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INTRODUCTION

This report is a review of the literature pertaining to two types of thermally
stable elastomers: (I) alternating copolymers of siloxane units and silylarylene bulky

groups and (2) polysilmethylenes. This effort is an expansion and continuation of
NWC TP 6372.1 Although a number of types of thermally stable elastomers were
described in that review, two promising areas for further investigation appeared to

be in the areas of copolymers of siloxane and bulky groups, such as silarylene, and
in the investigation of polysilmethylenes. The need for cost-effective preparation of

the precursors required for making these elastomers was indicated in that review.

This report describes the preparation of these two classes of elastomers. The
first type of elastomer considered here, silarylene-siloxane polymers. is prepared by
condensation polymerization of a siloxane (or di- or trisiloxane). such as dichloro-

dimethylsilane or bis(dimeth lamino)dimethylsilane, with a bis-silanol. such as
p-bis(hydroxydinmethylsilyl)benzene. In the next section of this report the preparation
and phsical properties of the known types of bis-silanols are described. Most of
these were made by Grignard methods, but there are a few examples of other

methods of preparation that could conceivably be used in large-scale production.
The various types of alternating copolymers of bis-silanols with siloxanes are
described in the third section.

The other class of thermally stable elastomers described in this report is the
polysilmethylenes. The polysilmethylene most frequently described in the literature.
polydiiethylsilmethylene, was generally prepared by the ring-opening polymerization

of 1.1.3.3-tetramethyl-l,3-disilacyclobutane. Other types of' polysilmethylenes have
been described: these were prepared by substituting another group for methyl. Tile

fourth section of this report describes the literature methods for preparation of

1.1 .3.3-tetramiiethiyl-l.3-disilacyclobuttane and other I .3-diSILIlacy ltane derivatives.
T-he fifthi section describes the literature methods for the polymeri/ation of tile "

cyclic mionomers to the polysilmethylenes andt describes the ph ,ic:al properties ol

these polymers.

3
. . .. . .
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NWC TP 6499

BIS(HY DROXYDIALKY LSILY L)ARY LEN ES

PHENYL DERIVATIVES

1?-Pheiiyl Derivatives

'fhe type of bis(hiydroxvdialk ylsilyl)arylenes most frequently described in thle
literature are those in which the arylene group is I;-phenyl. Most of the examples
of the preparation of p-bis(hydroxysilyl)benzene compounds were those that use
the Grignard reaction of j;-dibromiobenzene, magnesium, and a silane to form a
bist silyl )henzene. followed by hydrolysis to make thle corresponding bis-silanol.
Other methods were used to produce p)-bis(silyl~benzene Compounds, and these
are also described here.

p-Bistdimiethiylhydrogensilyl)benzene was prepared from thle reaction of
dimiethylchlorosilane, magnesium, and p-dibromobenzene in tetrahydrofuran (THEF) 2 -5

or in ethier.2 ,6 Another method of preparation of bis(dimiethylhlydrogenlsilyljbenzenie
%v,, the rea.:tion of I)-diehlorobenzene with diiethylchlorosilane in the presence of
dispersed sodium in octane/ether in the presence of ethyl acetate. 7 p-Bis(dimethyl-
h-vdrogensilyl)benzene is a liquid with a boiling point (bp) of' 60-61 0C/1 .5mmi, 6 and -

112-1 130C129min tiD 2 0 =1.5007, and d'5=G.8832. 2 ,3

The (Irignard preparation of j)-bis(hiydrogenmiethiylphlenylsilyl)benizene by the
reaction of p-di bromnobenzene with methylphenylchlorosilane and mlagneCsium~ in TI] F
was described :- .8 thle physical properties of the liquid were bp=6O-61I C/lI.mnm6

and I112-I1 13'C/29nm. and nlD2 5=l1.5892.8

,)-Bi ;(dipiieniylhiydrogensiI\ I )bcnzene was prepared from thle reaction of
p-di broino ben zene. magnesium, and diphlenylclhlorosilanle; 3 8,9.10,11 it is af solid with
a mlelting point (lip) of' 105-I 080C:3 .8 the infrared spectrum (IR) was described. 1 2

These bis-silanes were converted to thle bis-silanols by ethanolysis, followed by
NaOlI Iiydrolysis 2 -3 .6 .8 for example. the bis(dimiethylsilyl)benzene was reacted with
ethanol containing sodium, then NaOI-l. and neutralized With potassium dihydrogen
phosphate to make bis( dimiethiylhyNdroxysilyl )benizene. 2

Another method ot preparing p-bis(hiydroxydialkylsilyl)benizenie was the
Grignard reaction of p-dilialobenzene. magnesium, and dichlorodial kylsi lane, to make
the p-bis( chlorodialkylsilyl)benzenie. followed by hydrolysis. InI the Grignard prepa-
ration of bischlorodimethylsilyl )benizene with magnesium and dichlorod ime th N si lane,
it was found that ether was an effective solvent when p-dibroinobenzenle was
Used-:4.1 2.13.14.! 5 however, when ether was used as thle solvent with p-dichloro-
ben/enc. then only a mono-reaction took place with magnesium and] dichiorodi-
methylsilane to form p-chlorophenyl diniethylchlorosilane. However, if TIlE was

4
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used as the solvent in this reaction rather than ether, then p-bis(chlorodimethiylsilyl)
benzene was formed. 16,1 7 Bis(chlorodimethiylsilyl )benzene is a solid-, mp=85-86 0C.
bp-=101 I020C/l .01mm,4 and 150-1 55*1C!l9nin. In addition, the Grignard preparation
of p-bis(chilorodipheniylsilyl )benzenie was described, using diphienyldichiorosilane in
THE: it is a solid. mp=195-198 0C.13

Another method described (or the preparation of Ip-bis(chlorodimethiylsilyl)
benzene was tile reaction between a disilane and at dihialobenzene. Halophenyl and
p-hialotoluene were converted to the trimiethylsilyl derivatives by the reaction of thle
Iraloaryl compound with hexanethyldisilane and potassium methoxide in hexamethyl-
phiori triamide at 25TC in good yields-, the reactivity increases in the order
CI<Br-l. 18 p-IDichlorobenzene (10 In -miole). hiexamiethyldisilane (20 rnmole), and
I 'I Pd(PPh 3 )2i'l 21. autoclaved 40 hours at 200 0C, yielded a 48,*% yield of
p)-bis(trimcthiylsilyl )benizene. 19~ Under the samec reaction conditions thle Use Of
i .2-dich lorotetramnethyvld isilanti resulted in a 53"; yield of' p-bis(chlorodimiethylsilyl)
benzene.20 ,2

Chlorobenzenes and hydrosilane reacted to produce HCl and silylbenzene.
1p-Dichilorobenzene and chlorodimethylsilane (mole ratio of 1:3). upon irradiation
with 1.5-2.0 MeX' electrons in sealed ampoules at 300'C. reacted to produce
bis(chlorodimiethlylsilyl)benzenie in a maximium yield of 13%.22 Chilorophenylcehloro-
dirnethylsilanec and cliorodimieth ylsilanti reacted at 640'C for 60 seconds to produce
a 3.8,( yield of bis( cli lorodimiethiylsilyl )benzene. 23 However, heating p-dichilorobenzene
with imethiylphien i -i lorosilanie or p-ch lorophienylineth ylch lorosi lane at 6500C in a
quartz tube yielded Up1 to 25(1 p)-bis(phienylmethiylchilorosilyl)benizenle. a liquid.
bp=1l87-l96o(C/1-2mm. density 1.1815 g, cm 3. nD2 0 =1.6072.24

p)-Bis(chiloroimeithylsilyl )benlzte was converted to p-bis(hiydroxvdimiethlIsilylI
hen/erie by NAM l hydrolysis:1I2 h% the reaction with aronilium hydroxide in -

ethler:1 1w reaction wvithi ethanol and then NaOl I :4.6 and by reacting with aqueIouIs
N"10l I in ethier. 14.1 5.25.2 o For vxample. the ether solution of thle his-chioro
comnpound reacted with III anaquouIs solution of alkali at -1 20C for 1 .5 hours: the
aquelous solution of sodiumi silanohate was neutralized with dilute acetic acid.
torruingv a pure produci 27

.*irthrer inethod orm thme prepairaitioi ot' p-phicriyleredisilanes was b\ the
t I,-,na rk urretlod. using, p-dibromorber/iieri. IMUaguesium.l and dialko x dial kyIsi lanes

them Aw Usung Ous mlethod time prcplxr.ito (4bsehxdmetmliv e~n and
the :orr-cspon(it tit! met livlviriyl cornpun rd was described.1I2 'hI IF was founrd to be
the irel erred solvent ti tile ( rig riard preparation of itp-pxydilti liIvlein

,tile etum\comrpouind. fromi thle reactiorn of p-dichiloroberilzene. uravnesiuniand
~imth ~Ipnpxsiae or drrnlet 11% Idict Imo\silanle.18.2 Q lBisethmo\% dmlmthx kil% II

0'cu/eub. 1dsh0roly/ed %kithlAi ajI0 -th me i bSsilarIoh.2t) Bis(a~ko\ dllnet11\ i-
~ui Jmbeneire,%asalso cmiserted to til - rrespoIi0diuig' diaiol0 h\ ma.m~z~ml

%katler-iscible SOlvent anld a smrall irrount of' water and rI-CLmmm Aniothe.r
method to :oirvert iseiodretmki\Ihnereto tire his-silamrio l d t) re~act

. .. . . . . . . .. . . . . . . . .. . . -
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with BF 3 -etherate to form tile bis(dimethiylflulorosiiyl)benzene. followed by reaction
with ammonium hydroxide.3 1

