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TECHNICAL MEMORANDUM X-53970 

DEVELOPMENT OF POLYMERIC FUEL TANK SEALANTS 
FOR ADVANCED AEROSPACE VEHICLES 

INTRODUCTION 

The need f o r  a new fami ly  of polymeric  mater ia l s  f o r  s e a l a n t  
a p p l i c a t i o n  i n  advanced aerospace s t r u c t u r e s  has  been emphasized by the  
margina l  performance of  commercially a v a i l a b l e  f u e l  tank  s e a l a n t s  i n  
t h e  p r e s e n t l y  conf igured  supe r son ic  t r a n s p o r t  a i r c r a f t .  These s e a l a n t s  
a re  r equ i r ed  t o  f u n c t i o n  i n  thermo-oxidat ive environments up t o  500°F 
i n  t h e  presence of hydrocarbon f u e l s  f o r  pe r iods  equ iva len t  t o  t h e  s e r v i c e  
l i f e  of  t he  a i r c r a f t ,  approximately 50,000 hours .  Add i t iona l ly ,  t h e  
s e a l a n t  must no t  c o n t r i b u t e  t o  stress co r ros ion  of t i t a n i u m  a l l o y s ,  
no tab ly  the  6A1-4V a l l o y ,  used i n  f u e l  t ank  cons t ruc t ion .  

For  some t i m e  t h e  development of improved polymeric s e a l a n t  m a t e r i a l s  
t o  meet t h e  s t r i n g e n t  requirements  imposed by the  SST has been t h e  s u b j e c t  
of a n  i n t e n s i v e  s tudy  being conducted by t h i s  Center .  The in-house 
program i s  now supported by t h r e e  con t r ac t ed  i n v e s t i g a t i o n s  w i t h  the  
goa l  o f  the  o v e r a l l  program be ing  t h e  development of improved thermal ly  
r e s i s t a n t  s e a l a n t  m a t e r i a l s  f o r  use i n  t h e  f u e l  tanks  of advanced h igh  
speed a i r c r a f t .  
Dayton, Ohio, under c o n t r a c t  NAS8-21401, encompasses the  development of 
new o r  improved thermal ly  s t a b l e  polymers which are  s u i t a b l e  f o r  process ing  
i n t o  s e a l a n t s  i n  c r i t i c a l  meta l  j o i n t s  i n  f u e l  tanks  on advanced a i r c r - a f t .  

Task A ,  be ing  c a r r i e d  o u t  by Monsanto Research Corporat ion,  

Task B,  a l s o  under c o n t r a c t  (NAS8-21398) t o  Monsanto Research 
Corpora t ion ,  has  as i t s  o b j e c t i v e  t h e  formula t ion ,  a p p l i c a t i o n ,  eva lua t ion ,  
and process  eng inee r ing  of new s e a l a n t  mater ia l s .  Add i t iona l ly ,  a second 
o b j e c t i v e  of t h i s  t a s k  w i l l  be a d e f i n i t i v e  s tudy  of t he  enhancement of 
t i t a n i u m  s t r e s s  co r ros ion  s u s c e p t i b i l i t y  by h i g h l y  f l u o r i n a t e d  polymer 
systems. It i s  hoped t h a t  t h i s  s tudy  w i l l  determine unequivocal ly  i f  
f l u o r i n a t e d  polymers,  r e g a r d l e s s  of s t r u c t u r e ,  i n h e r e n t l y  enhance t h i s  
stress co r ros ion ,  o r  i f  the  phenomenon is  completely dependent on polymer 
s t r u c t u r e  o r  chemis t ry .  

