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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 silarylenc. 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
tirst type of elastomer considered here, silarylene-siloxane polymers. is prepared by
condensation polymerization of a siloxane (or di- or trisiloxane). such as dichloro-
dimethyisitune  or  bistdimethylamino)dimethylsilane, with a  bis-silanol. such as
p-bis(hydroxydimethylsilyl)benzene. In the next section of this report the preparation
and physical propertics 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 couid 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 clastomers described in this report is the
polysilmethylenes. The polysilmethylene most frequently described in the literature.
polydimethylsilmethylene, was gencerally prepared by the ring-opening polymerization .
of 1.1.3.3-tetramethyl-1 3-disilacyclobutane. Other types of polysilmethylenes have A
been described: these were prepared by substituting another group for methyl. The -9
fourth section of this report describes the literature methods for preparation of
1.1.3. 3-tetramethyl-1 3-disilacyclobutane  and  other 1.3-disifacyclobutane  derivatives. .
The fitth  section  describes  the literature  methods tor the polvmertzation of the S
cvelic monomers to the polysilmethvlenes and  deseribes the physical properties of R
these polymers.
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BIS(HYDROXYDIALKYLSILYL)ARYLENES

PHENYL DERIVATIVES

p-Phenyl Derivatives

The type of bis(hydroxydialkylsilyDarylenes most frequently described in the
literature arc those in which the arylene group is p-phenyl. Most of the examples
ot the preparation of p-bis(hydroxysilyl)benzene compounds were those that use
the Grignard reaction of p-dibromobenzene, magnesium, and a silane to form a
bistsilyl)benzene,  tollowed by hydrolysis to make the corresponding  bis-silanol.
Other methods were used to produce p-bis(silyl)benzene compounds, and these
are also described here.

p-Bis(dimethylhydrogensilyl)benzene  was  prepared  from  the  reaction  of
dimethylchlorosilane, magnesium, and p-dibromobenzene in tetrahydroturan (THF)2-5
or in cther.2® Another method of preparation of bis(dimethylhydrogensilyl)benzene
wos the reaction or p-dichlorobenzene with dimethylchlorosilane in the presence of
dispersed sodium in octanc/ether in the presence of ethyl acetate.” p-Bis(dimethyl-
hvdrogensilyl)benzene is a liquid with a boiling point (bp) of 60-61°C/1.5mm® and
112-113°C/29mm: ap-0=1.5007. and d15=0.8832.2.3

The Grignard  preparation of  p-bis(hydrogenmethylphenylsilyl)benzene by  the
reaction of p-dibromobenzene with methylphenylchlorosilane and magnesium in THF
was described:?3-8  the physical properties of the liquid were bp=60-61°C/1.5mmbé
and 112-113°C/29mm. and np=5=1.5892.8

p-Bistdiphenylhydrogensilyl)benzene  was  prepared  from  the  reaction  of
p-dibromobenzene. magnesium, and diphenylchlorosilane3.8,9.10.11 ¢ s 4 solid with
a melting point (mp) of 105-108°C:3.8 the infrared spectrum (IR) was described.!2

These bis-silanes were converted to the bis-silanols by ethanolysis, followed by
NaOH hydrolysis:2-3.6.8 for example. the bis(dimethylsilyl)benzene was reacted with
ethanol containing sodium, then NaOH, and neutralized with potassium dihydrogen
phosphate to make bistdimethylhydroxysilyl)benzene. 2

Another  method of  preparing  p-bis(hydroxydialkylsilyl)benzene  was  the
Grignard reaction of p-dihalobenzene. magnesium, and dichlorodialkylsilane. to make
the  p-bis(chlorodialkylsilyl)benzene. followed by hydrolysis. In the Grignard prepa-
ration of bis(chlorodimethylsilyl)benzene with magnesium and dichlorodimethylsilane.
it was found that ecther was an cffective solvent when p-dibromobenzene  was
used: A 12130405 however, when  cther was used as the solvent with p-dichloro-
benzene. then only a mono-reaction took place with magnesium and dichiorodi-
methylsilane  to  form  p-chlorophenyl dimethylchlorosilane.  However, it THF  was
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used as the solvent in this reaction rather than ether, then p-bis(chlorodimethylsilyl)
benzene was formed.16.17  Bis(chlorodimethylsilyl)benzene is a solid; mp=85-86°C.
bp=101-102°C/1.0mm4 and 150-155°C/19mm. In addition, the Grignard preparation
of p-bis(chlorodiphenylsilyl)benzene was described, using diphenyldichlorosilane in
THF: it is a solid. mp=195-198°C.13

Another method described for the preparation of p-bis(chlorodimethylsilyl)
benzene was the reaction between a disilane and a dihalobenzene. Halophenyl and
p-halotoluene were converted to the trimethylsilyl derivatives by the rcaction of the
haloaryl compound with hexamethyldisilane and potassium methoxide in hexamethyl-
phoric triamide at 25°C in good vyields: the reactivity increases in the order
CI<Br=1.18 p-Dichlorobenzene (10 m -mole). hexamethyldisilane (20 m-mole). and
1% Pd(PPh3)»Cla. autoclaved 40 hours at 200°C, vyielded a 48% yield of
p-pis(trimethylsilyDbenzene. 19 Under  the  same  reaction conditions the wuse of
1.2-dichlorotetramethyldisitanc resulted in a 53% yield of p-bis(chlorodimethylsilyl)
benzene.=0.21

Chlorobenzenes and  hydrosilane reacted to produce HCU and silylbenzene.
p-Dichlorobenzene and  chlorodimethylsilane (mole ratio of 1:3), upon irradiation
with 1.5-2.0 MeV electrons in sealed ampoules at 300°C. reacted to produce
bis(chlorodimethylsilyl)benzene in & maximum yield of 13%.22 Chlorophenylchloro-
Jdimethylsilane and chlorodimethylsilune reacted at 640°C for 60 scconds to produce
a4 3.8%¢ yield of bis(chlorodimethylsilyl)benzcnc.23 However, heating p-dichlorobenzene
with methylphenyvichiorosilane  or  p-chlorophenylmethylchlorosilane  at 650°C in a
quartz  tube yielded up to 25% p-bis(phenylmethylchlorosilyl)benzene. a  liquid.
bp=187-196°C/1-2mm. density 1.1815 giem3. np-0=1.6072.24

p-Bis(chlorodimethylsilyDbenzene  was  converted to  p-bis(hydroxydimethylsilyl)
benzene by NaOH hydrolysis:l: by the reaction with ammonium  hydroxide in
cther:!'7 by reaction with cthanol and then NaOH#A-6 and by reacting with aqueous
NaOH  in ether 141525260 For example, the  ether solution of the  bis-chloro
compound reacted  with an aqueous solution of atkali at -12°C for 1.5 hours: the
aqueous  solution ot sodium  silanolate  was  neutralized  with  dilute  acetic  acid.
torming a pure prmiucl.37

Another method  tor  the  prepuration of - p-phenylenedisilanes was by the
Grienard - method,  using  pedibromobenzene. magnesium, and - dinlkoxydialkylsitanes
Jther Using this method  the preparation of bistethoxydimethylisilyhibenzene and
the corresponding methylvinyl compound  was  described. 12 THF was found to be
the preterred solvent in the Grignard preparation of bis(propoxydimethyisilyllbenzene
or the cthoxy  compound. from the reaction of p-dichlorobenzene. magnesium. and
Jimethytdipropossysilane or dnncth)ldiclho\.\‘silnnc.lg-z(’ Bistethoxvdimethvisils Ty
ponzene was hvdrolyzed  with NaOil to give the bisssilanol. 29 Bistalkosy dimethy -
abvbibenzene was also comverted o the corresponding  distlanol by reactng with
20 Another
method  to convert  bisteihoxydimethylsilvhibenzene  to the bissilanol was 1o readt

water-miisarble solvent and  a small amount  of water and  retluxing
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with BF3-etherate to form the bis(dimethylfluorosilyhbenzene, followed by reaction
with ammonium hydroxide.31

The physical properties of a number of the p-bis(hydroxysilyl)benzene com-
pounds were presented. 32 These materials are solids. For p-bis(dimethylhydroxysilyl)
benzene, the melting point 18 136-137°C.33 The IR spectra were described. #2732
and the nuclear magnetic resonance spectra (NMR) in CCI44 and deuterated DMSQ®
were presented. For p-bis(methylphenylhydroxysilyl)benzene, the IR was presented:! 2.34
the melting  point is 128-140°C.12.33 and the H! NMR was described.!2 For
p-bis(diphenylhydroxysilybhbenzene,  the  melting  point  is  224-226°C, 1233 or
226-228°C9 the IR and Hl NMR were described.33 For p-bis(hydroxymethylvinyl-
silvhibenzene. the melting point is 95-96°C.29

m-Phenyl Derivatives

m-Bis(dimethylhydrogensilyDbenzene  was  prepared  from  the  reaction  of
m-dibromobenzene, magnesium, and  dimethylchlorosilane in THF: it is a liquid.
with g boiling point of 58-59°C/1.1mm. n[)35=l.4974. d25=0.8703.8 The properties
ot m-bis(ethoxydimethylsilyl)benzene  were  presented.33  Hydrolysis of this produced
m-bistdimethylhydroxysilyl)benzene.  a solid. with a melting point of 81.5-83°C.8
m-Bistchlorophenylmethylsitylhbenzene  was  .ikewise made: it is a liquid, with a
boiling point of 179-185°C/.07mm. The corresponding disilanol is a solid. with a
melting point of 101-102°C: the H! NMR was described.33

The reaction between m-dibromobenzene with magnesium and 3.3 .3-trifluoro-
propyldimethylchiorosilane in THF to prepare m-bis(3.3.3-trifluoropropylmethylchloro-
slvhbenzenedS and  the reaction  between  mi-dibromobenzene  with magnesium  and
3.3.3-trifluoropropylmethylchlorosilune  in THE  to  make m-bis(3.3.3-trifluoropropyl-
methylhydrogensilyDbenzene33-36  were  described,  along  with  the  procedure  for
hydrolysis of these (using NaOH/NallaPO4 solution. with Pd/C) to make the bis-
silanol.30 Another preparation of the bis-silanol was the in-situ Grignard reaction
of  m-dibromobenzene.  magnesium,  and  diethoxymethyl-(3,3.3-trifluoropropyl)silane.
followed by hydrolysis: for the bis-silanol. the boiling point is 140-142°C/0.1mm.37

Other Bis-Silyl Benzenes

A number of other bistsilyl)benzene  derivatives  have  been prepared by
reactions other than the Grignard mcthod. The reaction between chlorophenyl and
hvdrosilane  groups was found to produce HCI1 and the phenylsilyl eroup under
certain - conditions.  The reaction  between  p-dichlorobenzene  and  trichlorosilune  at
300°C and 60 atmospheres under  cobalt-60 irradiation produced a 507 yicld of
p-bisctnichlorosilylhbenzene: under similar - conditions,  dimethylehlorosilane  produced
R monosilyllwnzcnc:"3-3” Dichlorobenzenes  reacted  with  hydrochlorosilanes  (mole
ratio  1:3) in scaled ampoules under irradiation with 1.5-2.0 MeV  clectrons  at

6

MR

RSN S ol
. T N IR SR LR AN YRS RPN SR e

IR AR RIS ST, WV SR SN SP Vl Th Sol Tl S .. APVEP RPN WAEPN W
ey e .

P—

sk,

EN

P ]

.":‘.'."-' ,
C ' -'-"" .
by a2 .