The physical properties of a number of the p-bis(hydroxysilyl)bentene coml-
poundIs were presented. 3 - These materials are solids. For p)-bis(dimiethiylhydroxysilyl)
benzene, thle mneiting point is 136-137 0C.3 3 The IR spectra were described .4,27.32
and thle nuLclear magnetic resonance spectra (NMR) in CC14 

4 and deUterated l)MS0 6

were presented. For 1)-bis(niiethiylphienylhiydr-oxysilyl)benizenle. the IR was presented: 1 2,34
thle melting point is I128-140 0C. 1 2.33 and the I-II NMR was described. 1 2 [or
)-b~iSldiphleniylhyvdroxysilybb[enizene, the melting point is 2 24-2 26'C, 1 2.3 3 or
226-228 0 C:6 thle IR and HIl NNIR were described. 3 3 For p-bis(hydroxymethylvinyl-

sili bn~ee.thle inclting, point is 95-9 0 C.2 9

in-Phenyl D~erivatives

pz-Bis(dimethiylhiydrog-enisilyI )beir/enie was prepared f rom thle reaction of'
n-di bromobenzene. magnesium. and dinlethylchlorosilane in TH F: it is a liqIuid.

v~ha boiling point of' 58-59 0 C/l .1nmm. nl) 2 5 =1.4974. d25=08703. 8 Thle properties
of't P-bis(thioxydiiniethiylsilyl)beiizenc were presented. 3 3 Hydrolysis of this produced
tn7-bis(dIimietivjlhydroxysilyl )benizene a solid. with a melting point of 81 .5-83 0 C.8 -

mi-Bistcloroph)Ienylniethiylsilyl )benizenle was :ikewise made: it is a liquid, with a
boiling point of I 79-I 850 C'/.07inm. Thie corresponding disilanol is a solid, with a
incitine point of' 10 I-i020 C: the HI NNIR was described. 3 3

Thie reaction between mn-dibromobenzene with magnesiumn and 3.3.3-trilluoro-
p)rop~yldimiethiylclhlorosilaine in TI-IF to prepare tni-bis(3.3,3-tritIloropropylmiethiylchiloro-
,,ilvl )bclentee 3 5 and the reaction bet ween in-dibromobenzene with magnesium and
3.3.3-tritIloropropylmiethl chlorosilanie in [IF: to make ,n-bis(3,3.3-trifliaoropropyvl-
meth% lhydirogenisilyl )benizenie 3 5 .36 were described, along with the proceduire for
hyvdrolysis Of these (uIsing NaOll/Nall-P0 4 solution, with Pd/C) to make thle his-
silaiiol.3 6 Another preparation of' the bis-silanol was thle inl-situ Gigadrcto

of m-dibroniobenzene. maginesium. and dietlioxymiethiyl-(3,3 .3-trilloropropyl )siiane.
followed by hydrolysis: for tire bis-silanol. the boiling point is 140-I142'C/0.1,I mm. 3 7~

Other Bis-Silyl Benzenies

A nu1.mber of' other bis(silyl henzene derivatives have been prepared by
reactions other than the Grignard method. The reaction between chlorophenyl and
hvdrosilane grouIps was f'ound to produIce I IC and the phenylsilyl group Unider
certain conditions. The reaction between p-dichlorobenzene and trichlorosilane it
300'C and 0~0 atmospheres Under CObalt-6t) irradiation produced a 50'(' yield of
p-bisit riehlorosi Ix I lem/i /e : unrder sillilar con ditions. d inieth y Vchlorosilane prod need
a inlonosil y i'ZI b ree,. 3 1 D~ iclloroben.'enes reacted With Ii i droch lorosi lanes ( nole
ratio 1:3) inl sealed am poules under irradiation with 1 .5-2.0 MeV electrons at

6
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300'C. Under these conditions, the reaction between trichlorosilane and either mn- or
p-dichlorobenzene produced the corresponding bis(trichlorosilyl)benzene in a yield of
around 00%. In the reaction between dichloromethylsilane and dichlorobenzene, the
yield of bis(miethiyldichilorosilyl)benzenle was around 50%. for tilc para isomer. 381/(
for the meta isomer, and 18s'; for the ortho isomer. 22)

Heating p-dichlorohenzene and miethylidichilorosilane produced bis(miethyldichloro-
silylI)benze.c. along with other products.40 ,4 1 p-Dic11orobenzene/bcnzene mixture
reacted with miethyldichlorosilane at 640'C for 30 seconds to produce
pi-bis(miethiyldichilorosilyl )benizenie inl a yield of 8% 42 p-1)ichlorobcnzene/benzene
mixture reacted with trichiorosilane at 640'C and 30 seconds to produce a 15 %
yield of p-bis(trichilorosily! )henzenie .2 p-dichlorobenzene and t riclorosilane reacted
at 620-640TC to form a 21.4/( yield of p-bis(trichlorosilyl)benzene. Under these
samec conditions, a mixture of trichiorosilane and (p)-chilorophienyl)trifluorosilane
reacted to produce a 40% yield of I -tritluorosilyl-4-trichilorosiiyI benzene;
chilorophentyltriflulorosilane and dichioromethylsilane reacted lo produce a 33.37(
yield of methyldichlorosilyl trifluorosilyl benzene; trichlorosilane reacted with
I)-chilorophienyltrichlorosilane to produce a 65% yield of p-bis(trichlorosilyl)benzene;
and chilorophenyltrichiorosilane and dichioromethylsilane reacted to produce a 527%
yield of rn ethyidichlorosilyl trichiorosilyl benzene.43

A number of reactions between e(julinolar mixtures of clorohydrosilanes and
uiloriarylIalkylchilor()silanes were coniduIced at 040-C tor 60 seconds. The reaction

t'e rc iorosila tit and ch l )ouphe n \It riciorosilanec produced a 48'; yield of
rIIoro~i INl IbenCI/cuc ., (I Jchlo, I & ; 1I)hpn\i tinet hylsilanc and trichiorosilane

rrk LIu1,d a 40.2' elI ol I-i .1 ifloIrometli\ kily I 1-4-t trich lorosilylI)be nzene 'chioro-
jlicnN Ichlorodimnc thli Isilane and trichlo rosila nc produced a 1 5'( yield of I -trichioro---
\,ilvlhcten/.e clilorophtenylmlcthld(ichilorosilanie and chlorodimnethylsilane produced a
.8'~ yield of' I -dichiloroitihIsilyI1-4-chilorodimiethiylsilylbenizene, chlorophenyltri-
iethylsilanec and tric h lrosi lanti prodticed a 6. 5; y'ield of I -t rimne t IiylsilIyl-4-

cltlorosilylhenzene and a 4.3', yield of I -chilorodimlethylsilyl-4-trichlorosilylbenzene,
clhloropheinvltrimiethivlsilantc and netll'%'dichlorosilane produced a 5.6"' yield of'
It ritnet hvlIsil yl -dich loronue th l I hllcienten and an 8%, yield of Ich lorodimethvlsilyl )-

iicl\II laiuc dosil nlipuiie lia.t23)' eilh n a I1)0 \eio

/1-(eil oi odi plieii \ Isil% I -plicn% IdicliluiriviI I hen/eiue.44 I Laiui pieuxItricjlIorO',ilne to
T'('( esuted Inl a 25.25 , vield ot Iiielicr hoiliuie 11itCriil\ t1,a1 cl"I~jtcd of

his(cliloropieml I Isilx I henicnes.4 5  anld IWeating 1Iicu ILIi.,lilurosilane to 450-550W"
for 8 houMrs recsulted i dliloropiehnvlstlxNI diclilorosilx0 1)(11101iicnd hig-her-hoiling
derivati~ c'. Ileatine a 1: m nolar 11111111 0ur ofplcx dclluoiln ad NIetix ic!"Oro-
\!il rk-Silitcd in a reiulic C0itiulue iieti1IiA IrMu\I deilr1.1i'r/ri 4

lIn the rceactin hcetwecil aii aiN, IICiai aiid a L11II10iruINI I '111Cui hua\,'d1

B('11. a lixdronen in the phierix irups replacedI hN tie: elilrir1\ I rotip . 1rining
a1 silteoti-plicuxN I Ibond 4 7.4 84( Ini the direct s nthiestk preparaiinh t phicuxI

7
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trichlorosilane and diphenyldichlorosilane fromn the BC I3 -catalyzed reaction of
benzene and trichiorosilane. there were stilipot residues containing, amiong other
substances. bis(triclorosilyl)benzenc and phenyldichlorosilyl trichiorosilyl benzene
resulting from further reaction of the desired product with HSiCI 50 this residuie
constituted 5-10' , of thle products of this reaction. 5 I If anl excess of' trichlorosilane
was used in this reaction, there was a greater yield of bis(trichilorosilyl)benizene. 5 2*53

'Fhe reaction between phenyltrichlorosiiane and trichlorosilane produced primarily
bis( triclorosilyl i)benizene. sonie phenyldichlorosilyl trichlorosilyl benzene, and a
smaller amiount of bis(trichilorosilylpheniyl )dichilorosilane. 4 7 ,4 8 ,49

For the reaction between hydrochlorosilanes and aryl materials, BC13 was
l'ound to be the best catalyst, compared to AIC13 and others. The reaction between
beniene a nd m et hyId ic hlIorosila ne with BC13  catalyst produced the e xpec:t ed
phenylmethv ldiclilorosilane: but, at tenmperatures above 240'C. further reactions
between t h k phienyl and the silane took place. producing substantial stillpot
residLueS. 4 8 .4  Ileating diplicnyldiclilorosilanie with AIC13 at 210 to 250'C fo r 4.' 0
hours re SL Itecd in a reaction between the phenyl and the chlorosilyl ,roLIj-

producing b)i s (d ic IIo r o p e n yIs ilIylI ) b e nz enie and p)oIy d ic I Io ro s iIp Iie nylIenIIe s. 5 4  I-leatin.
chlorobetenc with trichlorosilane in thle presence of' BC13 or AMC1 3 produced somec
chlorophienyl trichlorosilane and also some distillation residue containing bis( trichloro-
silyl )chllorobeizene. -5