Task C ,  formerly under c o n t r a c t  NAS8-21399 t o  Bat te l le  Memorial I n s t i t u t e ,  
Columbus, Ohio, has  as i t s  goa l  t he  combination of r e l e v a n t  t heo ry  and 
exper imenta l  d a t a  t o  provide a b a s i s  f o r  p r e d i c t i n g  the  performance of  
s e a l a n t  m a t e r i a l s  du r ing  long d u r a t i o n  s e r v i c e .  
s tudy  w i l l  be t o  dev i se  a meaningful  s h o r t  t e r m  t e s t  which w i l l  g ive  

A p r a c t i c a l  g o a l  of t h i s  



r a p i d  in fo rma t ion  i n d i c a t i n g  the  r e l a t i v e  and, p r e f e r a b l y ,  t h e  a b s o l u t e  
performance of s e a l a n t s  over a much more p r o t r a c t e d  per iod .  

Through t h e  combined e f f o r t s  of t h e  in-house program and Tasks A ,  
B, and C ,  it i s  a n t i c i p a t e d  t h a t  a s e r i e s  of polymeric m a t e r i a l s  w i l l  be 
developed which w i l l  f u n c t i o n  a s  f u e l  t ank  s e a l a n t s  i n  t h e  h o s t i l e  thermo- 
o x i d a t i v e  environment of t h e  hypersonic  a i r c r a f t  now under development. 

DISCUSSION 

The b a s i c  requirement of minimum degrada t ion  of polymeric s e a l a n t  
m a t e r i a l s  i n  hydrocarbon f u e l s  i s  most d r a m a t i c a l l y  met by i n c o r p o r a t i o n  
of f l u o r i n e ,  e i t h e r  a long  t h e  polymer backbone o r  i n  pendant groups. 
Examples of t h i s  a r e  the  commercially a v a i l a b l e  Vi ton  f luorocarbon,  

.+ 
and f l u o r o s i l i z o n e  

CH2 CH2 CF3 

CF2 CF2 -CHCFZ 
I 
CF3 

f 

both of which a r e  c u r r e n t l y  under s tudy  as p o t e n t i a l  f u e l  t ank  s e a l a n t s .  
However, i n h e r e n t  weaknesses a r e  p r e s e n t  i n  both m a t e r i a l s .  The Vi ton  
polymer has f l u o r i n e  and hydrogen on a d j a c e n t  carbon atoms, which would 
encourage t h e  f a c i l e  e l i m i n a t i o n  of HF t o  promote stress c o r r o s i o n  of  
t i t a n i u m  a l l o y s .  While t h e  HF e l i m i n a t i o n  i s  no t  a proven mode of 
stress c o r r o s i o n ,  t h e  h igh  stress c o r r o s i o n  tendencies  of t h e  Vi ton  
polymer a r e  w e l l  documented. 

Tne f l u o r o s i l i c o n e  polymer has  a similar s t r u c t u r a l  d e f i c i e n c y  but  
does n o t  c o n t r i b u t e  t o  t i t a n i u m  s t r e s s  c o r r o s i o n  n e a r l y  t o  t h e  e x t e n t  
of Viton. A more s e r i o u s  shortcoming i s  the  margina l  thermal  s t a b i l i t y  
of t h i s  polymer a t  500'F f o r  extended pe r iods .  

An exper imenta l  a r y l  s i l i c o n e  polymer was under development in-house 
a t  t h e  time of i n i t i a t i o n  of t h e  s e a l a n t  program. This  polymer can be 
r ep resen ted  by t h e  fo l lowing  formula,  
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where R and R '  a r e  normally methyl o r  phenyl,  and i s  termed poly- 
s i l pheny lenes i loxane  . Comparative weight  l o s s  measurements between the  
s i l pheny lenes i loxane  and s i l i c o n e  polymers fo l lowing  i so thermal  ag ing  
a t  500 and 600'F p red ic t ed  a h ighe r  thermal -oxida t ive  s t a b i l i t y  f o r  t he  
former material ,  as dep ic t ed  i n  t h e  t a b l e  below. 