P

.
[P 2 R

H




NWC TP 6499

300°C. Under these conditions, the reaction between trichlorosilane and either m- or
p-dichlorobenzene produced the corresponding bis(trichlorosilyl)benzene in a yield of
around 60%. In the reaction between dichloromethylsilane and dichlorobenzene, the
yield of bis(methyldichlorosilyl)benzene was around 50% for the para isomer. 38%
for the meta isomer, and 187 for the ortho isomer.22

Heating p-dichlorobenzene and methyldichlorosilane produced bis(methyldichloro-
silyDbenzene, along  with  other products. 4041 p-Dichlorobenzene/benzene  mixture
reacted  with  methyldichlorosilane  at  640°C  for 30 scconds to  produce
p-bistmethyldichlorosilyDbenzene  in a  yield of 742 p-Dichlorobenzene/benzene
mixture reacted with trichlorosilane at 640°C and 30 seconds to produce a 15%
yield of p-bis(trichlorosilyl)benzene:42  p-dichlorobenzene and trichlorosilane reacted
at 620-640°C to form a 21.4% vyield of p-bis(trichlorosilyl)benzene. Under these
same conditions, a  mixture of trichlorosilane and (p-chlorophenyDtrifluorosilane
reacted to produce a 40% vyield of |-trifluorosilyl-4-trichlorosilyl  benzene;
chlorophenyltrifluorosilane and dichloromethylsilane reacted to produce a 33.3%
yield of methyldichlorosilyl trifluorosilyl benzene: trichlorosilane reacted with
p-chlorophenyltrichlorosilane to produce a 65% yield of p-bis(trichlorosilyl)benzene:
and chlorophenyltrichlorosilane and dichloromethylsilane reacted to produce a 52%
vield of methyldichlorosilyl trichlorosily! benzene 43

A number of reactions between equimolar mixtures of chlorohydrosilanes and
<hloroarylalkylehlorosilanes were conducted at 640°C for 60 seconds. The reaction
between  tnichlorosilane  and - chlorophenyitrichlorosilane produced a 487 yield of
histtrichlorosilyDibenzene 23 Jichlorovcnlorophenyhimethylsilane and  trichlorosilane
produced o 4027 vield ot T-tdichloromethy bsily D-4-(trichlorosilyl)benzene; chloro-
phenylchlorodimethylisilane and  trichlorosilane produced a 15%  yield of 1-trichloro-
silylhenzene:  chlorophenylmethyldichlorosilune  and  chlorodimethylsilane produced a
387 yield  of  I-dichloromethylsilyl-4-chlorodimethylsilylbenzene;  chlorophenyltri-
methylsilane  and  trichlorosilane produced  a 6.5%  vield of  I-trimethylsilyl-4-
chlorosilylbenzene and o 4.3 yield of  l-chlorodimethylsilyl-4-trichlorosilylbenzene:
chlorophenvitrimethyisitane  and  methyidichlorosilane  produced a  5.60 vield of
(trimethylsilylrdichloromcethyilsilyvlbenzene and an 8% yield of (chlorodimethylsilyl)-

. . hl
methyldichlorosilylbensone. 23

Heating  dichlorodipbienyvisilane to - S007C resulted mm a0 10,09 vield ot
p-tehlorodiphenyisitvrphenyidichlorosilyl benzene  Heatng  phenylirichlorosilane to
T207C rosulted inoa 25250 vield o higher boihing  materialds that consisted of
bistchiorophiemy Dsilvl - benzenes#S  and heating phemvidichlorosilane to 450-3507C
for 8 hours resulted in dichlorophenyisitvl dichlorosilvl benzene and  higher-boiling
dertvatives. Heating a 121 molar mivture of phenyidichlorosilime and methydic! foro-
Jlane  resulted  inoa residue contaning (methividichlorosidh Ddichlorosihy benzene 30

In the reaction  between an anyisilune and o chlorohiydrosilane cataly zed by
BClz. o hydrogen in the phenyl group is replaced by the chlorosilvl eroup. torming
4 silivon-phenyl bond 47.48.49 In the direct synthesis preparation ot phenyl

7
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trichlorosilane and  diphenyldichlorosilane from the BCIl3-catalyzed reaction of

benzene and trichlorosilane, there were stillpot residues containing, among other
substances.  bis(trichlorosilyDbenzene and  phenyldichlorosilyl trichlorosilyl  benzene
resulting from further reaction of the desired product with HSiCl3:50 this residue
constituted 5-10%¢ of the products of this reaction.>! 1f an excess of trichlorosilane
was used in this reaction. there was a greater yield of bis(trichlorosilyl)benzene.52.53
The reaction between  phenyltrichlorosiiane  and  trichlorosilune  produced primarily
bis(trichlorositvDbenzene,  some  phenyldichlorosilyl  trichlorosilyl  benzene, and a
smaller amount of bis(trichlorosilylphenyl)dichlorosilane. 47.48.49

For the reaction between  hydrochlorosilanes and  aryl materials, BCl3  was
found to be the best catalyst. compared to AlCI3 and others. The reaction between
benszene  and  methyldichlorosilane  with  BCl3  catalyst  produced the expected
phenylmethvldichlorosilane:  but, at temperatures above 240°C. further reactions
between  the  phenyl and  the silane  took  place. producing  substantial  stillpot
residues.#8.49 Heating  diphenyldichlorosilane with AICl3 at 210 to 250°C for 4t
hours resulted in a reaction  between the phenyl and  the chlorosilyl  grouy
producing  bistdichlorophenylsilylbenzene  and polydichlorosilphcnylcncs.54 Heatin,
chlorobenzene with trichlorosilane in the presence of BCl3 or AICI3 produced some
chlorophenyl trichlorosilane and also some distillation residue containing bis(trichloro-
silyl)chlorobenzene. 55

XYLYL DERIVATIVES

p-Xylyl Derivatives

The preparation of p-histhydrogendimethylsilyl)xylene by the Grignard reaction
of xylene dibromide with  dimethylehlorosilane  and  magnesium  in - THF  was
deseribed; it is a liquid. with a boiling point of 81°C/0.8mm, np25=1.5002,
d25=0.8203.3-8  This was converted to the bissilanol by basic hydrolysis: the
bis-silanol is a solid, with & melting point of 121-122°C.8

m-Xylvl Derivatives

To prepare  m-bistdimethylhydroxysilyhxylene, mi-xylene  was  first brominated
with N-bromosuccinimide in CClg under UV irradiation to make dibromo-m-xylene.
This  reacted  with  dimethyldichlorosilane  and  magnesium in THE  to make
m-bis(dimethylhvdrogensilyDxylene:  this  reacted  with  sodium  cthoxide and then
NaOH to make the desired bisssilanol. Physical properties ot these. including 1R,
NMR. boiling point. etc.. were presented.  The  bistmethylphenylhydrogenatosilyl)
derivative was made similarly  from mi-xylene and methylphenvichlorosilane, The IR,
NMR. and physical propertics of these materials were presented. 50
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Other Xylyl Derivatives

The reaction between chloromethyltrichlorosilane and benzene, at reflux in
the presence of AICl3, produced a 75% vyield of o- m-. and p-bisttrichlorosilyl-
mcthyl)lwnzenc.57

TOLUENE DERIVATIVES

24-Bistdimethylchlorosilyl)toluene  was made in a Grignard reaction. consisting
of the reaction ot 24-dibromotoluene and dimethyldichlorosilane and magnesium
in cther. It is a liquid. with a boiling point of 105-107°C/1.5mm.58

p-DIPHENYL DERIVATIVES

The  Grignard  preparation ot p-bis(hydrogendimethylsilyl)diphenyl by the
reaction of the diphenyldibromide with dimethylchlorosilane and magnesium in THF
was deseribed: it is a liquid, with a boiling point of 140-141°C/.85mm. d25=0.963,
ap-S=1 4723 38 This was converted to the corresponding bis-silanol by ethanolysis,
followed by NaOH hydrolysis. The bis-<ilanol s a solid, with a melting point of
[76-180°C™  The Gngnard  preparation of 4. 4-dis(ethoxydiphenyisilyl)biplienyl  and
4 4-bistmcthoxcdiphenyisilyhiphemyt and - the  properties  of these  materials  were

dosoribed Y 4 4 -Dibromodiphernt! o =diphenyl ether reacted with Fanlithium to
torm the  dibithio denvative. vas roacted  with dichlorodimethyisilan 1o produce
4.4 hastchlorodimethyistybdiphers v =dipheny o cther™ 44 Bophon D dilithium

was used e the preparation or -3 -misamethosydipheoy s Dbiphenyl: the properties

. J¢
were deseribed MY

Biphenyl and  trichlorosilane 1.4 mole ratio. 300°C. BCIy catalyst) reacted
1o produce o 31,297 yield ot monosilyl adduct and o 20.7 vield of disilvl adduct.®3

p-DIPHENYL FETHER DERIVATIVES

;2 Bisthyvdrocendimethylsilyhdiphenvt - ether was prepared by the Grignard
reaction  of - padibromodiphienyl ether with dimethylelidorosilane und - magnesium in
PR 00 as a0 higqend, withe o botling pomt of [32°C 5mm. ”l):‘\’f S47K. \ilst().‘)7(a~‘«”'
his was comverted  to the corresponding  bisssilunol by cthanolysis. tollowed by
NaOH budrolvsis. ¥ p-Bistethoxy dimethyisiivhdiphenyl  ether was  prepared  from
p-dibromaodiphenyt ether. followed by cthanolysis and NaOH reaction to form the
Beoctanol 02 The TR was presented 34 This bissilanol s a sobd, with o melting

pomt of 103104 Cothe HENMR was presented 33

p-Bistisromophenybether reacted  with chilorodimethyicthoxysifane m sodiuim o
produce  bisp-dimethyletaoxysilvipheny by ethers This was hvdrolyzed withe NaOH

wlutton to torm the bis-ubanol 3334
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materials. Dichlorodimethylsilane reacted with this complex to make polydimethyl-
silmethylenes.t47  The reaction between  silicon, containing 10% copper.  with
methylene  chloride in a nitrogen stream at 300°C. produced a small fraction of
residue consisting of polydichlorosiimethylene, along with trichlorosily!l dichlorosilyl-
methane, bis(trichlorosilyl)methane. dichlorosilmethylene trimer. 148

PHYSICAL PROPERTIES OF POLYSILMETHYLENES

Polydimethylsilmethylenes  of molecular  weight 6,000.000 were announced:
they were described as clastomers. 149 Various physical properties ot polydimethyl-
silmetivlene were presented. 98 The  polymer physics of polydimethylsilmethylene
were  deseribed 130 The gums  produced from  the polymerization of 1.1.3.3-tetra-
nmethyl-1.3-disilacyclobutane,  using  cyclohexene  platinous  chloride  complex, were
cured with dicumyl peroxide: they were compounded with ground quartz and fume
sifica: the procedure was described. Rubber samples with an ultimate tensile strength
of 650 psi and a corresponding  clongation of 320%¢ were made. This rubber
maintsined  satisfactory properties after heating at 150°C for 20 hours.!3! In
another study. the clastomer was formulated with fume silica and ground quartz.
cured with dicumyl peroxide to give sheets of rubber that pessessed nearly uniform
tensile properties between -78°C and 150°C. For these rubber samples. the ultimate
clongation was in the range of 200-350%, and the hardness was in the range of
10-45 BS.!<7 Polymethylphenylsilmethylene varied in properties from a clear. tough
rubber to a glassy resin, depending upon DP. Copolymers of dimethyl and methyl-
phem ! silmethylene were generalty rubbery 125

Ihe  thermal  depolymerization  of  polydimethylsilmethylene  requires  a
substantiafly  higher  activation  energy than  does  polydimethylsiloxane. as it docs
not have the same fow-cnergy path tor decomposition: however. the depolvmerization
ot stimethylenesitoxane  sifethvlene-sitoxane  polvmers was found similar to that of
polydimethylsiloxane 152 Polydimethylsilmethyiene is  more  thermally  stable. and
more  resistant to alkalis and  acids than the corresponding  polysiloxane. 140 The
thermal stabi'ity i helium is good. with 107 weight loss at 600°C for a sample
precipitated tfrom hesane solution ] 20 For o potvdimethylsilmethylene of molecalar
welght 300.0000 the TGA in nitrogen  indicated  substantial  thermal stability: the
werghit doss e 30 mimutes was B0 at 4007C and 200 ar 450°C 127 This polyvmer
cantowitnstand 420 Cooand nas been recommended tor use as a0 ozas chromatography
stationgry phase 'S

Palvdimethyvisilmethyviene is not very stable to ovidation:d 27 oxidative  thermal
devradation was Tound 1o take place at temperatures less than 3008C. 1200 for
polvsloicthvienes containing both methnl and pheoavl groups, the oxidative thermal
stabifits increased with the phenyl content. tor cxample. the TGA onset temperature
oo o polvdinectha INilecthiv leae o was s 200 O tor o pohvsiimethiviene contaming
atie phenvt group for every three methyl groups, the corresponding temperature was
200 C For o polvmethviphenyiibmethslone, o sttt maternial, the Te was 187C and the
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ranging from 400.000 1o 4.000.000.132.133 The thermal polymerization was studied.
and a kinetic equation was derived. It was tound that the molecular weight of the
resulting polymer increased  with reaction temperature in the range 140-240°C. and
time in the range 1.5 to § hours. When the temperature was held at 160°C, the
conversion  of  monomer  to  polymer increased. not only  with  time. but  with
monomer concentration in toluene solution. ¥4 At 320°C. the monomer polymerized
to a white. clastomeric substance. When heated to 380-400°C for 3.5 hours. the
cvelic trimer.  hexamethyltrisilacvelohexane,  polymerized to a rubbery material. 1 35
1.1.3.3-Tetramethyl-1 3-disilacyclobutane  polymerized at 300°C (1.5 hours. 400 psi)
to a polymer of degree of polymerization (DP) of around 200:119 in uanother
cffort. using the same experimental conditions, a viscous oil of molecular weight
15.000 was produced. and other 1 3-disilacyclobutanes were also polymerized.103.104

1.1.3.3-Tetraphenyl-1.3-disilacyclobutane polymerized upon heating to 180-200°C,
2.4 hours. to make a white powder with a crystalline melting point of 340°C.136