XYLYL D)ERIVATIVES

p-Xylyl D~erivatives

The prepa ,rat ion of p)-hist hydrogenidimiethy~lsilyl )xylenec by the (;rigiiard reaction
of xylene dibromlide with diimetlvchilorosilane and magnesium in TI-Il was
described it is a liquid, with a boiling point of 81'C/O.8nm. nD12 5 =l.5002.
d'n=O.803.3 -8 This was converted to the bis-silanol by basic hiydrolysis. the
bis-silanol is a solid, with a melting point of' I21-I 2: 0 C.8

tpiXylyI Derivatives

10 prepare ml-bis(dlimetlhlydroxysilyl kylene, mn-\ylene was first bromimated
with N -broinosuccinimide in (Cl14 under UV irradiation to make dibromo-m-xylene.
This reacted With Ldimethlyidichlorosilane and 111ageCSiuml in TI-IF to make
,ni-bis( dimiethiylhydrogenisilyl )xylene: this reacted with sodium ethoxide and then
NaOll to make the desired bis-silanol. Physical properties of' these, including IR.
NMR. boiling point. etc.. were presented. Thie bis(thtlylphentylhiydrogeniatosilvl]
derivativc w as made similarly from in-xylec and methylphienylechlorosilane. The I R.
NM R. and physical properties of' these materials wyere presented. (1

8
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Other XylyI Derivatives

The reaction between chilorornethiyltrichilorosilanie and benzene, at rellux in
the presence of AiC13 , produced a 75',.4 yield of o-, mn-. and p-bis~trichlorosilyl-
miethyl )benzene. 5 7

TOLUENE DERIVATIVES

2.4-BistdIimiethylchlorosilyl )toluiene was made in a Grignard reaction. consisting
of the reaction of - 14-dibromnotoluene and dimiethyldichlorosilane and magnesium
inl ether. It is a li(quid, with a boiling point of lOS-I 07'C/1I.5mm i58

p'-DIPHENYL D)ERIVATIVES

The (yrignard preparation of p)-bis(hiydrogenidimiethylsilyl)diphenyl by the
reaction ot the diphenvldibromide with dimethylchlorosilane and magnesium in THF
\ha des cribed, it IS a IRLttid. With a boiling point of 140-]14l 0C/.85mm. d25=0.963,

11)2= 4- 14 l-1Ibi was converted to the corresponding bis-silanol by ethanolysis,
tollow ed b\ Maoll hydrolysis. The bis-rilanol is a solid, with a inciting point of

I -I 1,M flic ( ;rliljnrd twrc p.ration of' 4 .4-bis(e tho x ydi phen visilyl )i pliciivi and
4 4-biik mIlho\.- diphcnvlsll I )iphin an md the p~roperties of' these materials wore
d,:'.rhcd ' 4,4'-I)ihroinoklphev', -diplleil c ther re~i. ted w\iTh lx l\ithim to
lmii tile dilithiio derivatise. t-1- . 1ICed With j)1lrone\ yi t rduce

41.4 hi'(cltlorokhmc ith \ kl r\I l icri' I -diplleu\ I eteri44-llc.: 1 .Ihii
%kis used III the preCparationl (i 4 1shntiordpC sl\Itiiu properines

1iphcnur id trichilorolan- H .4 mole ratio, .10 3(. 13(03 catalyst) reacted
I" produe al 31I.2'' yield W ? nionosily] addluct and a1 20.7' x eld ot disilyl adduct.53

p-l)IHNYL U-TIlER D)ERIVATIVES

/'ItstIi, rendiettysi~ kipenlethier was pi epared h% the ( rieniard
I cad ii n 1,'dibroiiiokhipilien\ ether with dinietiILIlorosilanc mid mneulI in
ill 1t - l InimI. msth i hoimtu point of' 13 2 (.5rmni 111)> 1 54"K. dlI .)0

lit isxx as c~ii rt ed to the c irresponiding bis-silanlol b\ ethal ys. tollowed b
N,(01 I /)ni'.-s -Bimtctliox diictl\ilsilyl dliplicnyl ether wkas prepaired fromn

iii~lpiiii Iether. Illowed h\ etlianlolysis anld \,]()If reactionl to toriii the
I'' ~ ~ 11, man ))Ii-I a pres. ntcd- 3 k [his i-silanol is, a solid, with ai mitine,

p(il 10-W C ( 11c te Ill NM R \%,I, rsne

priltcehii1,~lueir leio A ~t\Illt Ithe Il~ws ~il/l wihN~ldl ll 1

solti ti i ti I ori the Ii-iao
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materials. Dichlorodimnethylsilane reacted with this complex to make polydimnethyl-
silmnethvlenes. 1 4 7  The reaction between silicon, containing 10% copper. with
inethylene chloride in a nitrogen stream at 300'C, produced a small fraction of
residue consisting of' poly dic hlorosiltie thylene. along with trichiorosilyl diehlorosilyl-
methane. bis(trichlorosilyl methanc. dichlorosilmethylene trimler. 148

PHYSICAL PROPERTIES OF POLYSILMETHYLENES

P'olydimie thylsilmiethiylenes of molecular weight 6,000,000 were announced:
they were described as elastomers. 149 Various physical properties of polydimethyl-
silinethvlene were presented. 9 8  The polymner physics of' polydimiethiylsilmiethleneti
wAere described. 150 The gums produced from the polymler'ization of I .1.3.3-tetra-
it ethti1-I .3-dlisilacyclobu t~ane. using cyclohexe ne platinous chloride complex, were
c~ured with dicumiyl peroxide: they were compounded with ground qJuart/ and fumec
silica: the procedure was described. Rubber samples with an ultimate tensile strength
of 050 psi and a corresponding elongation of' 320'> were made. This rubber
maintained satisfactory properties after heating at I150 0 C for 210 hours. 151 In
another study, the elastoner was formulated with fumne silica and ground (ltiartz.
cured with dicuin1yl peroxide to give sheets of rubber that possessed nearly Uniform
tensile properties between -78w C and 1 500 C. For these rubber samples, the ultimate
elongation -,% as in tht, range of- 200-35O' , and the hardness was in the range of
40-45 BS.] Pliutvphnlsluthln varied in properties from a clear. tough
ru bbcr to a glassy resin, depending upon DP. Copolymers of' dimethyl and methyl-
phen\ I silnrethylene were generally Ini bbery. 125

IfIhe tlhermail depolvmnerization of polydiiiiethylsiltiethylene reqJuires a L
"ubstantiall\ hielier Ii,Ii.tion energy than does polydiinethylsiloxane. as it does
rIlit a.ethe salline lowk-1cuerg\ pAt h for decomposition: however. the depol ynieization

0)slntlsln-',oai siletlivlcne-si lo 'a ne polvm ens wa'. founrd sitmilar to that of
'ul\ dimethylsiloxanle. 1 52 lldiuthlilehr eei more thermally stable. and
mone resistari t to alIkalIis and acids than die corres pon dig polysiloxane. 140 yThe
tlherimial ,.tabilitN inI hlim i, isood. with 1 0'' weiuht loss at 600'(' for a sample
prci~pitatedf from ti line soltitiolt. I 2 [or aipl iityslehln of' molecular
'.Ncielit SOUO0t). the, It A inI iitr-OLCe indkicated Subhstanltial thermal stability: the
'.seielit lk InI 3() 111iiii1 Nt \%as 1.1 .it 400-C and 2.0, ail 450'U.127 lkii p~ol vin en
,:,w '.'. trjtan 420) ( w t i hs beeni icconniildd lor uIse a'. a Las clrroinatou'raph\

1 ii irl'iiiel\cei,, not \rstilto(saio: oiltiethermal
w\J 101iind t0 tike l A 1111 I at Li~p rie,, less Ilan 300'. 1,()r~

1( )111: ablrc l i 111ii -i h( )11) b 1L11. In in( h I 'l hnr I !ni'.o11 . the o1\1dati'.e 11thrma
Nl,n'iin.% 11krc'iscl w t li phcn\r ICihitcint . for c\:n11nple. thc It A 'niset tnpninr

2')(fnpiil. nncth 11 phcln liNhnehr1 1"m (. J .I 1)JmaterIA. the Ic Yas I J U m n
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raneing- I'roi 400.000 to 4.000,000.132.133 File thermal polymerization Was Studied.
and a kinetic equation was derived. It was f'ounil that thle molecular weight of' the
resultini- polymer increased withI react ion WiempcratUre in the range 1 40-240'(-. and
time inl thle range 1 .5 to 5 hours. When the temperature was held at 1 60 C', the
conversion ol- monomer to polymer incre ased, not only' with time. hut with
monomer concentration in toluene solui.16 .'s At S 200 C. the monomer polymierized
to a white. elastomneric substance. Whenl heated to 380-400'(' for 3.5 hours, the
cyclic trimler. hiexa iethivltrisilacvcloh exanie. pols mcrized to a rubbers' material.13

1.1.3 .3-Tetramiiethiyl-1I.3-disilaicvClobutanie polymerized at 300WC (1.5 hours. 400 psi)
to a polymier of' degree oft polymerization (Dl)P of' ar-ound 200 :1 19' inl another
effort, using the same experimental conditions, a viscous oil of- molecular weight
15,000 was produced, and other 1.3-disilacyclobutanes were also polyrnerized.lO3.tO4

