evolution of hydrogen and

formation of a network polymer composed of borazine rings linked by polysilazane bridges.
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Various Si/B ratios were investigated. High ratios gave liquid products; use of increasing

amounts of BH 3-SMe 2 gave solids. Pyrolysis in an atmosphere of ammonia gave borosilicon

nitride in high ceramic yield. BH 3°NHMe 2 and BH 3,THF could be used in place of

BH 3°SMe 2. It is noteworthy that such incorporation of boron had as a consequence that

Si 3N4 had not segregated and crystallized by 1500"C.

4. An Approach to Ceramic Blends

The biscyclopentadienyldimethyl derivatives of Ti, Zr and Hf react with the

[(CH 3SiH)x(CH 3Si)yln polysilanes to give, under appropriate conditions, soluble hybrid

polymers that contain silicon and the other metal. Pyrolysis of these new polymers leaves a

ceramic residue that contains SiC and TiC (or ZiC or HfC) plus substantial amounts of free

carbon. The problem of excess C can be dealt with in two ways: (1) by pyrolyzing in a

stream of ammonia, which results in removal of carbon, but converts the transition metal

carbide to the nitride, so that SiC/MN blends result; (2) by adding sufficient metal powder to

the polymer, so that the excess carbon will react to form the metal carbide. This results in

C-free SiC/MC composites.

5. Chemistry of Cyclic Polycarbosilanes

The structure of the lithium derivative of 1,1,3,3-tetramethyl-1,3-disilacyclobutane has been

determined by X-ray diffraction (Fig. 1). The reactions of 2-lithio- 1,1,3,3,5,5-hexamethyl-

1,3,5-trisilacyclohexane with benzaldehyde, benzoyl chloride and benzonitrile have been

studied. (Schemes 1, 2 and 3).
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Research is described in the following areas: (1) synthesis and modification of a
poly(methylsilane) by treatment with catalytic quantities of a Group 4 metallocene
derivative so that pyrolysis of the modified polysilane (in argon) gives near stoichiometric
SiC. (2) Synthesis of poly(vinylsilane), [CH 2CH(SiH3)]n, and its use as a precursor for
SiC. (3) Synthesis of a class of borasilazanes. These are excellent precursors for



borosilicon nitride when their pyrolysis is effected in a stream of ammonia. (4) A
procedure for the preparation of SiC/MC (M = Ti; Zr, Hf) composites based on
modification of poly(methylsilane) by reaction with stoichiometric amounts of Cp2MMe2
and pyrolysis of the resulting polymers. Addition of a sufficient amount of the metal
powder M to polymer serves to react with excess carbon formed in pyrolysis of the
polymer, giving additional MC. (e) Studies on the chemistry and structure of cyclic
polycarbosilanes, [Me 2SiCH2]n (n = 2,3).