METAL COUPLING REACTIONS

Low-moleculur-weight polvdimethylsilmethylene was made by reacting a mixture
ot dichlorodimethyisilane  and  chloromethyldimethyichlorosilune  with  sodium in
retluning toluene. This reaction also took place if ethoxy groups were substituted
tor chlorme 137 The reaction of chloromethyldimethylehlorositane  with magnesium
produced  chlonde-terminated  dimethyisilmethylene  oligomers:  the lower homologs.
DP 130 could be distdled out. leaving  higher molecular-weight  residue.  Zine or
sodium  could  he  substituted  for  magnesium in this  reaction. ! 38 Cliloromethyl-
Jimethvichiorosilane, contaming minor amounts of bistchloromethyhmethylchlorosilane,
reacted  with o sodium i toluene to make  viscous  polvdimethylsilimethylene
P39 Biscchloromethyvhdimethvisilane and  bistchlorodimethylsilylhmethane
reacted  with sodium in toluene, under retlux. to tform  polvdimethylsilmethylene
macrocy e 0 ir was stated  that the polydimethylsilmethylenes  produced  were
cvohie Compounds. 141

olieomers

Chloromethyldialkylchloro- (or ethoxy-) silanes  react with molten sodium 1o
make  carbostlane polviners. For example, sodium, added to chloromethytdimethyl-
sthosvsibane under reflux, produced o variety of products, including o residue that
was an o ol of molecular weight 5620 Chloromethyldimethylchlorosilane reacted with
sondium o svlene at 110°C to produce o viscous oil. This oil was distiliable above
3507°C. andicating the high thermal stability,  Likewise prepared  were methyvlphenyl-
and methylbutyl-carbosilane polymiers. 142143 Thiy process was moditicd by adding
trimethvisilyl chloride  or  cthoxide: physical  properties  of o number ot these
matertals were presented, T4 145036

Aunnnem containing 3 copper reacted  with methvlene chilonde to torm o
viscous  complex. This compley reacted with trimethylchlorosilune 1o torm vanous

products. inctuding  the dimer and  trimer of dimethyisiimethylene and  hien-boiling
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bulk compared to solution polymerization. Other disilacyclobutanes were also
polymerized: under these conditions. methoxymethyl- and chloromethylsilmethylene
polymers were generally viscous liquids.125 These were polymerized with chloro-
platinic acid catalyst under several conditions. In the presence of 10% water. only
a low-molecular weight polymer was formed in poor vyield, but in the presence
of 17-23 ppm platinum catalyst, bulk polymerization produced polymers rather
rapidly at 100°C, of molecular weight greater than 100.000; a mechanism for the
polymerization was discussed.126 When Pt/C was used as catalyst at 90°C. the
polymerization proceeded exothermally. raising the reaction vessel temperature to
150°C. The polydimethylsilmethylene was clear and pliant, resembling poly-
isobutylene.126 Other types of disilacyclobutanes were also polymerized under these
conditions.124

Using di-u-chlorodichlorobis(cyclohexene)diplatinum (i1) catalyst, copolymers can
be produced from 1,1.3.3-tetramethyl-1,3-disilacyclobutane and  other 1.3-
disilacvclobutanes. Other disilacyclobutanes that polymerized to high molecular weight
were 1.3-diethoxy-1,3-dimethyl-1.3-disilacylcobutane and {,3-diphenyl-1 3-dimethyl-1,3-
disilacylcobutane. Under the same reaction conditions, 1,1.3.3.5,5-hexamethyl-
1.3.5-trisilacyclohexane and 1,1,3.3.5.5.7,7-octamethyl-1,3,5 7-tetrasilicacyclooctane did
not polymerize.127 1,1.3-Trimethyl-3-(3,3.3-trifluoropropyl)-1,3-disilacyclobutane was
polymerized by heating to 100°C in the presence of 28 ppm chloroplatinic acid to
a polvmer of Mw=150,000, this polymer was peroxide-cured to an elastomer that
had superior solvent swelling resistance, compared to polydimethylsilmethylene 126

Catalysts containing platinum or other transition metal compounds were used
in concentrations 1 part catalyst to 500 parts monomer. For example, the use of
chloroplatinic  acid at 70°C for 2 minutes resulted in a liquid polydimethylsil-
methylene  of  viscosity 300 ¢S: the use of di-u-chloro-dichlorobis(cyclohexene)
diplatinum  as catalyst at 70°C and 5 minutes resulted ina gum. The use as catalysts
of PtBra (70°C. 2 minutes), PdBra. RuCl3. and others produced gums. |.3-Dicthoxy-
1.3-dimethyl-} 3-disilacyclobutane was also polymenzed.! 28

a-Crotyl nickel chloride was used as a catalyst for this polymerization, in
concentrations  fess  than 1%, at  temperatures of 35-50°C. in  toluene  solvent.
Polymers of intrinsic viscosity greater than 1 dl/g were produced in some cases, 129
The salts of o number of transition clements were also studied as polymerization
catalysts: found  effective were AuCly. CuClas and CuCll in concentrations  around
170 the conditions  were 90°C, time 1-12 hours. Polydimethylsilimethylenes  with
instrinsic viscosities as high as 3.2 dffe were prepared. 30 AICI3 also polvmerized
the nng-opening polymerization ot silacylcobutanes. 131

THERMAL RING-OPENING POLYMERIZATION

. . .
Under very dry conditions, at temperatures to 250°C Yor o hours, 1.1.3.3-
tetrancthyl-1 3-distlacy clobutane . polvimensed  to clastomers  with molecn 0 weights
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l.1-dimethyl-1-silacyclobutane, passed through a quartz tube heated to 600°C
produced 1.1.33-tetramethyl-1 3-disilacyclobutane in 55% vyield, with ethylene as
by-product. Likewise, 1.1-dichloro-I-silacyclobutane, when heated to 680°C, produced
1.1.3.3-tetrachloro-1,3-disilacyclobutane in high yicld. 110111 n the former reaction,
(CH3)2Si=CH» is belicved to be the intermediate.!12,113 Heating 1,1,3-trimethyl-
I-sifacyclobutane resulted in  propene and 1,1.3,3-tetramethyl-1 3-disilacyclobutane.
Literature methods to prepare 1,1-dimethyl-1-silacyclobutane by ring closure to
allyldimethylsilane have been unsuccessful: catalysts tried were Pt/C114 and chloro-
platinic acid. 115

The gas-phase flow pyrolysis at 700°C and pressures less than 700 microns of
1.2-dimethoxy-tetramethyldisilane  gave. as major products. 1,1- and 1 3-dimethyl-
1.3-disilacyclobutanes in yields of 10% and 177116

Pyrolysis  of tetramethylsilane at 700°C produced 1.1.3.3-tetramethyl-1,3-
disilacyclobutane in 3.2% yield 117.118.119

PHOTOLYSIS METHODS

1.1.3.3-tetramethyl-1 3-disilacyclobutane was produced in the mercury sensitized
photolysis of tetramethylsilane: theorized was the formation of (CH3)>Si=CH», which
dimerized.120 It was produced in 30% vyield by liquid-phase photolysis of tetra-
methylsilane. 121

ALKALI METAL METHODS

Bis(chloromethylDdimethylsilane  reacted  with  lithium in  ether to form the
dilithio derivative; dimethyldichlorosilane was added to the cther mixture and left
overnight at room temperature. Distillation of the products indicated a 244 vyield of
1.1.3.3-tetramethyl-1,3-disilacyclobutane. 122 The reaction between t-butyllithium  and
vinyldimethylchlorosilune  produced  46%  of 1.1.33-tetramethyl-2 4-dincopentyl-1.3-
disifacyclobutane: yiclds of 807 can be obtained by warming the rcactants from
-78°¢C. 123

POLYSILMETHYLENES

CATALYZED RING-OPENING POLYMERIZATION

LE33-tetramethyl-1 3-disilacyclobutane was  polymerized  with  chloroplatinie
actid catalyst. 9% 523 10 polvmenzed mo bulk with chloroplatinic acid solution. 0.01 «
mole ratio. 25°C. to a rubber with Mw of 200.000. Other catalysts of platinum
were also effective. It was found that higher polymer molecular weight resulted in
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In another preparation. a solution of chioromethyldimethylchlorosilane in THF
was slowly added to magnesium in THF: the mixture was refluxed 12 hours,
decanted. and added to HC1 solution: ether was added. and the organic layer was
dricd and distilled. In this procedure, 1,13 3-tetramethyl-1 3-disilacyclobutane was
produced in 20% vyield. it is a liquid, bp=115-117°C, n)y20=1.4412.101 Apother
preparation involved  the reaction of 1-chloromethyl-3-chlorodisilmethylene in THF
with magnesium in THF, refluxing 5 hours; 1,1.3.3-tetramethyl-1.3-disilucyclobutane
was produced in 65% vield.102 Other Grignard methods for the preparation of
1.1.3 . 3-tetramethyl-1 3-disilacyclobutane were also described,103.104,105

Other  disilacyclobutanes  were  prepared. and their physical properties listed:
1.3-dichloro-1.3-dimethyl-1.3-disilacyclobutane and others.%9 The Grignard method of
reacting  chloromethylmethyldichlorosilane  with  magnesium  to make 1.3-dimethyl-
1.3-dichloro-1 3-disilacyclobutane was described: this reacted with LiAlHg to make
1.3-dimethyl-1 3-disilacyclobutane, and  reacted with  phenylmagnesium  bromide to
make 1.3-dimethyl-1 3-diphenyl-1.3-disilacyclobutane. 100 The preparation of chloro-
methyimethylethoxychlorosilane  was  described: using  the above-described  Grignard
method. 1.3-diethoxy-1.3-dimethyl-1.3-disilacyclobutane was made, and the properties
were described.99.100

Reacting chloromethyldimettylchlorosilane  with magnesium produced 1.1.3.3-
tetramethyl-1.3-disilacyclobutane: (eacting chioromethyldiphenyichiorosifane or chioro-
methylmethylphenylchlorosilane  with  magnesium  resulted in 1.1.3.3-tetraphenyl-1.3-
disilacyclobutane  or 1,3-dimethyl-1 . 3-diphenyl-1 3-disilacyclobutane: likewise, chloro-
methyltrichlorosilane  produced 1.1.3 3-tetrachloro-1.3-disilacyclobutane: the propoxy
analog was also prepared.!06  Reacting  chloromethylmethylphenylchlorosilane  with
magnesium  resulted in 1.3-dimethyl-1,3-diphenyl-1 3-disilacyclobutane: reacting chloro-
mcthyldimethylchlorosilane mixed  with  chloromethylmethyldichlorosilane  with
magnesium  produced 1.1 3-trimethyl-3-chloro-1.3-disilacyclobutane: reacting this with
phenylmagnesium  bromide or allylmagnesium  bromide resulted in the corresponding
monophenyl or monoallyl disilacyclobutane: physical properties of these monomers
were prcscntcd.'07

To make fluoroatkyl-substituted silacyclobutane and polytluoroalkylsitmethylenes.,
the method of preparation of  the silacyclobutanes is to add a mixture of chloro-
methvidimethylchlorosilane  and  chloromethylmethyldichlorosilane  to magnesium,  to
make  the chdoromethyisdacyclobutane, and to  treat this  with  bromotluorocarbon.
such as 1.1 -trifluoro-3-bromopropane. and magnesium; in that case. 3-(3.3 3-trifluoro-
propyl 11 3-trimethyl-1 3-disilacyclobutane was  produced.  Likewise, the  dimethyl-
dit3. 3. 3-trifluoropropyl) analog was made. along with the corresponding polymer. 108

THERMOLYSIS METHODS

Several studies  have  shown that P -dimethyl-T-silaoy clobotine,  when
heated. produced 1.3 3 tetramethyl-1 3-disilacy clobutane 109110 bor sample.
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A number of the trifluoropropyl-containing copolymers were prepared. These
were shown to be superior in solvent resistance, compared to the all-methyl polymers:
however, the Tgs were higher, and the TGA decomposition temperatures were
substantially lower than the all-methyl polymers.93.94

BIS(»-DIMETHYLHYDROXYSILYLPHENYL)DIMETHYLSILANE
DERIVATIVES

Bis-(p-dimethylhydroxysilylphenyDdimethylsilane  was prepared from the Grignard
reaction of dichlorodimethylsilane and bis(p-bromophenyhdimethylsilane to form the
bis-chioro  analog: this was vconverted to the bisshydroxy derivative and then
polymerized in the presence of KOH to the homopolymer. a clear clastic solid that
could be mixed with fillers and peroxide-—cured.’8.96

POLYSILPHENYLENES

The di-Grignard reaction of 14-dibromobenzene with diphenyldichlorosilane in
THF/benzene at -80°C to produce polydipnenylsilphenylene was described.78 Poly-
diphenylsilphenylene was made also from the reaction of p-dibromobenzene, diphenyl-
dichlorosilane with sodium in retluxing xylene, and from the reaction of diphenyl-
dichlorosilane with p-phenylenedimagnesium dibromide. in cther. The polymer is a
brown resin.27 Polydimethylsilphenylene and polydiphenylsilphenylene were made from
the reaction of sodium and either p-chlorophenylchlorodimethylsilane or p-chloro-
phenylchlorodiphenylsilane.  Properties, including TGA. of these polymers were
described; decomposition temperatures (onsct) above 400°C were noted; thermal
stability increased with molecular weight. dowever, none of these were elastomeric. 13

DISILACYCLOBUTANES

GRIGNARD PREPARATIONS

To prepare 1.1.3.3-tetramethyl-1.3-disilacyclobutane. a solution of chloromethyl-
dimethylchlorosilane in THE was slowly added to a small amount of magnesium in
THE. and more magnesium was gradually added, with temperawure held to 30-50°C:
a vield of 350 was reported 98 Using the same procedure. a vield of 49,97 and
physical properties were reported.®? Ao reported in using this procedure was o 380
vicld of  FE33-tetramethy -1 3-disilacy clobutane, and some of  the oyvclic trimer as
ye-product. 100 In addition. there was reported  as by-product some  viscous  residuc
consisting of higher ovelic and linear polydimethylsilmethylenes. 99
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alternating copolymers of the bis-silanol and tetramethyldisiloxane; intrinsic viscosities _::-“- ::
to 3.5 dl/g were found. The polymers were cured with f-butylperoxybenzoate, and L R
milled with silica and ferric oxide. For some of these cured elastomers. ultimate N
stress to 600-800 psi, with corresponding strain to 50-150%, was found. TGA o

measurements of these polymers showed thermal stability above 300°C.29.91

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 polydimethylsiloxane. In comparing the thermal stability of aryl moieties, for
copolymers containing hexamethyltrisiloxane 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 400°C.34.92

m-XYLYL DERIVATIVES

a,a’-Bis(dimethythydroxysilyl ym-xylene was homopolymerized, using as catalysts
cither n-hexylamine-2-ethylhexanoate or 1.1,3.3-tetramethylguanidine. Molecular weight
for the homopolymer obtained from the former catalyst was 38,800:. for the latter
catalyst, 3400. For the former polymer, TGA measurcments showed 10°% weight loss
at around 530°C in nitrogen and around 300°C in air.36 In using 1.1.3.3-tetramethyl-
guanidine-2-ethylhexanoate as homopolymerization catalyst, the resulting homopolymer
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 polymer were
obtained.