1 .1 .3.3-rTetraphieny'l-1I.3-disilacyclobuitane polymerized upon heating to 1 80-2000C,
'-4 hours, to make a Ahitc powder with a crystalline melting point of 340'C. 136

METAL COUPLING REACTIONS

LOw-mole1cular-weig-lit piolvdimiethy lsilmietlrylene was made lby reacting a mixture
I ci ord eth iLie id chiloromiethivldiriiethiylchlorosilante with sodiumr in

iiiiumlg toluerie. This reaction1 also took place if ethoxN groups were substituted
or cIli inc Fiile react ion of* cliloromiethyvldimeithlylchilorosilanie with magnesium
j'r~l ii d Jlb i d-t e rii r nate id iiet li\ IsiImethy lene oligomlers: the lower homiologs.
DP 1-4. Mii d be distilLIi Ont.t lea'. iris higher miolecular-weight residue. Zinc or

N(1tini couild he 5 ubsh titUtei tori miagnesiumn in this reaction. l.3 Clrlorornethyl-
.lniern I horsh~ri.coritlAnriirlii mirror01 anliourr1ts of' bisheioromniethl m~iethl-chilorosilane. -

Ic, ed \v% It Ii xoilrtrrii Ill toluene to Make I, iscouIS polvdiniethylsilinethy lene
Abi rrcr, z') crlrrrclv I dimethmvlsilare amd bishclorodirnethylsilyl )methiane
rci ic ]ed il (klll tll sormr in toleie. under retILuX. to f'ormi polilimiethl\,silnnethleneii
m11.1roL, ,,14 11 \A,,, is i a t~i ted that tile po~iiuti slmeh\lnsproduced w,%ere

(liloromiethiyld ialkylchiloro- (or ethioxy- I silanies react with mliolteri sodiiirii1 to
mai~ke .,irhosilarne polyriners, For exaimple. sodil.m1, added to e hlorornetli\ Idirnet hil-
,-thmo\\ ilie urnder retin X priodurceid a variety of' produlCts. irneludirg, a residue I tiat
%\J Jl (in i o rmolecular %cweiht 502. 'hilorone thiv ldimt Ih\ilch lorosi larTic reac ted wi th
si~litm ill xveme at 110 tPC to proun d' a INCOIls oil, [his oil wka, ihistihiable above:

W i( .rndiica ting thei highi t hernial s ta bili t . Likewise p reparedl were mectfirlphenyl-
,iird inethy Iutyl-carbosilane polyiirers. 142.143 'il. process was modilfied hI ;iddinig S
tr irthvhIv chloridle or ethioxide pfil sical properties Of' a rmurI1ber 0Il I iese
irl~ma era were preserited.1I44,1 45,140

S scul'. corriplex\. Ir coirhe re,ictcd ss ith triinnthivlilorosiarie to t i-l \ irnotis

priiiliiel. i ochuiire tlIe iirir and trmime 0 i di11r1rCthnVvhsrIhiut lrlerreV andiih .1 ])rgi-1)(11h rr

22



NWC TP 6499

bulk compared to solution polymerization. Other disilacyclobutanes were also
polynwerized: under these conditions, methoxymethyl- and chloromethylsilmethylene
polymers were generally viscous liquids.1 25 These were polymnerized with chioro-
platinic acid catalyst under several conditions. In the presence of l0%~ water. only
a low-molecular weight polymner was formed in poor yield, but in thle presence
of 1 7-23 ppm platinum catalyst, bulk polymerization produced polymners rather
rapidly at 100'C, of molecular weight greater than 100.000, a mechanism) for thle
pol~trerization was discussed. 1 26 When Pt/C was used as catalyst at 90'C. the
polymerization proceeded exothermally. raising the reaction vessel temperature to
1 50'C. The polydimnethylsililiethylene was clear and pliant, resemblin.- poly-
isobutylene. 1 2 6 Other types of disilacyclobutanes were also polymerized under these
conditions. 124

Using di-p-chlorodichlorobis(cyclohexene )diplatinum (11) catalyst. copolymers can
be produced from 1 , 1 .3 3-tetramethyl- I .3-disilacyclobutane and other 1.3-
disilacyclobutanes. Other disilacyclobutanes that polymerized to high molecular weight
were I .3-diethoxy-1I,3-dimethiyl-1I.3-disilacylcobutane and I .3-diplienyl-1, 3-dimethiyl-1,3-
disilac ylIco butane. U~nder the same reaction conditions. 1,1.3.3.,55-fexamethyl-
1.3 .5-trisilacyclohexane and 1 .1 .3.3.5.5 .7.7-octamethyl-1I,3 ,5 7-tetrasilicacyclooctane did
not polymerize. 1 27 1, , 3-Trime thy 1-3-( 3,3 .3-t rilluoropropyl0- 1 ,3-d isilacyclo bu tan c was
polymerized by heating to 100'C in the presence of 28 ppm chloroplatinic acid to
a polymer of Mw= 150.000. this polymer was peroxide-cured to an elastomer that
had superior solvent swelling resistance, compared to polydimethylsilmiethyleiie. 1 26

Catalysts containing platinum or other transition metal compounds were used
Ii concentrations I part catalyst to 500 parts monomner. For example, the use of
chloroplatinic acid at 70'C for 2 minutes resulted in a liquid polydimethylsil-
inethylenic of" viscosity 300 cS-. the use of' di-ii-chloro-dichlorobis(cyclohexene)
diplatinurn as catalyst at 70'C and 5 minlutes resulted in a guin. Thle uIse ZS cataly'stS
of PtBr, (70'C, 2 Minutes). PdBr-1. RLICI 3 , and others. produced gums. I .3-lDiethioxy-

1 3-imehyl I 3-dsilcvcobuanewas also polynierized. 1 28

ir-Crotvl nickel chloride was used as a catalyst for this polymerization, in
concentrations less , ian V; ' at temperatures of' 35-50'C, in toluene solvent.
lP,,!%,ncrS ot' intrinsic \iscosity prLater than I dl/lg were produced in some cases.1I29(
Tlie S~d ts of a nuni her of' tranusition elemien ts were also studied as polym erization
catal\Strs found effectixc were Xu('13. (uil '. and Cul.C in con1cnt(rations around

1'.tie conditions were 90W( . lttme 1 -12 hours. Poyielvslot\lo~ wi th
instrinsic: Viscv..'itiCs as hlio'l aS 3.2 dL1:1 were prepared.130 AlC13 also polymeriZ.ed
thle 1 1inujCIML peiI.pOly men /atioii Ot silW\ex Iutanels. 131

THERMAL RING-OPENING POLYMERIZATION

t. nder ,er% dry conditionS. it ltcilipcritIres 1o 250"C or- h loir,. ].I.3-
I c Iran I I~ I- 1 .3 -dmst h Cx .ltd I)e 'I))\ MoCFI/ Cd1 0 to a esto itI VrN with InlK I ~ il III S
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l,1-dinethyl-l-silacyclobutane, passed through a quartz tube heated to 6000 C
produced 1,1,3,3-tetramethyl-1,3-disilacyclobutane in 55% yield, with ethylene as
by-product. Likewise, I,1-dichloro-l-silacyclobutane, when heated to 6800 C, produced
1,1.3,3-tetrachloro-l 3-disilacyclobutane in high yield. I10,111 In the former reaction,
(Cl3)2Si=C!l is believed to be the intermediate. 1 1 2,113 Heating 1,1,3-trimethyl-
I-silacyclobutane resulted in propene and l,l,3,3-tetramethyl-1,3-disilacyclobutane.
Literature methods to prepare l,l-dimethyl-l-silacyclobutane by ring closure to
allyldimethylsilane have been unsuccessful: catalysts tried were Pt/C 1 14 and chloro-
platinic acid. 1 15

The gas-phase flow pyrolysis at 700'C and pressures less than 700 microns of
1. 2-dimethoxy-tetramethydisilane gave. as major products. 1,1- and 1,3-dimethyl-
1.3-disilacyclobutanes in yields of 10% and 17'.1 16

Pyrolysis of tetramethylsilane at 700'C produced 1.13.3-tetramethyl-! ,3-
disilacyclobutane in 3.2%, yield. 117 , 1 18,119

PHOTOLYSIS METHODS

1,1,3.3-tetramethyl-l,3-disilacyclobutane was produced in the mercury sensitized
photolysis of tetramethylsilane, theorized was the formation of (CH 3 )2Si=CH 2 , which
dimerized. 1 20 It was produced in 30'1 yield by liquid-phase photolysis of tetra-
methylsilane. 121

ALKALI METAL METHODS

Bis(chloromethyl)dimethylsilane reacted with lithium in ether to form the 4

dilithio derivative, dimethyldichlorosilane was added to the ether mixture and left
overnight at room temperature. )istillation of the products indicated a 24',; yield of
1.1,3,3-tctramethyl-1,3-disilacyclobutane.1 22 The reaction between t-butyllithium and
vinyldimethylchlorosilane produced 46,:; of 1.1,3,3-tetramcthyl-2,4-dineopcntyl- 1,3-
disilacyclobutane: yields of 80%,, can be obtained by warming the reactants from
-78 0C. 123

POLYSILMETHYLENES

C ATALYZED RING-OPENING POLYMERIZATION

I. .3,3-tetramethl I-I .3-d silac clobutane was polymerized with chloroplitmnic
acid cataly st.'- ,, 1 2 4  I, I po\.mcr11 ici d Ill bulk with chloroplatinic acid oltdion., 0.01
mole ratio. 25'(. to a rubber with Mw of 200.000. Other catalysts ol platinum
were also effective. It was found that higher polymer molecular weight resulted in

20
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In another preparation, a solution of chiloromethyldir-nethylchlorosilane in THIF
was slowly added to magnesium in THF:, the mixture was refluxed 12 hours,
decanted. and added to HCI solution, ether was added. and the organic layer was
dtried and distilled. In this procedure, 1,1 ,3.3-te tram eth yl- 1,3 -disilacyclobu ta ne was
produced inl 20'/( yield, it is a liquid. bpl 15-I 17'C, nlJ)2Ol.4412.I01 Another
preparation involved the reaction of' I-chiloromiethiyl-3-chilorodisilmethiylene in THE
with magnesium in TfIE. reflUxing 5 hou(.rs: 1.1 .3.3-tetrainethyl-l .3-disilacyclobutanle
was produced in 65'/ yield. 102 Other Grignard methods for the preparation of'

11.3,3-tetramiiethlyl-l .3-dlisilacy'clobuitanie were also described. 103.104,105

Other disilacyclobutanes were prepared, and their physical properties listed:
I .3-diclhloro-l .3-dlimethy I-I .3-disilacvclobutanie and others. 9 9 The Grignard method of
reacting, chiloromeithiylmeithldiclhlorosilane with magnesium to make I .3-dimlethyl-
I .3-dlichloro-l .3-disilacyclobuitanie was described: this reacted with LiAI 14 to mlake
I .3-dIimietl1-l .3-disilacyclobuitane. and reacted with phenylmagnesiumn bromide to
make I .3-dimiethlyl-l .3-diphlenyl-l .3-disilacyclobutaneC.100 The preparation of chloro-
meithyhueiithylethioxychllorosilanie was described, using'- thle above-described (irignard
method. 1 .3-dietlioxy-1 .3-dimiethiyl-] .3-diisilacyclobtanjie was made, and the properties
were described. 9 9 ' 100

Reacting chiloromlethiyldiimet':ylchlorosilane with magnesium produced 1,1.33-
tetramiethiyf- i.3-disifacyclo butane: reacting chloronethiyidiphenylchilorosilanie or cliloro-
miethiylmlethylpheniylchilorosilanec with magnesium resulted in 1.1 .3.3-tetraphenyl-l .3-
disilacyclobutane or I ,3-dimiethl-l 1,3-diphlenlyl-1 .3-disilacyclobuitane:, likewise. chloro-
methyltrichlorosilane produced 1.1 .3,3-tetrachiloro-l .3-dIisilacyclobutane: thle propoxy
analog was also prepared. 1 06 Reacting clhloroiniethiylmiethylpheniylchlorosilane with
magnesium resulted in I ,3-dimiethl-l .,3-diphienyl-l .3-disilacyclobutanie: reacting chloro-
mietll'dimiethiylchlorosilanec mlixed wvith chlioromiethlvlmiethivdichlorosilanie with
miagniesium produced 1 .1 .3-trimiethlyl-3-chiloro-1I.3-disilacyclobuitane : reacting this with
phenylimagnesiUmn bromide or allylImagnesiumn bromide resulted in the corresponding
mionophecnyl or mnonoallyl disilacyclobutane: physical properties of these monomers
were presented. 107

To make fLluoroaikyl-suhstituted silacyclobuitaneI and p)olyfluloroalkkIilmiethilenies.,
the met hod of prepz iat ion of' t he silacyclobutanes is to add a mixture of' ehloro-

metIivlinthlcilroilne and cliloroinlethlme1Ithldichilorosilanie to ilaignesiujin,. to
make the1Lilrielvileconae and to treat this with hrorn1otluoroe:arhon.
such as I .1.1-t ri flnoro-3-h~romiopropaniie. alld miagnesium : in that case., 330.3 .3- rituor-
propl N~l-1I.1 .3-t rimiethlv-1 3-dIisilatcvclohuttance was prodUCed. Likewise, the dimethyl-
di 3.3.3-t rill nlOropropyN 1) a naloy was made, along withI thc correspondinig polymier.108

TIEFRN1OLYSIS %ILTlIOIS

Se eral NItudies lia 1l\1 that I,1I -dillletli\ I-l-'Il Juhkdt ixic. ~slien
heated. produced 10 .1..-eri~ti - 3dslccottn.IO) 1 o llpe
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A number of the trifluoropropyl-containing copolymers were prepared. These
were shown to be Superior in solvent resistance, compared to thle all-miethyl polymers,
however, the Tgs were higher. anl- the T(GA decom posit ion temperatures were
Substantially lower than thle all-miethyl polymiers. 9 3 ,94

BISjp-DIMETHY LHY DROXYSI LY LPHENY L)DIM ETHY LSI LANE
DERIVATIVES

Bis-(p-dimiethiylhiydroxysilylhenyl)dimiethiylsilane was prepared from the (irignard
reaction of dichlorodimiethylsilane and bis(p-bromiophienvl)dimnethiylsilane to formi thle
bis-chiforo analog: this was converted to the bis-hydroxy derivative and then
poly merized in the presence of KOH to thle hiomopolynier. a clear elastic solid that
COUld be miXed With fillers and peroxide --cured.7 8 .96

POLYSIIPHENYLENES

Tiw di-Grignard reaction of I ,4-dibromlobenzene with diphienyldichlorosi lanle in
THF/benzene at -80*C to produce polydipnenylsilphienylene was described. 7 8 Poly-
diphenvlsilphenylene was made also from thle reaction of p-dibromlobenzenle, diphienyl-
dichlorosilane with sodium in retlUxing xylene, and from the reaction of diphienyl-
dichlorosilane with p-phienylenedimiagnesium dibromide. in ether. The polymer is a
brown resin. 9 7 Polydliniethylsilphenylene and poly diphenylsilphen ylene were made from
the reaction of sodium and either p-cloroph~enylenilorodiinethiylsilaine or p-chloro-
phenylchlorodiplhenylsilane. Properties. including TGA. of these polymers were
described; decomposition temperatures (onset) above 400'C were noted; thermal
stability increased with molecular weight. i-owever, none of these were elastomeric. 13

DISILACYCLOBUTANES

GRIGNARD PREPARATIONS

To prepare I 1..-ermty-I.-iiaylbtn.a Solution of' chloroiethyl-
dirneth vlehlorosilane in Till: was slowlyv added to a small anmoun t of' nmagnesiumn in
TI-lt. and more mlagneCsiumI was gradually added, with teni pcra ire held to 30-S 0 (:
,I Nicld of' 35 ,was reported." 8 Using the same procedure. a yield of' 49.9'; and
ph sic:al properties were rep' r1 ed.'" Also reported in using this pro. ed nrc %kas . 1 5-

eid of 11..-eaiel' -. 3dslc ouan.and SOmeI of' the '%cl'h tInmer ais
k\ -product.' II I 0 Idd itio .i, tere was reported as by-product soime S COLI residue
:oINsiStII oi higher c\de and lineair I~l(iiitllii Sl\Ieis((
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alternating copolymers of the bis-silanol and tetramethyldisiloxane; intrinsic viscosities
to 3.5 du/g were found. The polymers were cured with t-butylperoxybenzoate, and
milled with silica and ferric oxide. For some of these cured elastomers. ultimate
stress to 600-800 psi, with corresponding strain to 50-150%, was found. TGA
measurements of these polymers showed thermal stability above 30011C.29 .9 1

TGA studies of alternating copolymers of the bis-silanol and dimethylsiloxane,
tetramethyldisiloxane, and the corresponding tri- and tetrasiloxanes have shown that
there is greater thermal stability for fewer dimethylsiloxane units; although, even with
the tetrasiloxane copolymer, the thermal stability is substantially greater than that
of poly dime thylsiloxane. In comparing the thermal stability of aryl moieties, for
copolymers containing hexamethyltnisiloxane units, the diphenyl ether moiety was
found to be the most stable, followed by the p- and then m-phenylene. All of
these were found to have TGA onset temperature of thermal degradation greater
than 400oC.3 4 ,9 2

tn-XYLYL DERIVATIVES

a,a'-Bis(dimethylhydroxysily)-m-xylene was hiomopolymerized. usinlg as catalysts
either n -liexylamine-2-ethylhexanoate or 1.1 ,3.3-tetramiethiylguanidine. Molecular weight
for the homopolymer obtained from the former catalyst was 38,800: for the latter
catalyst. 3400. For the former polymer. TGA measurements showed 10'. weight loss
at around 530'C in nitrogen and around 300"C in air. 5 6 In using 1.1.3.3-tetramethiyl-
guanidine-2-ethylhexanoate as homiopolymierization catalyst, the resulting hiomopolymier
had an intrinsic viscosity in toluene of 0.51 dl/g and a molecular weight of 41 .700.
If ferric chloride was used as catalyst, rather low molecular weights of polymier were
obtained.