To prepare alternating copolymers containing dimethylsiloxane or tetramethyl-
disiloxane  groups. either  bis(dimethylamino)dimethylsilane  or  bis(dimethylamino)
tetramethyldisiloxane  was reacted with the bis-silanol. either neat or in solution.93.94
These alternating copolymers were also prepared by the condensation of the bis-silanol
with  diacetoxysilanes,  resulting  in dimethylsiloxane and  tetramethyldisiloxane
copolymers of intrinsic viscosities between 0.5 and 1.0 dl/g.83

TGA data indicated that the homopolymer. dimcethylsiloxane copolvmer, and
hexamethyldisifoxane copolymer were all substantially more stable than polvdimethyl-
stloxane, with the dimethylsiloxane copolymer the most stable. The homopolymer is
clastomeric. and is more thermally stable than the p- or m-bistdimethivihydroxysiyl)
benzene homopolymers. For the homopolymer. the Tg was -41°C: for the tetra-
methyldisifoxane  copolymer. the Teg was =81°C. These  polymers were cured  with
di-e-butyl  peroxide  or  with  dicumyl  peroxide 93.9%  For  the  copolvmer  with
dimethylsiloxane, the polymer of intrinsic viscosity 0.355 dl/g in benzene. the Mn
wias 14500 the Tg was -62°C. and from TGA measurcments. the decomposition
temperature at 105 weight loss was 337°C. For the tetramethyldisifoxane copolymer. - <
TGA  measurements  indicated  the  temperature of 100 weight loss ar 7079395
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Another method of making the fluorine-containing copolymer was the reaction
of m-bis(3.3.3-trifluoropropyimethylhydroxysilyl)benzene and 1,3-diacetoxy-1,3-dimethyl-
1.3-bis(3.3.3-trifluoropropyl)disiloxane  (prepared from acetic anhydride and the
corresponding  cyclotrisiloxane), catalyzed by tetramethylenediamine, and subjected
to turther heating with tetramethylguanidine trifluoroacetate; polymers of Mn=15,659
and Mw=106,000 were made. The reverse reaction, using bis(acetoxy )-m-silphenylene
was  also conducted. Copolymer of lower molecular weight was made from the
m-bis-silanol and the corresponding dichlorodisiloxane. The reaction of m-bis(3,3.3-
t-‘fluoropropylmethylhydroxysilyl)benzene and trifluoropropylmethylchlorosilane  pro-
duced m-bis(1.3-dimethyl-1.3-bis(3,3,3-trifluoropropyl)disitloxanyl)benzene. the properties
were  presented. This reacted with NaOH/NaH-PO4 in dioxane, in the presence of
lead and carbon. to give the corresponding bis-silanol. this bis-silanol was homo-
polymerized. Properties of these materials, including the IR spectrum, were presented.3S
The Grignard reaction of m-dibromobenzene and trichloro(trifluoropropylsilune  to
make bis(trifluoropropyldichlorosilyl)benzene was described: this reacted with chloro-
dimethylsilane in the presence of water to make m-bis((dimethylsiloxy)trifluoropropyl-
hydrogenatosilyl)benzene, hence called “crosslinker”.3% Further studies were conducted
on the  homopolymerization  of  m-bis(1.3-dimethyl-1,3-bis(3,3,3trifluoropropyl)-
lisiloxanyl)benzene to form the hydroxy-terminated polymers. These polymers were
vinyl-terminated by reacting with vinyldimethylsilylisocyanate, and cured. using
“crosstinker”™ and platinum catalyst. Various formulations were described. where silica.
ferric oxide. and other materials were added: tensile and other properties were
presented. 90

2-DIPHENYL ETHER DERIVATIVES

The  preparation of  exactly  alternating copolymers  from  bis(hydroxydimethyl-
silyDdiphenyl  ether  and  dimethylsiloxane.  methylvinylsiloxane,  and  mixtures  was
done by reacting the  bisssilanol  with  bis(1.1-tetramethylene-3-phenylureido)dimethyl-
silane and  bisc1.1-tetramethylene-3-phenylureido ymethylvinylsilane: various polymers of
Mw over 100.000 were made.6-80.84 Eor these polymers. the [ and €13 NMR.
the IR spectra. the Tg and TGA were determined. The Tg was -42°C and the onset
of thermal degradation by TGA wuas 335°C in air and 470°C in nitrogen for
dimethylsifoxane  copolymer: for the methylvinylsiloxane copolymer. the Tg was
-S1°C. and the onset temperature of thermal degradation by TGA was 425°C in air
and 490°C in nitrogen. pyrolysis studies showed gas evolution sbhove 400°C.6

These  alternating copolyimers  were  also  prepared  from  the  reaction  of
p-bistdimethylhydrogensilyl)diphenyl  cther with  diacetoxysilanes, including  dimethyl-
digcetoxysilune  and  tetramethyl-1 3-diacetoxydisiloxane, and  these  polymers  had
intrinsic viscositics between 0.5 and 1.0 dl/g. 83 A large number of copolvmers were
made.  using  p-distdimethylsitybdiphenyl ether. with small amounts of p-bistmethyl-
vinylhydroxysilyhibenzene,  reacting  with  cither  heptamethyl-1 3-dioxa-3-aza-2 .4 .06-trisi-
lacyclohexane  to  make alternating  copolymers ot the  bisssilanol  and  hexamethyl-
trisiloxane.  or  decamethyl-1.5-dioxa-3.7-diaza-2 4.0 8-tetrasilucyclooctane to muke
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rubber materials, using silica, partially hydrolyzed ethyl silicate, and dibutyltin
diacetate were described.25

Copolymers With p-Bis(methylphenylhydroxysilyl)benzene

1.2-Dimethyl-1.2-diphenyldisiloxane copolymer was prepared by reaction of
the bissilanol and  (SiMePh-O-SiMePhNMe)s in xylene reflux. The polymer was a
tacky gum: inherent viscosities (toluene, 30°C) of 0.07 to 0.13 dl/g  were
obtained.!2

Copolymers With p-Bis(diphenylhydroxysilyl)benzene

The hexamethyltrisiloxane copolymer was prepared from the bis-silanol and
heptamethyl-1-aza-3,5-dioxa-2.4.6-trisilacyclohexane; it was an  elastomer.  The
1,2-diphenyl-1.2-dimethyltetrasiloxane copolymer, a hard and brittle polymer. was
prepared from the reaction of the bis-silanol with (SiMePh-O-SiMePhNMe)s in
toluene and in xylene reflux.12 The diphenylsiloxane copolymer, a brittle solid,
was prepared from the reaction of the bissilanol and diphenylbis(methylamino)-
silane.!2 or from the reaction of the bis-silanol with diphenyldichlorosilane in THF
in the presence of pyridine 88

m-PHENYLENE DERIVATIVES

m-Bis(dimethylhydroxysilyl)benzene and  m-bis(methylphenylhydroxysilyl)benzene
were both reacted with heptamethyl-1-uza-3.5-dioxa-2 4.6-trisilacyclohexane  at 160°C
for 8 hours to make the corresponding hexamethyltrisiloxane copolymers. For the
dimethyl copolymer, the inherent viscosity was 1.60 di/g (toluene. 30°C) and the
lg was -75°C: for the methylphenylsiloxane copolymer, the inherent viscosity  was
162 dlfg. and the Tg was -42°C.34

In the search for thermally stable. fucl-resistant clastomers for aircraft tank
scalants.  silphenylene-ailoxanes  containing  the [ 1-trifluoropropyl  group, called
FASIL polymers, were developed. The ethoxy  precursor. m-his(3.3.3-tnfluoropropyl-
muthvlethoxysilyhbenzene.  was homopolymerized by hydrolysis. This polymer had a
Te of =23°C and a Mw of 17457 In making FASIL polymers. the condensation
polymerization  reaction  between  mi-bis(3,3 3-trifluoropropylmethylethoxysilylhbenzene
and  bistdimethylamino»1.3-dimethyl-1.3-bis(3.3 3-trifluoropropyl)disiloxane.  catalyzed
by tetrumethyl guanidine trifluoroacetate. was deseribed. 35 In o similar effort. 12.8
m-moles  of  1.3-visthydroxyvmethvI-3.3 3-trifluoropropvl  silvhibenzene. 11160 m-moles
of  L.3-dimethyl-1.3-bis(3.3 3-triflttoropropyl }-1 3-bistdimethyliminoy  disiloxane and .36
m-moles  of methylvinyibis-(dimethyviaminosilane were reflused in toluene. producing
a copolymer of Mw = 3700.37.89
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presented; the inherent viscosity (toluene, 30°C) was 0.73 dl/g and the Tg was
-62°C. The TGA was prcscntcdz-”“ the inflection temperature was 510°C.0

Hexamethyltrisiloxane Copolymer. The hexamethyitrisiloxane  copolymer  was
prepared by the reaction of the bis-silanol with heptamethyl-1-aza-3.5-dioxa-2.4.6-
trisilacyclobutane at 160°C tor 8 hours. The IR wuas presented: the inherent viscosity
(toluene, 30°C) was 2.77 dljg and the Tg was -72°C.34

, Octamethyltetrasiloxane Copolymer. The octamethyltetrasifoxane copolymer was

r— prepared from the reaction of the bisssilanol with nonamethyl-1-aza-3.5.7-trioxa-2.4.6.8-

ol tetrasilacyclooctane at 160°C for 8 hours. The inherent viscosity (toluene. 30°C) was
2.48 dije and the Tg was -R0°C: the IR was presented.34

| Methylphenylsiloxane Copolymer. The methylphenylsiloxane  copolymer  was
[ prepared  from  the reaction of the bisssilanol with diacetoxymethylphenylsilane, using
tricthylamine catalyst: inherent viscosity (THF., 25°C) was 0.38.83 The relationship
between intrinsic ~ viscosity  and  molccular  weight in THEF is  given  as
n =534 X 10-5 Mw0-799. Tg = -25°C6 Also made by this acetoxy-hydroxyl
condensation was  the  copolymer of the disilanol  with 1.2-dimethyl-1.2-diphenyl-
disiloxane: intrinsic viscosity was 0.41 dl/g.83

Copolymers containing methylphenyl, dimethyl, 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  mixed  alternating  copolvirers  were
preparcd  from bisssilanol  and  mixtures of dichlorodiatkylsitane in THE at 25°C
with nitrogen tlowing through to remove HCI.

For 997, methylphenyl/17%  methylvinylsiloxane copolymer. the Mw was 51.000
and the Te was -32°C: the H! NMR was presented, and TGA data showed an -
onsct of thermal degradation at 400°C, with leveling off at 650°C, and S2% residue. T
For 667 methylphenyl/33%  dimethyl/197 methylvinyl copolymer, the Tg was -44°C,
the Mw was 71.000 and the H! NMR was presented: TGA data indicated an onset s
of thermal degradation at 410°C and a 5S0% residue at temperatures equal or greater )
than 660°C. For 33% methylphenyl/66% dimethyl/1 methylvinyisiloxane copolymer, x
the Tg was -00°C. the Mw was 33.000 and the H! and C!3 NMR were presented,
and TGA data showed an onset at 400°C and 377 residue at and above 660°C.
For 997 dimethyl/17% methylvinylsiloxane copolymer, the Tg was -65°C. Copolymers
containing 987 methylphenyl/27 methylvinylsiloxane  were  cured  with 30 phr
hydrophobic silica. 0.5 phr dicumyl peroxide. and 3 phr ferric oxide: mechanical

propertics were given.?.87 o 3
L Diphenylsiloxane Copolymer. The diphenylsiloxane  copolymer  was  prepared R
i from the reaction of the bissilanol with  diphenvibis(methylaminosilane cither neat!2

. ] . . . N .
or in toluene reflux.=3 This copolymier s an clastic gum. The cquation between

# intrinsic  viscosity and Mw s n = 5.7 X 10-5 MwU. 75 for this polymer, the Tg
1 was 0°C. and TGA showed a 1077 weight loss at 460°C. Formulations to make
b
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methylvinyl, Mn = 69000, 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% methylvinyl copolymer,
370°C, 46%: 7.577 wethylvinyl, 375°C and 49.5%; for 100% methylvinyl, 420°C,
58.5%. For TGA tests in nitrogen, the onset temperature, the temperature at which
turther degradation ceases, and the weight-percent residue were: 5% methylvinyl,
360 and 670°C and 417; for 7.5% methylvinyl, 420 and 680°C and 51%: for
1007: methylvinyl. 450 and 690°C and 75%. After degradation in air, the residue
consisted of SiO>. but the residue after decomposition in nitrogen was an intractable
black substance wessentially stripped of hydrogen, but otherwise containing a similar
composition of silicon, carbon, and oxygen. compared to the starting material.6,84.85

Mass spectra were obtained from the pyrolysis products of a 1% methylvinyl-
99% dimethylsiloxance copolymer, and a 100% vinylmethylsiloxane 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 in the
degradation products of the latter.81.82

The copolymers containing 5% methylvinyl/95%  dimethylsiloxane, 7.5%
methylvinyl/92.5% dimethylsiloxane, and 1009 methylvinylsiloxane were cured with
dicumyl peroxide, and a hydrophobic silica was added as filler. Either Fe2O3 or
Fe(CO)5 were added as antioxidants. Tensile strength. clongation. stress-relaxation,
heat aging, and other properties were determined. The Tg for the cured elastomer
was very close to the Tg for the uncured materials.86

A number of polymer samples were prepared from  the bis-silanol  and
methylvinyldichlorosilane or its mixtures with dimethyldichlorosilane (so that the
bis-silanol and the mixed dichlorosilane had 1:1 mole ratio) in cether or in THF
solvent: Mw values above 100.000 were obtained in many cases. It was found that
Te was -76°C for 1007 methylvinyl copolymer and -69°C tfor 98/ dimethyl/2%
methylvinylsiloxane copolymer: these polymers were cured with dicumyl peroxide,
with hydrophobic silica filler, and 3 phr ferric oxide: mechanical properties were
given.> Other copolymers were made from these reactants in THF solvent at 25°C.
with nitrogen flowing through to remove HCl product. For the copolymer of 997
dimethyl/ 1% methylvinylsiloxane. the Tg was -65°C. the Mw was 27.000. and the
! NMR was presented. The TGA data indicated an onset of thermal degradation
(subsequently  referred to as “onset™) at 420°C and end of degradation at 670°C.
with 337 residue. For the copolymer ot 9977 dimethyl and 3¢ methyiviny liloxane.
the Te was -69°C. and the Mw was 28.000: the HI NMR was presented. For the
100 methylvinylsiloxane polymer. the Mw was 97,000, the Teg was -76°C. and the
H! and €13 NMR were presented.87

Tetramethyldisiloxane  Copolymer.  The  alternuting  tetramethy Idistloane
copolymer  was prepared from  the reaction of the  bisssilunol with  decametinyl-1.3-
diaza-3.7-dioxo-2.4.0 &tetrasilacvelooctane.  at 160°C for X hours.  The IR was

13

P T o R e UL IR R IR A S L SRS

. - MRS - - - - - - - - - - L Ty Ot .'-u.
P A N R I AT R P P v T W L PP P PR PG L . Y P K PP P L. |

Lt RN -,
3 PPN T U WY WDV O GT O U Y T

Y




r..v-,.“‘vv

NWC TP 6499

The homopolymer is not clastomeric: 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 the weight-average
molecular weight (Mw) and intrinsic viscosity (n) was expressed by the equation:
n = 1.12 X 104Mw0.75.2 The glass transition temperature (Tg) was -25°C.77 The
IR of this homopolymer was described:27 other propertics were presented.”8

Dimethylsiloxane Copolymer. A method for preparing a very high molecular
weight alternating copolymer of the bissilanol and dimethylsiloxane was from the
condensation  of  the disilanol  with  bis(l.1-tetramethylene-3-phenylureido(dimethyl-
silane).7Y  For molecular  weights  exceeding 100.000 the reaction was monitored
by either H! NMR or by gel permeation chromatography (GPC). The IR, H! NMR,
and the C13 NMR of this polymer were presented. The number-average molecular
weight (Mn) was 71.500 and the Mw was 132,000 by GPC for this polymer.80 Tg
wias -02°C tor this very viscous polymer. The onset of thermal degradation as
determined by thermogravimetric analysis (TGA) was 345°C in air and 400°C in
nitrogen: there was 39.577 residue at temperatures above 735°C. The degradation
products trom the pyrolysis  were identified.81.82  The intrinsic viscosity versus
molecular  weight  relationship in THF was given as n = 7.86 X 10-5 Mw0.757 6

This polymer was also prepared trom the reaction of the bis-silanol and
bistdimethylamino)dimethylsilane  in toluene under reflux  conditions. Polymer with
intrinsic  viscosity 0.98 dl/g in THF was obtained. Polymer was prepared of
intrinsic  viscosity  (in - THF) of 0.71 by the recaction of the disilanol with
his(acetoxy dimethylsilane  in refluxing toluene.83 or by the reaction of bis-silanol
and dimethyldichlorosilane: 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 316°C. the polymer lost 5% in 2 hours and 317 in 11 hours.”7  Upon
completion of the TGA decomposition in air. the residue was found to consist
of SiO>. However. upon completion of this test in nitrogen. the residue was found
to be an intractable Si-O-C matertal. During pyrolysis in helium. volatile products
began to be emitted around 400°C. with maximum gas cvolution around 500°C.
Further volatiles were not evolved above 630°C.6

Films were prepared trom  toluene solution, adding partially hydrolyzed cthyl
dlicate and dibutyltin  diacetate.  with  or  without colloidal silica. Elastomers of
ultimate tensile strength 16,000 psi and clongation 113077 were obtained. 7”7

Copolymer with Dimethylsiloxane and Methylvinylsiloxane. Polymers were
prepared  with g 1:1 mole ratio of p-bistdimethylhydroxysilylibenzene and with a
mixture of bis(1,]-tetramethylene-3-phenylurcido)methylvinylsilane and -dimethylsilane.
For copolymers containing 957 dimethyl- and 57 methylvinylsiloxane  and  for
copolymers  containing  92.5¢ dimethyl- and  7.5%¢ vinylmethyl. und for polymer
containing 100% vinylmethylsiloxane, the H! NMR. the IR, the €13 NMR were
presented and discussed. After reprecipitation from THF into methanol, the mole-
cular weights were: 5% methylvinylsiloxane, Mn = 67,000, Mw = 119.,000: for 7.5%
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1,4-Disila-2,5-Cyclohexadiene Lerivatives

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.

Hexachlorodisilane reacts with acetylene at 450-550°C in a quartz tube to
produce 1,14 4-tetrachloro-1,4-disila-2,5-cyciohexadiene in a 30% yield.69.70 The
reaction between 1,1,2,2-tetramethoxy-1,2-dimethyldisilane with acetylene at 400°C
produced. 1.,4-dimethoxy-i.4-dimethyl-1.4-disila-2,5-cyclohexadiene in a 60% yield:
this is a liquid, with a boiling point of 100°C/40mm; the H! NMR and the IR
were described.”!

1.1,2,2-Tetramethoxy-1.2-dimethyldisilane reacted with dimethyl-acetylene to
produce 1.4-dimethoxy-1,2,3 4,5,6-hexamethyl-1,4-disila-2,5-cyclohexadiene:;72.73 and the
reaction between 1,1,2,2-tetramethoxy-1,2-dimethyldisilane and 1.2-diphenylacetylene
produced 1,2,5,6-tetraphenyl-1,4-disila-2,5-hexadiene.”2

OTHER DERIVATIVES

Bis(chloro-t-butyi)benzene (the preparation is described) reacted, in THF
solvent., with magnesium and dimethylchlorosilane to form bis(dimethylsilyl-f-butyl)
benzene. The diethoxy analog was made, By NaOH hydrolysis. p-bis(1,1-dimethyl-
2-dimethylhydroxysilyDethyl  benzene was made. This was polymerized in  the
presence of KOH.74

Benzylphenyltrichlorosilane reacted with trichlorosilane. 300°C. in the presence
of BCi3 to produce a 177 yield of bisttrichlorosilyiphenyi)methane, and benzyl-
trichlorosilane reacted with trichlorosilane in the presence of BCl3 at 300°C to form
a 16% yicld of (trichlorosily)trichlorosilylmethylbenzene: trimethylphenylsilane reacted
with trichlorosilane under the same reaction conditions to form a 37.7% yield of
2 mixture of compounds of formula ((CH~)nC!3_nSi)2(‘()H4.75

POLY(ARYLENE-SILOXANES)

p-BIS(SILYLBENZENE) DERIVATIVES
p-Bis(dimethylhydroxysilyl)benzene Polymers

Homopolymers. Bis(dimethylhydroxysilyDbenzene was homopohvmernized. using
as catalyst z-hexylamine-2-ethylhexanoate.s or by heating the dimlinol with 0.0
NaOH in N> to 250°C for 47.5 hours.tS  Tetracyanocthylene w an eneehent
catalyst. cffectively homopolymerizing the disilanol . 70
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NAPHTHALENE AND ANTHRACENE DERIVATIVES

The Grignard preparation in THF of 1,4-bis(dimethylhydrogensilyl)naphthalene
was described. This was converted to the corresponding bis-silanol by ethanolysis,
followed vy NaOH hydrolysis. Some physical properties were listed.8 The reaction
between  2.7-dibromo-naphthalene, dimethyldichlorosilane, and magnesium in ether
produced 2.7-bistdimethylchlorosilyDnaphthalene and polymeric materials.6!

9.10-Dilithi0-9.10-dihydroanthracenec  reacted  with  dimethylchlorosilane  to
produce a 590 yield of 9.10-bis(dimethylsilyl)-9.10-dihydroanthracene.62

- Naphthalene reacted (BCl3 catalyst, 300°C) with an excess of trichlorosilane
to produce Dbis(trichlorosilylynaphthalene (in a yield of 16%) and hydrogenated
naphthalene derivatives. When this reaction was conducted with methyldichlorosilane.
. the products consisted of around 10% bis(methyldichlorosilyl)naphthalene, along
F with hvdrogenated naphthalene derivatives.63

1.4-Dimethylnaphthalenes  and  1.5-dimethylnaphthalenes were heated with
trichlorosilane at 660°C and produced 1.1-dichloro-5- and -6-methyl-1-silaacenaphthenes
in approximately 307 yield. If these products were passed through the tube with
trichlorosilune, then tetrachloro-1,5- and 1.6-disilapyracenes were formed in a yield
of 857.64 The pyrolysis of dichloro-1-naphthylsilane under these conditions produced
1.1.2.2-tetrachloro-1,2-disilaacenaphthene, along with 1,2-dichloro-1,2:1.2-di-1.8-
naphthalencdisilanc.(’5 2-Biphenyl trichlorosilane and trichlorosilane reacted  under

these conditions to produce 9.9-dichloro-4-trichlorosilyl-9-silafluorene in a vyield of
15%.66

In o direct synthesis reaction, passing dichlorophenyl-o-chlorophenylsilane over
a contact mass containing 25% copper, 4%CdCly, 3%Co0304, and 68, silicon at
540°C resulted in a yield as high as 60% of 9,9.10,10-tretrachloro-9.10-dihydro-9,10-
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 9.9.10,10-tetrachloro-9,10-dihydro-
9.10-disilaanthracene. 68

DURYLENE DERIVATIVES

The Grignard preparation in THF of bis(dimethylhydrogensilyt»durylene was
described. This was converted to the corresponding bis-silanol by cthanolysis.
followed by NaOH hydrolysis. Some physical propertics were listed.8
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temperature from TGA corresponding to 10% weight loss was 350°C. For poly-
diphenylsilmethylene (mp=340°C). the temperature from TGA corresponding to 0%
weight loss was 390°C.107

A low-molecuiar weight sample of polydimethylsilmethylene, when pyrolyzed
to 585°C, left only 1% residue, and was not regarded as an effective SiC
precursor.134 In another study., TGA results indicated that one high-molecular-
weight sample left a 10% residue at 670°C and another sample left a 5% residue
at 660°C.126 However. the thermal decomposition of polydimethylsilane produced

polymethylsilmethylene, (SiH(CH3)CH2),: this decomposed upon further heating to
form SiC.155.156,157,158.159

CONCLUSIONS

Of the various types of thermally stable elastomers, two types are worth
turther investigation: silarylene-siloxane polymers and polysilmedhylenes. The silarylene-
siloxane polymers and the polysilmethylenes are more thermally stable than the
corresponding polysiloxanes.

The preparation and properties of alternating copolymers that were prepared
tfrom 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 vicld a bis-silanol at reasonable cost.
For example. the reaction of 1.2-dichlorotetramethyldisilane with p-dichlorobenzene
reportedly vyielded p-bis(chiorodimethylsilylibenzene. Likewise. the reaction of 1.1.2.2-
tetramethoxydimethyldisilane with acetylene to form | 4-dimethoxy-1.4-dimethyl-1.4-
disila-2.5-cyclohexadiene is worth examining. It should be possible to hydrolyze this
to the bissilanol 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 polysiimethylenes. 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-1.3-disilacyclobutane. A Grignard method was used for the preparation of
the disilacyclobutane, although it c¢an also be made by the thermolysis of
1.1-dimethyl-1-silabutane. Polydimethylsilmethylene is quite thermally stable. although
it did not yield SiC upon thermal decomposition. .