To prepare alternating copolymers containing diniethylsiloxanle or tetramlethyl-
disiloxane groups, either bis(dimietlhylamiino)dimiethiylsilane or bis(diniethylamino)
tetramiethyldisiloxane was reacted with the bis-silanol. either neat or in solution. 9 3 .94
These alternating copolymers were also prepared by the condensation of' the bis-silanol
with diacetoxysilanes. resulting in dimecthylsiloxane and tetraminetlivl disiloxanle
copolymers of' intrinsic viscosities between 0.5 and 1.0 dl/g. 8 3

l'( A data inldicated that thle homiopolymer. dimicthv Isiloxane copolymier, and
he avtm~h yldisilo xane copolym er were all SUbstantially more stable t hanl polydinlct iiyl-

siloxanle. %i ti thle dirnietlrylsiloxanec copolynmer the most stable. The hioniopolki met is
elastonreric.. arnd is mnore thermally stabhle thran tile /.'- or -bsdnellhdo'yiv
benzene In mmiopolyniers. For thle hiomopolymer. the Tg was -41 C: for tile tetra-
mlethiivi isi loxarre copolymer, tire Tg was -81T 0 . These polymevrs were cured with
di-t-bu ty pvoil O ihkIC11 peroxidei. 3 *4 For tire c opol vrrrer with
dilliuetirvliloxarre. tire polymner of' intrinsic viscosity 0.355 dl/g in hen/ene. tire Nin
was 14.5001 tile Iy Was -01'C. and from T( A rneastnrenient. tire decomrposit ion

M t M ire at10'; weighnt loI a 53 7' C For thre tetramletirvldisi losarccplyn

1( ;A maSUreinents indicated tile tempera t Lre of' 10'; weight loss at - ')8-.( .
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Another method of making the fluorine-containing copolymer was the reaction
of' rn-bis( 3.3 3-t rif171uoropropy lme thyl1hydrox ysilyl1)ben zene and I .3-diacetoxy-1I,3-dimethyl-
I .3-bis(3.3 .3-tritluoropropyl)disiloxane (prepared from acetic anhydride and the
corresponding cyclotrisiloxane), catalyzed by tetramethylenediamine. and subjected
to further heating with tetramethylguanidine trifluoroacetate, polymers of Mn= 1 5659
and MwlO6,OOO were made. The reverse reaction. using bistacetoxyi-n-silphienylene
was also condujted. Copolymer of lower molecular weight was made from the
m-bis-silanol and the corresponding d ichiorodisiloxane. The reaction of m-bis( 3,3.3-
t- fluoropropylmethvlhydroxysilyl)benzene and tritluoropropylm-ethlylchllorosilaine pro-
duced m-bis( I.3-dimethyl-1I,3-bis(3 .3,3-trifluoropropyl )disiloxaniyl )benzenie. the properties
were presented. This reacted with NaOH/NaH'P0 4 in dioxane, in the presence of
lead and carbon, to Igive the corresponding bis-silanol. this bis-silanol was hlomo-
Polymerized. Properties of these materials, including the JR spectrum, were presented. 3 5

The (frignard reaction of' in-dibromobenzene and tricehloro(trifluoropropyl)silane to
make bis( trilluoropropy-ldichilorosilyl )benzene was described: this reacted with chloro-
dimcethylsilanc in the presence of water to make ?n-bis((d ime thylIsilox y)t rifl uoropropylI-
hydrogenatosilyl)benzene. hience called "crosslinker". 3 5 Further studies were conducted
on] the homopolymerization of m-bis(1I 3-diznethyl-l ,3-bis(3,3,3trifluoropropyh -
Jisiloxanyl )benzenc to form thle hydroxy-terminated polymers. These polymers were
vinyl-terminated by reacting Withi vinyldimethiylsilylisocyanate, and cured, using
"crosslinker- and platinum catalyst. Various formulations were described, where silica.
ferric oxide, and other materials were added: tensile and other properties were
presented.9 0

p-DIPIIENYL ETHER DERIVATIVES

Tile preparation of' exactly alternating copolymers from bis(I hvdroxydimiethyl-
silyl )diphenyl ether and dimiethylsiloxane. nethylvinylsiloxane. and Mixtures was
done by reactine the his-silanol Withi bis( 1.1 -tetramiethiylenie-3-phienyluricido )dimiethy l-
silane and b~ist 1.1 -tetranilcthvlNIe-3-phleinluircid.o )methiylviniylsilanie: various p~olymlers of'
\lw over 100.000 werc inade.6 . 0 8 4 For these polymers, the Ill and C13 NMR.
the 1k spectra, thle T.- and riGA were determined. Thle Tg was -41-T and the onset
of therinal degradation 1y T( A was 335soC in air and 470'C in nitrogen for
dimlethylsiloxanle copolymer: for thle methylvinylsiloxane copolynmer, thle Tg was
- 51'C O*alld tile onset temlperature of' thermal degradation by ]GA was 425'C in air
and 490'C in miiitroge . pvrolyrSi, studies showed g.as ev'olution above 400'(.6~

These alternating copolymers were also prepared from the reaction of'
p-b~isidimiethiylhydrogenisilyl )dip~heniyl ether Withi diacetoxysilanes, including dlillnthlyl-
diacetoxysilane and tetramethyl- 1 .3-diacetoxydisiloxane. and these polymers had
intrinsic viscosities between 0.5 and 1 .0 kdl/,,Y 3 A lrge nuI b11er of' copolviners were. -

Made, uisin lust )iniellthlisilyil liphenvllI ether, Withi smlall amlounts ot' /-his( methlyl-
vini hydroxysilyl 1foienlc. reacting w&ithi either hieptai me th yl- I .3-diOxa5aa24btii
lacycluliexane to wua ke alternating copolynmers of' thle his-silanol and hlexamlet Ii v-
trisiloxane. or decaniethyl- I .5-dIioxai-3 .7-dIia/a-2 .4.0.8-tetraisilaicyclooctanie to mlake
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rubber materials, using silica, partially hydrolyzed ethyl silicate, and dibutyltin
diacetate were described. 2 5

Copolymers With p-Bis( metlhylphenyihydroxysilyl )benzene

I .2'-Dimiethiyl-l .2-diphienyidisiloxane copolymer was prepared by reaction of
the bis-silanol and (SiMePh-O-SiMePhNMe)-i in xylene reflux. The polymer was a
tackv outi: inherent viscosities (toluene, 30 0 C) of 0.07 to 0.13 dl/g were
obtained.]1 2

Copolymers With p-Bis(diphienylhydroxysilyl )benizene

Thle hexarnethyltrisiloxane copolymer was prepared trom the bis-silanol and
hieptamethyl- I -aza-3 .5-dioxa-2.4,6-trisilacyclohiexane; it wats an elastonmer. The
1,2-diphenyl- I 2-dii-nethyltetrasiloxane copolymer, a hard and brittle polymer, was

prepared from the reaction of the bis-silanol with (SiMePh-O-SiMePhNMc)-, in
toluene and in xylene reflux.12 The diphenylsiloxane copolymer. a brittle solid,
was prepared from the reaction of thle bis-silanol and diphenylbis(methylamino)-
silane.' 2 or from the reaction of the bis-silanol with diphienyldichlorosilane inl THFj in the presence of pyridine. 8 8

rn-PHENYLENE DERIVATIVES

in-Bis(dimethiylhydroxysilyl )benizene and mi-b~is(miethiylphleniylhydroxvsjlyl)benizenle
were both reacted with heptameithiyl- I-aza-3.5-dioxa-2.4.6-trisilacyclohecxance at 1 60'C
for 8 hours to make the corresponding hexamlethyltrisiloxanti copolyniers. For the
dimiethvl copolymer, the inherent viscosity was 1.60 di/g (tolenle. M0C) and thle
IL, was -75'C: for the niethylphienylsiloxane copolymer, thle inherent \ iscosity was

!.2d~.and the Tg wits -42
0

C.
3 4

In the search for thermally stable. fuel-resistant elastorners for aircraft tank
"Calants. silphenylene-dioxanes containing the 1. 1, 1 -triiloropropyi group, called
I ASI L polymers. ,were deCVelOpCd. Thle ethioxy precursor. ??-his(3.3.3-trifluoropropyl-
micthicthioxysi lxi)beizenic. wats homiopolynieriZCLI by hydrolysis. 'I Iiis polymier had at

Lof, -23'C and J Mw of' 17.457. fIn making F ASI L poNimurs. thec condcnSaltion

polymecrization reaction between lni-his(3,3,3-trifluoroprop-ylmeithiylcthloxvsilvlbenizenle
pand hisdiniethivlaniilo)-l .3-dimiethyvl-1I.3-bis(3.3 .3-trifILuoropropl N,)disiloxane. catalyzed

b , tet ra mcthyl na nidi ne trifluoroaceta te. was diescribed1.3 S Inl a similar effort. 1128
1mmnole1s of I .3-nis( iyroxvmicthivl-3 .3 .3-trifllnorolproly sit vi bhn/enC. 1 I. 10 6 n-mlolcs
of I .3-dmnmietlix I-I.3-Ihis(3 .3.3-i rilltioroplropl )- I .3-hisidimietla 'lainio ) disilo 'ane n .30
rn-miole.. of' mietlmylvinyllbis-(dlimelthlamnlilo )silaneC werc rcilUXed inl tOlLWTene. ~ntc

p a copolvmcr ol' Mw =3700.3 7,89
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presented; tile inherent viscosity (tolueve, 30'C) was 0.73 dl/g and the Tg was
-62_C. The TGA was presented;3 4 the inflection temperature was 5101C. 6

Hexamethyltrisiloxane Copolymer. The hexamethyltrisiloxane copolymer was
prepared by the reaction of the bis-silanol with heptamethvl-l-aza-3.5-dioxa-2.4,6-
trisilacyclobutane at 160'C for 8 hours. The IR was presented. the inherent viscosity
(toluene, 30'C) was 2.77 dlug and the Tg was -72°C. 3 4

Octamethyltetrasiloxane Copolymer. Tile octam ethyltetrasiloxane copolymer was
prepared from the reaction of the his-silanol with noiamethyl-l-aza-3.5.7-trioxa-2,4.6,8-
tetrasilacyclooctane at 160'C for 8 hours. The inherent viscosity (toluene. 30'C) was
2.48 dl/g and the Tg was -R00 C: the IR was presented. 3 4

Methylphenyisiloxane Copolymer. The methylphenylsiloxane copolymer was
prepared from the reaction of the bis-silanol with diacetoxymethylphenylsilane, using
triethylamirne catalyst, inherent viscosity (THF, 25°C) was 0.38.83 The relationship
between intrinsic viscosity and molecular weight in TtlF is given as
71 = 5.34 X 10- 5 Mw 0 7 9 9 ' Tg = -25 0 C. 6  Also made by this acetoxy-hydroxyl
cs ndensation was the copolymer of the disilanol with 1.2-dimethyl- 1.2-diphenyl-

disiloxane, intrinsic viscosity was 0.41 dl/g.8 3

Copolymers containing methylplicnyl, dinethyl. and methylvinylsiloxane. where
the mole ratio of the sum of these is equal to the mole ratio of bis-silanol in an
alternating copolymer were obtained. These nixed alternating cuopolvircrs were
prepared from his-silanol and mixtures of dichlorodialkylsilane in -11 F at 25.C
with nitrogen flowing through to remove HC1.