24




to

e . o te . . o et et P T PR
PTRE IO S Pk, SO S, S PN, (e Sy g s Wt R T ORI SR e

. Pl i e M SRS Jaus en an o oo dr S AR Sdt Andh M ok

NWC TP 6499

REFERENCES

Naval Weapons Center. Thermally Stable Elastomers: A Review, by Robert A. Rhein.
China Lake. Calif., NWC, October 1983. (NWC TP 6372, publication UNCLASSIFIED.)

R. L. Merker, and M. J. Scott. “Preparation and Properties of Poly(tetramethyl-p-silphenyl-
ene-siloxane).” J. Polymer Sci., Pt. A.. Vol. 2, No. 1 (1964), pp. 15-29.

Dow Corning Corporation. Silarylenesilanes. Silanols. and Polysiloxanes. 23 January 1963.
(British Patent 916,135.)

C. U. Pittman. “Oxysilane Polymers From Silanediol-bis(dimethylaminosilane) Polycondensations.
Synthesis and Properties.” J. Polymer Sci., Vol. 14 (1976), pp. 1715-1734.

M. J. C. Gomez. “Bench Scale Production and Mechanical Evaluation of Exactly Alternating
Silarylene-siloxane Polymers.” M. S. Thesis, University of Massachusetts, 1982.

P. R. Dvornic. *“Preparation and Evaluation of Exactly Alternating Silarylene-siloxane
Polymers.” Ph.D. Thesis, University of Massachusetts, 1979.

L. D. Akhavova and others. Bis(dimethylsilyl)benzene. 26 August 1969. (US.S.R. Patent
218.887.)

H. N. Beck and R. G. Chaffee. “Arylene S'icon Compounds.” Chemical Fngineering Data.
Vol. 8. No. 4 (1963). pp. 602:603.

V. Bazant and M. Cerny. “Organosilicon Compounds. CXV. Synthesis of p-Bis(Silylarylene
Compounds by the Grignard Reaction of p-Dichlorobenzene With  Dialkoxy-. Dichloro-.
Alkoxychloro-, and Chlorodiphenylsilanes.”™  Collect. Czech. Chem. Commun., Vol. 39, No. 7
(1974), pp. 1728-1734.

V. Bazant and M. Cerny. “‘Organosilicon Compounds. CXVI. Synthesis of p-Bis(Silylarylene
Compounds by the Grignard Reaction of p-Dibromobenzene With Dialkoxy-. Alkoxychloro-.
and Chlorodiphenylsilanes.”™  Collect.  Czech.  Chem.  Commun., Vol. 39. No. 7 (1974,
pp. 17351739,

V. Bazant and M. Cerny. “Organosilicon Compounds. CXVIL. Synthesis of p-Chlorophenyl-
diphenylsilanes and Unsymmetrical p-Disilylarylenes From p-Dichlorobenzene and p-Bromo-
chlorobenszenc.™  Collect. Czech. Chem. Commun., Vol. 39. No. 7 (1974). pp. 1880-1883.

L. W. Breed and others.  Svathesis  aud  Fraluation ot New Hieh Polvmers tor Coaine
Applications 1965 112 pp. (NASA-CR-04448. NASA Accession No. N65-32078. publication
UNCLASSIFIED )

25

A L LR LA Y Ly

LA S S I i

AP . TSP




PR e . e I A e A G i A g AR ANV o it S AFu AR e J

e e ave

NWC TP 6499

J. G. Noltes and G. J. M. van der Kerk. “Studies in IVth Group Organometallic Chemistry.
IX. Synthesis of Organosilicon Compounds and Polymers Containing the p-Phenylenc Group.”
Ree. Trav. Chim., Vol. B1. (1962). pp. 565-577.

M. Sveda. Disilahydrocarbons. 24 July 1951. (US. Patent 2.561.429)

M. Sveda. Linear Polyvarylene Siloxanes. 24 July 1951. (US. Patent 2.562. 000.)

G. M. Omietanski. Disilylarylenes. 11 September 1962, (U.S. Patent 3.053.872)

K. A. Andrianov. *“Catalytic Polycondensation of p-Bis(dimethylhydroxysilyl)benzene With
Diphenyldihydroxysilane and Octamethylcyclotetrasiloxane.” Vysokomol. Soedin., Vol. 8. No.

9. (1966), pp. 1618-1622.

M. A. Shippey and P. B. Dervan. “Trimethylsilyl Anions: Direct Synthesis of Trimethylsilyl-
benzenes.” J. Org. Chem.. Vol. 42, No. 15. (1977). pp. 2654-2653.

M. Matsumoto. Organosilicon Compounds. 19 September 1977, (Japanese Patent 77.111.549.)

Y. Nagai and M. Matsumoto. Halophenylsilanes and Phenylenedssilanes. 29 September 1977.
(Japanese Patent 77.116.442.)

H. Matsumoto and others. “Synthesis of p-Bis(dimethylhydroxvsilyl)benzene.™ Org.  Prep.
FProced. Int, Vol 13. No. 2 (1981), pp 118-123.

B. L. Vainshtein and L. P. Bogovtseva. “Radiation-Chemical  Vapor-Phase  Synthesis  of
Bis(organochlorosilyl) Derivatives of Aromatic Hydrocarbons.” Zi Obshch. Khim., Vol. 46,
No. 4. (1976). pp. 832-855.

G. S. Popeleva and others.  “Reaction of Methyl(chlorophenyvlichlorosilanes With Hydro-
chiorosilanes.™ [zv. dkad. Nauk SSSR, Ser. Khim.. No. 3. (1966). pp. 478482

G. S. Popeleva und others.  “Reaction of Halogen Derivatives of  Arylchlorosilanes  With
Chlorosilane Hydrides.” Zh. Obshch, Khim., Vol 32. (1962) pp. 337-562.

R. E. Burks. Jr. and others. “Copolymers and Elastomers With Alternating Dioxysilphenylene
and Silane Units.” J. Polymer Sci, Polym. Chem. Ed., Vol. 22. No. 2 (1973), pp. 319-326.

V. E. Nikitenkov. “Syvnthesis ol 1.4-Bis(dimethylhydroxvsilyhbenzene and its Conversion Into
Cyclic Compounds.” Zh. Obshch, Khim., Vol. 35, No. 9 (1963). pp. 1666-1669.

B. Lengyel and others. “Infrared Spectroscopic Study of p-Bis(dimethylhydroxysilylybenzene
and of Poly(tetramethyl-p-silphenylene-sitoxane).”™ Acta Chim., {(Budapest). Vol. R0, No. 23
(1974). pp. 287-296.

B. A Bluestein and L. R, Evans. Aromatic Silicon Compounds  I& January 1979 (Geiman
Patent 2.828.51%.)

L. W. Breed and others. New Svuthetic Methods  for Silicon-Nitrogen Polvmers. Midwest
Research Institute. Kansas City, MO, 1969, (AFML TR-69-20-pt-4. publication UNCLASSIFIED )

26

. . . AT . P I I T e e T e
- —— i e . PINE. AP D SR PO Trs Y S S R I S SV PR G U S Wl Sl Jll G WL Y WAL W ST |

DRl S

-




YT

NWC TP 6499

—
'
A

30. R. W, La Rochelle and T. D. Mitchell. Silarylenesilanediol. 22 June 1976. (U.S. Patent
3.965.134.)

i 31. G. M. Ometanski. Random Siloxane Copolymers. 22 November 1966. (U.S. Patent 3.287.310.) ' 4
32. B. Zelei and others. “‘Vibrational Spectra and IR Dichroism of p-Bis(dimethylhydroxysilyl) 1

[ benzene.” Spectrochim. Acta., Part A, Vol. 34A, No. 3 (1978). pp. 343-352. ]
s .
§ 33. L. W. Breed and R. L. Elliott. “Arylendisilanols.” J. Organometal. Chem., Vol. 9, No. 1 (1967), )
pp. 188-192. 1

4

34, L. W. Breed and others. “Arylene-Modified Siloxanes.” J. Polymer Sci, Part A-1, Vol. §
No. 11 (1967), pp. 2745-2755.

35. Dow Corning Corporation. FASIL Integral Fuel Tank Sealants. Part I. by O. R. Pierce and
others. Midland, MI., May 1980. (AFML TR-79-4009-pt-1l. publication UNCLASSIFIED.)

36. Dow Corning Corporation. Hybrid Fluorosilicones for Aircraft Fuel Tank Sealants. Synthesis
of Fluorocarbon and Fluorocarbon Ether Hybrid Fluorosilicone Polymers, by O. R. Pierce
and others. Midiand. MI., February 1973. (AFML TR-70-278-pt-1ll. AD-912135L. publication
UNCLASSIFIED.)

37. H. Rosenberg and E. W. Choe. ‘“Synthesis and Properties of Fluoroalkylarylene Siloxanylene
(FASIL) High-Temperature Polymer.”” ACS Symp., Ser. No. 132 (1980), pp. 47-55.

38. L. Ya Karpov. Organochlorosilanes. 22 October 1965. (French Patent 1,415.110.)

39. L. Ya. Karpov. Arylchlorosilanes. 19 January 1967. (German Patent 1,232.579.)

40. A. J. Barry and others. Organohalosilanes. 12 April 1950. (British Patent 635.645.)

41. L. De Pree and others. Chiorosilyl Benzenes. 25 December 1951. (US. Patent 2.580.159.)

42, A. D. Petrov and others. “Recaction of Silicon Hydrides With o- and @-Chloronaphthalenes
and p-Dichlorobenzene. Pyrolysis of Ethylchlorosilanes in the Presence of Aryl Chlorides.™
Kokl Akad. Nauk SSSR, Vol. 132 (1960). pp. 1099-1102.

43, M. F. Shostakovskii and others. “High Tempcrature Condensation of Hydrochlorosilanes With
Chloroarylfluoro- and Chloroaryichlorosilanes.™ Zh. Obshch. Khim., Vol. 34, No. 8 (1964),

pp. 2620-2622.

44. K. A. Andrianov and V. M. Kotov. “Disproportionation Reaction of Diphenyldichlorosilane.™
Dokl Akad. Nauk SSSR, Vol. 167, No. 4 (1966). pp. 811.8i4.

45, K. A, Andrianov and V. M. Kotov. "Pyrolysis of Phenvitrichlorosilane.™ Iov. Akad. Nauk . R
SSSR, Scr. Khim., No. 6 (1969). pp. 1265-1268. o

46. 1. B. Rust. Polysilyl Derivatives. 21 September 1954, (1.8, Patent 2.689.801).)

47.  A. 1. Barry. Phenylene-Linked Organopolysilanes. 26 June 1951, (US. Patent 2.557931)) .. 1

27 o ..‘;Z‘

.- . T T T T T T TSP P S e e e L S S SR T et e -
. e R A R T e R R T I N N T
at w . EEATE "

. DR P SR 0 LIPS PO S S et .
R R P AL L - PN N PP e ~
a” atal Al alatadal el ate PR S PRI AT SN Yl YA - TP R P R P

»
’
g
.
.
»
)

et e e O P 0. - .
et W P R S IO T T I . e
SN T T T W Tl S AT P L I A A N L L




48.

49.