For 99' methyliphenylil/' methylvinylsiloxane copolkmer. the M*, was 51.000
and the TL was -32 0 C: the HI NMR was presented, and TGA data showed an
onset of thermal degradation at 400'C, with leveling off at 650'C, and 52',, residue.
For 66'; methylphenyl!33'. dimethyl/l'/' methylvinyl copolyner. the Tg was -44°C,
the Mw was 71.000 and the II NMR was presented: TGA data indicated an onset

of thermal degradation at 410'C and a 50', residue at temperatures equal or greater
than 600 °(. Ior 33',,; mlethylphenyl/66"; dimethyl/l ,1 methylvinyvlsiloxane copolymer.
the Ig' wa,, -60'(. til Mw was 33.000 and the III and C 13 NM R were presented.
and I(,A data showed al onset at 400'C and 37'( residue at and above 60 0C.
For 99'; dimethyl/1',; methylvinylsiloxane copolymer, the l was -05'C. Ciopolymers
containing 9) 8'; inethylpliel,2' ; iethylvinylsiloxane were cured with 30 phr
hydrophobic silica, 0.5 phr dicumyl peroxide, and 3 phr ferric oxide: nechanical

properties werc given.5.8 7

Diphenylsiloxane Copolymer. The diphenylsiloxane copolymer was prepared
froin the reaction of the Ni,-silanol with diphenvlbis( metliylaiio,)silane either neat12
or in toluene reliix.25 his copol)iI)Cr is al Claslic gllml.lie ClWution betwCC
intrinsic viscosit. and Mw is i? = 5.7 X M- 5 Mw.75: for this polymer. the Tg
was 0(C. and T(GA showed a 10'; weight loss at 460'( ". Fornulations to make
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methylvinyl. Mn 69,000, and Mw = 125,000; and for 100% methylvinyl
copolymer. Mn 103.500 and Mw = 199,000.6.80 The TGA onset temperature
in air and weight-percent remaining after 737'C were: 5'1 methylvinyl copolymer,
370 0C, 46f,: 7.5'; n- -thylvinyl. 375'C and 49.5%, for 100% methylvinyl. 420'C,
58,51/,. For IGA tests in nitrogen, thle onset temperature, thle temperature at which
further degradation ceases, and the weight-percent residue were: 5% methylvinyl.
360 and 670'C and 41';: for 7.5/( methylvinyl, 420 and 680'C and 51%:,(' for
100'; inethylvinyl. 450 and 690'C and 75'/. After degradation in air, the residue
consisted of SiOl. but the residue after decomposition inl nitrogen was an intractable

6 black Substance essentially stripped of hydrogen, but otherwise containing a similar
composition of silicon, carbon, and oxygen. compared to the starting material. 6 ,8 4' 8 5

Mass spectra were obtained from the pyrolysis products of' a I';( inethylvinyl-
99%;' dimethylsiloxane copolymer, and a 1001/ vinylmiethylsiloxane copolymer. It
was concluded not only that the methylvinyl copolymer was more thermally stable
than the dimethylsiloxane copolymer. but also that there was less silicon inl the
degradation products of thle latter.8 1 .82

The copolymers containing 5% mcthylvinyl/95'. diniethylsiloxane, 7.5,/
mnethylviny1/92.5%/ dimethylsiloxane. and 100%/ methylvinylsiloxanc were cured with
dicumnyl peroxide, and a hydrophobic silica was added as filler. Either Fe1O 3 or
Fc(CO) 5 were added as antioxidants. Tensile strength. elongation, stress-relaxation.
heat aging, and other properties were determined. The Ig for the cured elastomer
was very close to the Ig for thle uncured mnaterials. 8 6

A number of polymier samples were prepared fromi the bis-silanol and
methylvinyldichlorosilane or its mixtures with dimiethyldichiorosilanec (so that thle
bis-silanol and the mixed dichlorosilane had 1:1 miole ratio) inl ether or ini Tli
solvent, Mw values above 100.000 were obtained in miany ease,.. It was fOUnd that
TO was -76'C for 100".; mnethylvinyl copolymier and -69'C for 98'; dirnethyl/2,%
miet hy vinylsiloxane copolymer: these polymlers were cored with dicumnl peroxide.
with hydrophobic silica filler, and 3 phr ferric oxide: mnechanical properties were

-iven.5 Other copolymers were made from these reactants inl Till solvent at 25 0 C.
with nitrogen tiowing through to remove IIC I product. F"or the copolymer of 99"'
diniethv %1/1'; methyl\inylsilovane. the Tg was -65'C. thle Mlw was 27.000. and the
Ill NM R wvas presented. Tile T( A data indicated an onlset of' thermal deg-radationl
(suhkequen ltl\ referred to as 'onset 1 at 4_10'C and end of deuradation at o~70 (j.
with 33 rVesidue. Fo~r the copolynmer of 99'; dimethVI and ; eth llC1\tin\ 'i loxane.
thle lu was -69 0C. and the Mw was 28,000: the 1-1l NM R was presented. F-or the
I00' ' meimilyl 1VInsioxanle polymner, the Mlw was 97.000. the -1-1 was -70'C. and thle
Ill aind ('13 NkMR were presenlted.8 7

Tetramnethyldisiloxaiie C.opolymner. ['le lieralt nnting, ttra inet Ii ldisilo'~ailc
C:OpolYlh'cv Was precpared tIomn thle reaction of' the his-silanol with deeallieth\ I-I.;

(h/a .T-ioo- .A~X-etaslaveootae. at 1 600C fbr X hour,- The I R \ka
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The homopolymer is not elastomeric: it is a strong fiber-forming polymer:
it is more stable to thermal and oxidative degradation than polydimethylsiloxane
in the temperature range 200-305'C. The relationship between tile weight-average
molecular weight (Mw) and intrinsic viscosity (17) was expressed by the equation:
77 = 1.12 X 104MwO. 7 5 .2 The glass transition temperature (Tg) was -25 0 C. 7 7 The
IR of this homopolymer was described: -2 7 other properties were presented. 7 8

Dimethylsiloxane Copolymer. A method for preparing a very high molecular
weight alternating copolymer of the bis-silanol and dimethylsiloxane was from the

condensation of the disilanol with bis( Il,1-tetramethylene-3-phenylureido(diniethyl-
silane). 7 9 For molecular weights exceeding 100.000 the reaction was monitored
by either II NMR or by gel permeation chromatography (GPC). The IR, H I NMR,

and the C13 NMR of this polymer were presented. The number-average molecular
%%eight Nln) was 71.500 and the Mw was 132.000 by GPC for this polymer. 8 0 Tg

was - f2o( fr this very viscous polymer. The onset of thermal degradation as

determined by thermogravimetric analysis (TGA) was 345°C in air and 400'C in

nitrogcen: there was 39.5,; residue at temperatures above 735"C. The degradation

products from the pyrolysis were identified. 8 1,82 The intrinsic viscosity versus
molecular weight relationship in THF was given as 77 = 7.86 X 10-5 Mw 0 .7 5 7 .6

This polymer was also prepared from the reaction of the bis-silanol and
bistdimethylaitiolditiethytsilatne in toluece under reflux conditions. Polymer with

intrinsic viscosity 0.98 dl/g in THF was obtained. Polymer was prepared of
intrinsic viscosity (in TIIF) of 0.71 by the reaction of the disilanol with
Ibis(acetoxy )dimethylsilane in relluxing toluene. 8 3 or by the reaction of bis-silanol
and ditnethyldichlorosilane: Mw above 100,000 were obtained. 5 The temperature
corresponding to 10',( weight loss by TGA was 440'C. In an isothermal TGA test

at 31 °C. the polymer lost 5%; in 2 hours and 31'; in 11 hours. 7 7 Upon
completion of the FGA decomposition in air. the residue was found to consist
of SiO-. lowever. upon completion of this test in nitrogen, the residue was found
to be an intractable Si-O-C material. During pyrolysis in helium, volatile products
began to be emitted around 400C. with maximum gas evolution around 500'C.

Further volatiles were not evolved above 630'C.6

Filns wcre prepared frotm toluene solution, adding partially hydrolyzed ethyl
silicate and dibutyltin diacetatc, with or without colloidal silica. -lastomers of

ultimate tensile strength 16,000 psi and elongation 1130'; were obtained. 7 7

Copolymer with Dimethylsiloxane and Methylvinylsiloxane. Polymers were

prepared with a 1:1 mole ratio of p-bis(dimethylhydroxysilyl benzenc and with a

mixtture of bist1,l-tetramethylenie-3-phncjylureido)methylvin.ylsilane and -dinethylsilane.