51. A. F. Gordon. Phenyltrichlorosilane. 17 July 1956. (U.S. Patent 2,755.295.)
52. A. J. Barry. Arylhalosilanes. 20 January 1953, (U.S. Patent 2.626,266.)
r
4 53. E. A. Chernyshev and E. V. Vangnits. “Reaction of Silicon Hydrides With Aromatic Com-
pounds in Liquid Phase in the Presence of Boron Trichloride.” Zh. Obshch. Khim., Vol. 32
(1962). pp. 24-29.
34, H. A. Clark. Phenylchlorosilanes. 19 June 1951. 198a-5. (U.S. Patent 2,557.782.)
[} 35, A, 1. Barry. Chloroaromatic Chlorosilanes. 7 May 1952, (British Patent 671.710.)
36, Air Force Materials Laboratory. Arvienesiloxane Polvmers for Use as High Temperature
Aircraft Integral  Fuel Tank Sealants. Part | The Synthesis and Reactions of Novel Linear
and Cvelic Alkarvisiloxanes, by £ W. Choe and H. Rosenberg, Wright-Patterson AFB. Ohio.
December 1976, (AFML TR-75-182. Part | AD B032562. publication UNCLASSIFIED.)
-
1 37. J. Dunogues and others. “Double Friedel-C afts Reaction Between Chloromethyl Trichlorosilane
and Benzene. Practical Synthesis of p-Biitnmethylsilylmethyi)benzene.” Bull. Soc. Chim. Fr.,
Nos. 11-12. Pt. 2 (1976). pp 19331974
K 3% N O Holdstock. Unsymunetnical Polviarslenesdoxane) Fluids, 7 January 1964. (U.S. Patent
- 31171490
[
9. A A A FlAuar and M. Cernyv. “Preparation and Thermal Behavior of Some Polyvaryl
silanes. ™ Colleet. Czech. Chem. Commun., Vol 300 Noo 9 (1975), pp. 2806-2815.
60. G. Baum. “Aromatic  Organosdicon  Compounds.”™ J Org Chem.,  Vol. 23 (1958).
pp. 480-481.
L
61, P. F. Siva and N. G. Holdstock. Bistdiorganohalosilyly Aromatic Hydrocarbons. 4 December
1962, (LS. Patent 3.007.230.)
62 1 M. Guerdisitell and others. “Synthesss of Unsaturated Organosilicon Compounds Based on 3
9.10-bis(dimethylsily})-9.-10-dihydroanthracene.”™ Zh. Obshch. Khim., Vol. 42, No. 9 (1972),
[ ] pp. 2022-2024. 1
o). L. A, Chernyshev and others. “Catalyuc Reacuon ot Chlorosilanes With  Naphthalene 1
Liquid Phase ™ Izv. Akad. Nauk SSSR, Ser. Kium.. No. 10 (1966). pp. 1817-1820. .
- o4 B AL Chernyshev and S. A, Shchepinov. “Organosilicon Heterocyclic Compounds. V. Syvnthesis ]
» of 15- and 1.6-Disilipyracenes.” Zh.  Obshch. Khim., Vol. 40, No. & (1970).
pp. 1744-1746. -
28 Y
[ - 4
:1
= e
N - . ‘. C . PR o . -‘_'.'-"-_ e e, et e - 'A'.-'.4,-'_-..A_. ’."._. '._._. }':.'_‘.‘_‘." ) . '.'W
M, S J:‘H-_'_;'.‘ — e s:.-"'- <., T, ,-;f~ e, 5;’.; Ce et o ‘.L{;.";-‘I-'.L-'L.";‘.l".;'.;'.;":“A.“ PR A A P A o A L "“

e ——— T T —— ARl Jh e Sadh il Bendmnd Sl Ante e tush SRS S e i T 0 G Siee S A 0 A I v

NWC TP 6499

A. ). Barry and others. “Direct Process for Preparation of Arylhalosilanes.” Advances in
Chem., Ser. Vol. 23 (1959), pp. 246-264.

A. J. Barry and others. “Arylhalosilanes.” Ind. Eng. Chem., Vol. 51 (1959), pp. 131-138.

Dow Corning Corporation. Silicone Resins. 16 January 1963. (British Patent 915.931.)




NWC TP 6499 o

65. E. A. Chernyshev and others. “Silicon-Containing Heterocyclic Compounds. XX. Participation
of Organochlorosilylenes in Pyrolytic Formation of Silicon-Containing Heterocycles.”  Zh.
Obshch. Khim., Vol. 45, No. 10 (1975), pp. 2223.2226.

66. L. A. Chernyshev and others. “Organosilicon Heterocyclic Compounds. XIX. Organosilicon
Derivatives of  9.9-Dichloro-9-silafluorene.” Zh. Obshch. Khim., Vol. 45, No. 11 (1975),
pp. 2464-2465.

67. E. A. Chernyshev and others. “Silicon-Containing Heterocyclic Compounds. XXXVI. Synthesis
of 9.9,10.10-Tetrachloro-9,10-disila-9.10-dihydroanthracene and 9.9-Dichloro-9-silafluorene From
o-Chlorophenyl  Phenyldichlorosilane.”™ Zh.  Qbshch. Khim., Vol. 50, No. 7 (1980).
pp. 1573-1576.

68. E. A Chernyshev and others. “Silicon-Containing Heterocyclic Compounds. XXXVII. Direct
Synthests of 9.9,10.10-Tetrachloro-9.10-disila-9.10-dihydroanthracene From o-Dichlorobencene.”
Zho Obsheh. Khim., Vol. 50, No. 8 (1980). pp. 1790-1793.

st b A Chermyshiev and others. “Formation of 114 3-Tetrachioro: ! d-disilacy ¢io-2 3 Hexwdiene
Diring Pyroissis of Hexachlorodisilane and Octachlontrisilane i the Presence of Acenvlene ”
Zh Obshch. Khim,, Yol. 41, No. 5 (1971). pp. 1175-1176.

70. E. A. Chernyshev and others. “Silicon-Containing Heterocvelic Compounds. XXX, Thermal
Reactions ot Dichlorosilylene With Unsaturated Compounds.” Zh. Obshch. Khim., Vol. 48,
No. 4 (1978). pp. 830-838.

T W H Awwell. 1. 4-Disilacyclohexa-2.5-dienes. 16 September 1971, (German Patent 1.768.896.)

72, Dow Corming Corporation. Disilucyelohexadienes. 6 August 1969, (Bnitish Patent 1.160.061 )

73, W H Atwell and D. R, Wevenberg.  “Silylene Chemistry.™  [ntra-Sci. Chem. Rep., Vol 7.
No. 4 (1973 pp. 137145

74, R. D. Spencer.  Organosilicon Compounds and Polymers and Copolymers Therefrom 14
February 1967. (U.S. Patent 3.304.320.)

75t A, Chernyshev and others. “Synthesis ot Bistorganochlorosilyi) Derivatives ot Aromatie
Hyvdrocarbons and  Tris(trichlorositylYbenzene & Jzr. Akad  Nauk SSSR, Scer. Khim . No. 10
(1964). pp. 1807-1%14

"o RO Banev. Silanol Condensation Using Tetracvanocthylene as o Catabvse 14 Febuany JonT
tUS Patent 2304271 )

77 R OB Burks, Jroand others Copolymers and Flastomers With Alternaung Dioss siphemylene
and Silane Units,™ L0 Polvmer Scr, Polvine Chem. Bd Vol 110 Noo 2 (1973) pp. 319.326,

TEOOW R Dunnavant SSiharvlene and Silarslene-sifoxane Polvmes.”™  Juwore. Macrinned Rer |
Vol 1 Noo 3 (19710 pp 165189,

79 P R, Dvormie and ROW. Lens. “Exactly Alternaung Silarylenessiloxane Pohviners 1 The
Svnathests  and - Stability ot Bist 1) -tetramethviene-2-pheny lureidoddimethy bsilone ™ 1 yppl,
Polvmer Sci., Vol 25 (1980). pp. 041-652.

29
i e T L e e e e R

N .
P D 4

o A A

b

Pe

b
.



80.

81

53,

8O,

K&

X9

90.

9.

92

NWC TP 6499

P. R. Dvornic and R. W. Lenz. “Exactly Alternating Silarylene-siloxane Polymers. 1I. The
Condensation Polymerization of Arylenedisilanols and Bisureidosilanes.” J. Polviner Sci,
Polym. Chem. Ed., Vol. 20. No. 4 (1982). pp. 951-966.

G. D. Riska. “Thermal Analysis and Analytical Properties of Phosphazene and Silarylene-
siloxane Copolymers.”™ PhD. Thesis. University of Massachusetts, 1983,

A. Ballistreri and others. “Mass Spectral Characterization and Thermal Decomposition
Mechanism  of  Alternating Silarylene-siloxane Polymers.”” University of Massachusetts,
unpublished manuscript in process.

H. Rosenberg and B. D. Nahlvski. “Synthesis of Poly(arylenesiloxanylenes) by Silanol-
Acctoxysilane  Condensation.”™ Polvmer Prepr., Am. Chem. Soc., Div. Chem.. Vol 19 No. 2
(1978}, pp. 625-630.

R. W. Llens and P. R. Dvomic. Preparation and Evaluaticn of Exactly Alternating Silarviene-
siloxane Flastomers. University of Massachusetts, Amherst. MA, 1978. Annual Report No. 2.
Contract N0O0OQ14-76-C-0700. 33 pp. (Publication UNCLASSIFIED.)

P. R. Dvornic and R. W. Lens. “Exactly Alternating Silarylene-sifoxane Polymers. VI. The
Thermal Stability and Degradation Behavior.”™ Polvmer. Vol. 24 (1983). pp. 763-768.

M. k. Livingston and others. “kExactly Alternating Silarylene-siloxane Polymers. V. kvaluation
of the Mechanical Properties of Crosslinked Elastomers.™ J. Appl  Polym.  Sci, Vol. 27.
Noo 9 (1982). pp. 3239-3251.

Y. C. Loi and others. “Exactly Alternating Silarvlene-siloxane Polymers. 1V. Step-Growth
Polvmenzation Reactions With Dichlorosilane Monomers.™ J. Polvmer Sci, Polvm. Chem. kd..
Vol 20 (1982). pp. 2277-1288.

T C. Wu  Method for Making Organosthcon Copolymers. 13 June 1967. (U8 Patent
332

Dow Corning Corporation. FASIL Integral Fuel Tank Sealants. Part 1. by O. R. Pierce and
others. Midland, MI, January 1979, (AFML TR.79-4009-p1-1. publication UNCLASSIFIED.)

Dow  Corning Corporation. FASIL [Integral Fuel Tank Sealants. Part [iI, by O. R. Pierce
and others. Midland. MI. (AFML TR-79-4009-pt-11f, publication UNCLASSIFIED 3

L. W, Breed and J. C. Wiley, Jr. Vinvl-Subsututed Siloxane Siloxazane Polymers. 9 April
1974, (LS. Patent 3.803.086.)

L. W. Breed and R. L. Elhott. Ordered Poly(Arlyenesiloxane) Polymers for Coatings and
Elastomers. 13 May 1969, (US. Patent 3444127

A Force Materials  Laboratory  Arvilenesiloxane Polyvmers  for Use as High Temperature
Aircrafr Integral Fuel Tank Scalants. Part [ Svinthesis and Properties of Alkvl and Huoro-
alkvi-Substituted Alkarvisiloxane Polvmers. by Fo W Choe and H. Rosenperg. Wight-Patterson
AFB.  Ohio,  December 1977, (AFML-TR-675-182,  Part Il.  AD B047114. publication
UNCLASSIFIED.)

30

PR IR . e . T ot e e R (ST
WS et e N e Sy . . D N SRS S -

IR IR . O P i . A A o - LY
DR PPN . o . v T T RTINS S R N Y
ot e bN w“ PO P ALY VAN SOl ST SrSTRIay S ey e

o
v
R

DL P L IR U AP
R
PR IS S

i

L.




LAl Saadi st el Sies T Laanmed Ml aad aud el g e

NWC TP 6499

94. 1. J. Goldfarb and others. “Thermal Stability-structure Correlations in Arylenesiloxanylene
Polymers.” Organomet. Polv., (Symp.), pp. 239-255. New York Academic Press, N.Y., 1978.

95. H. Rosenberg and E. W. Choe. “Methyl- and 3.3.3-Trifluoropropyl-Substituted m-Xylylene-
siloxanylene Polymers.” Organomet. Poly., (Symp.), pp. 239-247. New York Academic Press.
N.Y.. 1978

96.  General Electric Company. Organosilicon Compounds and Efastic Polymers Therefrom. 7 June
1961. (British Patent 870.024.)

97. C. A. Pearce and others. Heat-Resistant  Organosilicon  Polymers. 16 May 1962. (British
Patent 896.301.)

98. J. H. Ko and J. E. Mark. “Configuration-Dependent Properties of Polydimethylsilmethylene
Chains. 1. Experimental Results.” Macromolecules, Vol. 8. No. 6 (1975), pp. 869-874.

99, W. A. Kriner. “The Preparation of Cyclic Siliconmethylene Compounds.™ J. Org Chem.,
Vol. 29, No. 6 (1964). pp. 1601-1606.

100. W. A. Kriner. Heterocyclic and Linear Silicon Mecthylene and Polysiloxane Compounds
Containing Silicon Methylene Units. 13 April 1965. (U.S. Patent 3.178,392))

101. H. Gilman and W. H. Atwell. “Preparation of 1,1.3,3-Tetramethyl-1 3-disilacyclobutane.™
J. Org. Chem., Vol. 2, No. 3 (1964). pp. 277-278.)

102, G. Greber and G. Degler. ™ Oligomeric  Silicon  Compounds With Functional Groups. VI
Preparation of Homologous £, '-dichloropolysilmethylenes.” Makromel. Chem.. Vol. 32
(1962). pp. 174-183.

103. W. 1. Knoth. Jr. and R. V. Lindsey. Jr. *1.1.3.3-Tetramethyl-1 3-disilacyciobutane.”™ J. Org
Chem., Vol 23, (1958). pp. 1392-1393,

104. W. H. Knoth, Jr. Organosilicon Compounds. 2 September 1958, (U.S. Patent 2.850.514.)

105. G. Fritz. “Formation and Properties of Carbosilanes.” Agnew. Chem. Int. Fd. Fngl, Vol 6,
No. 8 (1967), pp. 677-683.

106. N. S. Nametkin and others. “Synthesis of 1.1.3.3-Tetrasubstituted-1.3-Disilacyclobutanes.™ Iz,
Akad. Nauk SSSR, Scr. Khin., No. 5 (1965) pp. 929-930.

107. N. S, Namethin and others. “1.3-Disilucyclobutanes and Their Polymers.™ Dokl Ahad. Nauk
SSSR, Vol. 170. No. 5 (1966). pp. 108X 1091.

108 G, Levin. Fluonne-Containing  Disifacy clobutanes  and - Their Polymers, 20 August 1969,
(French Patent 1.579.767))

109 N Auner and 3 Gaobe, “Siluethenes, 11 Preparation and Charactenization ot 13- Diata. e bo
butanes ™ L Org. Chem, Vol 1880 Noo 2 (1980). pp. 151177,

A
P SR P

U
‘ar’a

o

» o . . - . . e e
BN - .- . - . e RN e R

P L S L A LT L I R T A P S SRR SRS .m. - et et e ettt L ey e et . St
St et . . . AL RS AL S et A e N . B e
PP SRR, S PR IPUIP B PSPPI A Sl Sl Sl S Nl N S R L. P, S - .. Sy N Sq ts 0 . A YA T IR
PREIPL DAL IR I



110.

1.

112

14,

16,

11&.

119.

120.

121

122

Eama S aas a aa o e s Sk mas o —— e T ——

NWC TP 6499

N. S, Nametkin and others. “Fonmmation of 1.3-Disilacyclobutanes in Reaction of Pyrolytic
Condensation of 1-Silacyclobuianes.”  [zv. Akad Nauk SSSR, Ser. Khim., No. 3 (1966).
pp. 584-585.

N. S. Nametkin and V. M. Vdovin. “Reactions of Silacyclobutanes Proceeding With Ring
Opening.” Izv. Akad. Nauk SSSR, Ser. Khim., No. 5 (1974), pp. 1153-1169.

R. D. Bush and others. “Silicon-Carbon Multiple Bonded Intermediates. Evidence for Dipolar
Character in Reactions With Trichlorosilane and Other Silicon Halides.” J. Am. Chem. Soc.,
Vol. 96 (1974), pp. 7105-7106.

C. M. Golino and others. ** Silicon-Carbon Multiple Bonded Intermediates. [. Reactions of
Ketones  and  Aldehydes With  Intermediates From Thermolysis of Silacyclobutanes.™
JOrg. Chem., Vol. 66 (1974), pp. 2941,

3 W, Curry and G. W. Harrison, Jr. “Polymerization and Cyclization of Allyldimethylsilane.”
J Org. Chem., Vol. 23 (1958), pp. 1219-1220.

3. 1. V. Swisher and H. H. Chen. “Silicon Heterocyclic Compounds. 1. Ring Size Effect in

Ring Closure by Hydrosiation.” J. Org. Chem., Vol. 69. No. 1 (1974), pp. 8391.

R. 1. Conlin and P. P. Guspar. *“Evidence for the Dimerization of Dimethylsilvlene to
Tetramethyldisilene.”™ /. Am. Chem. Soc., Vol. 98, No. 3 (1978). pp. 808&-870.

. G. Fritz and J. Grobe. *“Synthesis of Organosilicon Compounds. XVIL. The Formation of

Silicon-Methylenes in the Pyrolysis of Tetramethylsilane.” Z. Anorg. Allgem. Chem., Vol. 315
(1962). pp. 157-174.

G. Fritz und others. “Synthesis of Organosilicon Compounds.  XVIII. The Constitution of
SixCeHle Obtained in the Pyrolysis of Tetramethylsilane.™ 7 Anorg.  Allgem. Chem.,
Vol 321 (1963). pp. 10-20.

G. Fritz and others. “Carbosilanes.” Advan. Inorg. Chem.  Radiochem.. Vol. 7 (1965),
pp. 349415.

P. Potzinger and others.  “The Mercury-Sensitized Photolysis of Tetramethylsilane in the
Temperature Range 650°K - 800°K. The Heat of Formation of 2-Methyl-2-Silapropenc.”
Ber. Bensenges. Phys. Chem., Vol. 85 (1981), pp. 1119-1122.

L. Bastian and others.  “The Direct Photolysis of Tetramethylisilane in the Guas and Liquid
Phases.” Ber. Bensenges. Phys. Chem., Vol. 84, No. 1 (1980). pp. 56-62.

D. Seyferth and C. J. Attridge “1.1.33-Tetramethyl-1.3-disilacyclobutane and 1.1.3.3-Tetra-
methyl-i-sila-3.germacyclobutane via Active Metal Derivatives of Bis(chloromethyl)dimethyl-
sttane.”™ J. Org. Chem., Vol. 21. No. 1 (1970). pp. 103-106.

P. R Jones and T. F. O. Lim. “The Addition of Tert-Butvllithium to Vinvihalostlanes, A

Novel. High Yield Route to 1.3-Distdacyclobutanes.™ /. Am. Chem. Soc., Vol. 99, No. 6
t1977), pp. 2013-2015.

32

vy

e




Ao an B Siave Aeth st shgts e S ghagn S ary CYACTM AN S A i Shu i e S M Y 3 (e . . ) AR L e——

NWC TP 6499

124. Dow Corning Corporation.  Silacyclobutane Polymers and Telomers. 6 December 1967.
(British Patent 1.093.898.)

125. W. A. Kriner. “Catalytic Polymerization of 13-Disilacyclobutanes.” J. Polymer Sci, P1. A-1,
(1966), pp. 444-446.

126. G. Levin and J. B. Carmichael. “Molecular Weight Distribution and Thermal Characterization
of Polydimethylsilmethylene.” J. Polymer Sci, Part A-1, Vol. 6, No. 1 (1968), pp. 1-12.

127. W. R. Bamford and others. “Preparation and Properties of Polysilmethylenes: Use of Various
Compounds of Group VIII Metals as Catalyst.” J. Chem. Soc., Pact C, Org.. No. 13 (1966),
pp. 1137-1140.

128. J. C. Lovie and J. A. C. Watt. Organosilicon Polymers. 23 March 1966. (British Patent
1.023.797.)

129. V. A. Poletaev and others. “Regularities of 1.1,33-Tetramethyl-1.3-disilacyclobutane Poly-
merization on Nickel #-Crotyl Complexes.” Dokl Akad. Nauk SSSR, Vol. 208, No. 5 (1973),
pp. 1112-1115.

130. V. A. Poletaev and others. “Catalytic Polymerization of Silacyclobutane Monomers in the
Presence of Halides of Metals of Variable Valance.” Dokl Akad. Nauk SSSR, Vol. 208.
No. 5 (1973), pp. 1112-1115.

131. Dow Corning Corporation. Polymerization of Silacyclobutanes. 3 April 1968. (British Patent
1.108,196.)

132, A. V. Topchien. Silmethylenc Polymers. 25 February 1966. (French Patent 1.429.781.)

133 N, S. Nametkin and others. “Elastomeric Silmethylene Polymers. 6 October 1966. (German
Patent 1.226.310))

134 N. S. Nametkin and others. “Kinetics of the Thermally Initiated Polymerization of 1.1.3.3-
Tetramethyl-1 3-disilacyclobutane.”™ Dokl Akad. Nauk SSSR, Vol. 198, No. 5 (1971). S s
pp. 1096-1098. '

135 G Fntz and N, Geotz. “Formation of Organosilicon Compounds. XXXIV, Low Molecular
Weight  Carbosilanes  From  the Pyrolysis of Tetramethylsilane.™ Z. Anorg.  Allgem. Chem.,

Vol 375 No. 2 (19700 pp. 171-190,

13 NS, Nametkim  and  others. “Polymerization  of  1.1.3.3-Tetraphenyl-1.3-disilacyclobutane ™
Dokl Akad. Nauk SSSR, Vol. 162. No. 4 (1965), pp. 824-826.

137 1 T. Goodwin, Jr. Organo-Silicon Compounds. 10 June 1949, (British Patent 624551

135 G Greber and G. Degler. Linear 2. §2-Dichloro Organosilane Oligomers. 28 December 1967
(German Patent 1.257.434)

.

139 1. D Franas. Silicarbane Polymers. 30 October 1951 (US Patent 25373420

33

L
P
U I SR

. N . - DN e Lt el ltiel e et . - L B
- e Lt Lt . . e e e e e . e A R L TP TR P N S S N e LN S
S U L S S P e, e D L T T T R e PV o B A S B St S S

st R T A R T P TS ST S, S T Ty I A S g A R T L IO S
PRI UL Ut YL IPULI M WP UL VI SR ER el Shrv WP HRIY YASr S TdV Yot S B S T Gl Wil Tl Ul G 0 P Ul T U S T8 - = & WP Wy e T Y A s g a




Ty Laeuih s ani St et st e SRR RS

NWC TP 6499

140. Dow Corning Corporation.  Organosilicon Polymers. 27 February 1952. (British Patent
667.435)

141. J. T. Goodwin, Jr. Cyclic Silahydrocarbons. 19 August 1952. (U.S. Patent 2.607.791.)

142. J. T. Goodwin, Jr. Organosilicon Compounds. 10 June 1949, (U.S. Patent 624,550.)

143. J. T. Goodwin, Jr. Polysilinethylene. 4 Qctober 1949, (U.S. Patent 2483972)

144. J. T. Goodwin, Jr. Organosilicon Compounds. 7 November 1949. (British Patent 631.619.)

145. 1. T. Goodwin, Jr. Monofunctional Polysilahydrocarbons. 16 May 1950.  (U.S. Patent
2.707.512)

146. J. T. Goodwin, Jr. Silahydrocarbons. 6 March 193], (LS. Patent 2.544,079.)
147. H. A. Clark. Organosilicon Polymers. 16 May 1950. (U'.S. Patent 2.507,521.)

14%. W. I. Patnode and R. W. Schiessler. Halogenated Organosilicon Compounds. 7 August 1945,
(US. Patent 2381.000.)

149. N. S. Nametkin and others. “‘Silmethylene Elastomers.” Vysokomol Soedin., Vol. 7. No. 4
(1965). p 757.

150. J. E. Mark and J. H. Ko. “Configuration-Dependent Properties of Polydimethylsilmethylene
Chains. 1. Correlation of Theory and Experiment.” Macromolecules, Vol. 8. No. 6 (1975),
pp. 874.878.

151. J. C. Lovie and J. A. C. Watt.  Organosilicon Polymers Capable of Being Converted to
Elastomers. 7 February 1968. (British Patent 1,102.097.)

152, T. H. Thomas and T. €. Kendrick. “Thermal Analysis of Polysiloxanes. 11, Thermal Vacuum

Degradation of Polysiloxanes With Different Substituents on Silicon and in the Main Siloxane . <
Chain.” J. Polvmer Sci,, Part A2, Vol. 8. No. 10 (1970). pp. 1823-1830. e ]

153. D. J. Gordon. Substrates for Chromatography. 2 September 1969. (U.S. Patent 3.404.183)) »
- 4
154. Union Carbide Corporation. Organosilane Polvmers. IV. Polvcarbosilane Precursors for Silicon SRR
Carbide, by C. L. Schilling and others. Tarrytown. NY. 1981. (Report 80-1. AD-A099030. '
publication UNCLASSIFIED.) .
155. S. Yajima. “Development of Ceramics. Especially Silicon Carbide Fibers From Organosilicon ’ -y
Polymers by Heat Treatment.” Phil. Trans. R. Soc. Lond. Vol. A 294 (1980). pp. 419-426. . 1
156. Y. Hasegawa ard others. “Synthesis ot Continuous Silicon Carbide Fiber. Part 2. Conversion ORI
of Polycarbosilane Fiber Into Silicon Carbide Fibers.” J. Mater. Sci, Vol 15, No. 3 (19%0). -::1
pp. 720-728. ROREN
SR
L
34 o
r .

- AR IR P S SR B R SAVL P R I P R T ORI L W e e e T s e
AT s S P N TP PRV Ry P gt i P WA PRI B PACPE PRPL P PPN PR VSN - ssbemnincafeahandl




157.

158.

150.

T v e T N T T T T ——— - T T T T T T T Ty T

NWC TP 6499

S. Yajima and others. “Synthesis of Continuous Silicon Carbide Fiber With High Tensile
Strength and High Young’s Modulus. Part 1. Synthesis of Polycarbosilane as Precursor.”
J. Marer. Sci, Vol 13, No. 12 (1978), pp. 2569-2576.

S. Yajima. “Development of Heat-Resisting Materials Using Organosilicon Polymers as the
Precursor.” New Dev. Appl. Compos., Proc. Symp., Warrendale. PA, Metall. Soc. AIME. 1979.

pp. 241-251.

S. Yajima. “Development of Ceramics, Especially Silicon Carbide Fibers, From Organosilicon
Polymers by Heat Treatment.” Philos. Trans. R. Soc. London, Ser. A, Vol. 294, No. 1411
(1980), pp. 419-426.

35

EERPCEA

AV . . =TT R R PR v . P . PR ._,"-..«
PRSP P SRPURERS - ORI Lo e T e T e s e S e e T
PSR SRR ittt elentlaaalt ol

;
]
]
4




Pa e e

DMSO

TGA
THF

PRI IR i

NWC TP 6499

NOMENCLATURE

Boiling point

Carbon-13

Dimethylsulfoxide

Degree of polymerization

Density at 25°C

Gel permeation chromatography

Infrared

Number average molecular weight of a polymer
Melting point

Weight average molecular weight of a polymer
Nuclear magnetic resonance

Index of refraction

Index of refraction at 25°C

Glass transition temperature
Thermogravimetric analysis

Tetrahydrofuran

Intrinsic viscosity

Pi
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