For copolymers containing 95'( dimethyl- and 5'; methy'lvinylsiloxane and for

copolymers containing 92.5'; diniethyl- and 7.5'; vinylmethyl, and for polymer
containing 100' vinylmethylsiloxane, the ll NMR. the IR. the ('13 NMR were

presented and discussed. After reprecipitation from THF into methanol, the mole-

cular weights were: 5/r methylvinylsiloxane, Mn 67,000, Mw 119,000: for 7.5%'

12
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1 ,4-Disila-2,5-Cyclohexadiene berivatives

These compounds can be considered similar to the bis(silyl)arylenes in that
such compounds would constitute a bulky disilyl group if homopolymerized or
copolymerized with other groups, such as siloxanes.

Hexachiorodisilane reacts with acetylene at 450-550'C in a quartz tube to
produce 1,1.4,4-tetrachloro-1,4-disila-2,5-cyclohiexadiene in a 30% yield.6 9 .7 0  The
reaction between 1,1, 2,2-te tram etho xy-1, 2-dimiethydisilane with acetylene at 400'C
produced, I ,4-dim ethoxy- 1 4-dim ethyl-l ,4-disila-2,5-cyclohiexa die ne inl a 60W4 yield;
this is a liquid, with a boiling point of 1O0 C/4Omm the HI NMR and the IR
were described. 7 I

1,1 ,2,2-Tetramnethoxy-l .2-dimethyldisilane reacted with dimethyl-acetylene to
produce 1 .4-dimiethoxy- 1,2,3 .4,5 ,6-hexamnethiyl-1I,4-disila-2,5-cycloliexadiene ;72. 3 and the
reaction between 1,1 ,2,2-tetramethoxy-l ,2-dimiethyldisilane and I .2-diphienylacetylene -

produced I ,2,5,6-tetraphenyl-1I,4-disiia-2 ,5-hexadiene. 7 2

OTHER DERIVATIVES

Bis(chloro-t-butyi)benzene (tle preparation is described) reacted. it) THF
solvent, with magnesium and dimethylchlorosilane to form bis(dill)eth ylsilyl-g-bu tyl)
benzene. Thle diethoxy analog was made. By NaOH hiydrolysis. p-bis( I 1-dimlethyl-
2-dimethylhydroxysilyl)ethyl benzene was made. Thiis was polymerized in thle
presence of K01-1. 7 4

Benizylphienyltrichllorosilance reacted with trichlorosilane. 3000 C, in thle presence
of BC13 to producc a 1 7; yield of bis(trichilorosilylphlenlyl)mlethiane and benzyl-
trichlorosilane reacted with trichlorosilane in the presence of BC13 at 300'C to form
a I16',( yield of (trichlorosilyl )triclilorosilylmethyl benzene. tri ime thylp henylsilanle reacted
with trichlorosi lane under the same reaction conditions to form a 37-7., yield of
jmiXture of compounds of formula ((CH-nC!3.nSi)2C 6114.7

POLY(ARYLENE-SILOXANES I

p-BIS(SILYLBENZENE) DERIVATIVES

p-Bis(duteth yll yd ro xysilyl Oben zene Polymers

Homopolymers. 13is(dIiinethlhIlydroxysilyl ))bcni/cnc %wjs Iioniofpol iucri/vd. Liimn
as catalyst ni-hexylaincii-2-ethiylhiexaiioate. 2 or hx hieatin tic dliilanii I wit i .
NaOli in Ni to 250'C for 47.5 hiours. .5 Ictrac~ anoctli \lcnkc i\, ;n ~ilc
catalyst. effectively hiomopolytuerizing thle dksilaii( ol

.0
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NAPHTHALENE AND ANTHRACENE DERIVATIVES

The (;rignard preparation in THF of I ,4-bis(dimethylhydrogensilyl )naphthalene
was describe.d. This was converted to the corresponding bis-silanol by ethanolysis.
followed M NOB hydrolysis. Sonme physical properties were listed.8 The reaction
between 2 .7-di bromio-naphthialene. dimethiyldichilorosilane, and magnesium in ether
produced 2. 7-blis( inwithiylchilorosilyl )naphtlialene and polymeric materials.6 1

9,i 1 O-Di),ithio-9. I 0-dihydroanthracene reacted with dimethylchlorosilane to
produce a 59', yield of' 9.l0-bis(diinethiylsilyl)-9,l0-dihiydroanthracene.62

Naphthalene reacted (1303 catalyst. 300'C) with an excess of' tric hlorosi lane
to produce b~is(trichilorosilyl )naphlthialene (in a yield of' 1 6'/) and hydrogenated
naphthalene derivatives. When this reaction was conducted with methyldichilorosilane.
the products consisted of around 1 0, bis(rnethiyldiclorosilyl)naphitlalene., along
with hydrogenated naphthalene derivatives.6 3

I ,4-Dirnethylnaphthialenes and I .5-dimetiiylnaplithalenes were heated with
tc hlorosilane at 66 0 'C and produced 1.1 -dicliloro-5- and -6-methiyl-I -silaacenaphthenes
in approximately 30%/ yield. If these products were passed through the tube with
trichlorosilane, then tetrachloro-l .5- and I .6-disilapyracenes were formed in a yield
of 85'/%.64 Thle pyrolysis of dichloro-l-naphthylsilane under these conditions produced
1.1 .2.2-tetrachiloro-l ,2-disilaac-enaphthiene, along with I ,2-dichiloro-1 .2:1 .2-di-l .8-
naplithalenedisilane.6 5  2-Biphienyl trichiorosilane and trichiorosilane reacted under
these conditions to produce 9,9-dichloroA-trichilorosilyl-9-silafluorene in a vield of'
5/r66

In a' direct synthesis reaction, passing dichlorophenyl1-o-chlorophen ylsi lante over
a contact mass containing 25% copper, 4(;f'CdCl-2, 3%Co 3O4, and 68',, silicon at
540'C resulted in a yield as high as 60%/- of 9,9,1OlO-tretrachloro-9.10-dihydro-9,l0-
disilaanthracene.67 In an extension of this effort, it was found that o-dichloro-
benzene reacted with a contact mass of silicon, copper, and small amounts of'
zinz, cadmium, and cobalt compounds to produce 9,9 ,lOlO-tetrachloro-9.lO-dihydro-
9. 1 O-disilaanthracene.68

DURYLENE DERIVATIVES

The Grignard preparation in TH-F of his(dinwithiylh~ydrogensiyl)-dutrylene was
described. This was converted to the corresponding bis-silanol by ethanolysis.
followed by NaO[H hydrolysis. Some physical properties were listed.8

10
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temperature from TGA corresponding to 10'/'' weight loss was 3500 C. For poly-
diphenylsihnethylene (mp=340 0 C), the temperature from TGA corresponding to I0 i
weight loss was 3900C.I07

A low-molecular weight sample of polydiinethylsilmethylene, when pyrolyzed
to 585 0C, left only 1l11 residue, and was not regarded as an effective SiC
precursor. 154 In another study, TGA results indicated that one high-molecular-
weight sample left a 101,c residue at 670'C and another sample left a 5'; residue
at 660'C.126 However, the thermal decomposition of polydimethylsilane produced
polymethylsihnethylene, (SiH(CH3 )CH2)n: this decomposed upon further heating to
form SiC.155,156,

15 7,15 8 159

CONCLUSIONS

Of the various types of thermally stable elastomers. two types are worth
tL:rther investigation: silarylene-siloxane polymers and polysilmelhylenes. The silarylene-
siloxane polymers and the polysilnethylenes are more thermally stable than the
corresponding polysiloxanes.

The preparation and properties of alternating copolymers that were prepared
from the condensation polymerization of arylenedisilanols with silanes. disiloxanes.
and other silicon compounds were described. The preparation and properties of the
known arylenedisilanols have been presented in this report. The bis-silanols were
generally prepared by the Grignard addition of halosilane to dihalobenzene. a process
that would be expensive if conducted in a large-scale operation. In this report,
reactions are described that may potentially yield a bis-silanol at reasonable cost.
For example. the reaction of 1,2-dichlorotetramethyldisilane with p-dichlorobenzene
reportedly yielded p-bis(chlorodimethylsilyl)benzene. Likewise. the reaction of I.1.22-
tetramethoxydimethyldisilane with acetylene to form 1,4-dimethoxy-l,4-dimethyl-1,4-
disila-2.5-cyclohexadiene is worth exanwining. It should be possible to hydrolyze this
to the bis-silanol and produce alternating copolymers, via condensation, that are
thermally stable. Hence, there are several possible approaches to the cost-effective
preparation of thermally stable silarylene-siloxane polymers.

There is a substantial literature regarding polysilmethylenes. generally prepared

by the ring-opening polymerization of 1,3-disilacyclobutanes to produce the polymer:
discussed most frequently is polydimethylsilmethylene, prepared from 1,1,3,3-
tetramethyl-l.3-disilacyclobutane. A Grignard method was used for the preparation of
the disilacyclobutane, although it can also be made by the thermolysis of

%. I .1-dimethyl-l-silabutane. Polydimethylsilmethylene is (1uite thermally stable, although
it did not yield SiC upon thermal decomposition.

24
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NOMENCLATURE

bp Boiling point
C1 3  Carbon-13

DMSO Dimethylsulfoxide
DP Degree of polymerization
d25  Density at 250C
GPC Gel permeation chromatography
IR Infrared
Mn Number average molecular weight of a polymer
mp Melting point

Mw Weight average molecular weight of a polymer
NMR Nuclear magnetic resonance
nD  Index of refraction
nD 25  Index of refraction at 25C

Tg Glass transition temperature
TGA Thermogravimetric analysis

THF Tetrahydrofuran
77 Intrinsic viscosity
IT Pi
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