TABLE I. Iso thermal  Aging of  S i lphenyienes i loxane  Polymers 

Percent  Weight Loss 
Polymer 1 Polymer 2 Commercial 

Temperature R = R '  = CH3 R = R' = @ RTV S i l i c o n e  

500°F 5 2 7 

600°F 15 8 18 

These uncured polymers were aged i n  a n  a i r  environment f o r  7 hours  
p r i o r  t o  measurement of weight  l o s s .  The b a s i c  s i l pheny l s i loxane  polymer 
i s  formed through a condensat ion polymer iza t ion  of a d i s i l a n o l  w i t h  a 
d iaminos i lane  such t h a t  both monomers can be synthes ized  t o  c o n t a i n  
d e s i r a b l y  s t r u c t u r e d ,  f l uo r ine -con ta in ing  groups.  

Thus, t he  c u r r e n t  emphasis of t he  in-house s e a l a n t  program has been 
t h e  development of f l u o r i n a t e d  s i lpheny lenes i loxane  polymers as candida te  
f u e l  tank  s e a l a n t s .  This  r e p o r t  d e s c r i b e s  the  c u r r e n t  s t a t u s  of t he  
in-house s e a l a n t  program, i n  which t h e  predominant e f f o r t  has  been the  
p r e p a r a t i o n  of s u i t a b l e  f luo r ine -con ta in ing  in t e rmed ia t e s  f o r  po lymer iza t ion .  
Pre l iminary  polymer iza t ion  and cu re  s t u d i e s  a r e  r epor t ed ,  as  w e l l  as 
e v a l u a t i o n  of t he  polymers as p o t e n t i a l  s e a l a n t s .  

Formation of Polymer In t e rmed ia t e s  

The s i lpheny lenes i loxane  polymer i s  normally formed from a d i s i l a n o l ,  

CH3 CH3 CH3 R CH3 
I I I  I 

I I I I  I 
HO- b i -0- S i  -OH and a d iaminos i lane ,  N - S i  - N 

CH3 CH3 CH3 R CH3 

and both  monomers can be modified t o  inco rpora t e  f l u o r i n a t i o n .  The 
d iaminos i lane  l ends  i t s e l f  most r e a d i l y  t o  f l u o r i n e  s u b s t i t u t i o n  through 
the  R-grcups. The in t e rmed ia t e  i s  formed by dimethylaminat ion of i t s  

3 



p r e c u r s o r ,  t h e  d i c h l o r i d e .  A t  l e a s t  two f l u o r i n e - c o n t a i o i n g  d i ch lo ro -  
s i l a n e s ,  3,3,3-trifluoropropylmethyldichlorosilane and 3- (heptaf luoro-  
isopropoxy)propyl me thy ld ich lo ros i l ane ,  were commercially a v a i l a b l e  
and provided a convenient s t a r t i n g  p o i n t  t o  a s s e s s  the  e f f e c t  of v a r i o u s  
f l u o r i n e  groups i n  t h e  r e s u l t i n g  polymer. Thus, t h e  cor responding  
d i aminos i l anes ,  3,3,3-trifluoropropylmethyl-bis(dimethylamino)silane (I) 
and ~ e p t a f l u o r o i s o p r o p o x y ) p r o p y l m e t h y l - b i s ( d i m e t h y l a m i n o ) s i l a n e  (11) 
were r e a d i l y  prepared i n  h igh  p u r i t y .  

CH3 
I 

( CH3 ) N - S i -N ( CH3 ) 
I 

CH3 
I 

(CH, ) 2N- S i -N ( CH3 ) 
I 

The u t i l i z a t i o n  of t h e s e  and o t h e r  i n t e rmed ia t e s  i n  polymer formation 
i s  d i scussed  i n  a subsequent s e c t i o n .  

The f l u o r i n a t i o n  i n  t h e  above i n t e r m e d i a t e s ,  wh i l e  n o t  s u f f i c i e n t  
t o  s t a b i l i z e  t h e  s i l pheny lenes i loxane  polymers toward hydrocarbon f u e l s ,  
provided a r e f e r e n c e  p o i n t  f o r  assessment of exper imenta l  f l u o r i n a t e d  
in t e rmed ia t e s .  The f i r s t  approach toward inc reased  f l u o r i n a t i o n  i n  a 
s t a b l e  c o n f i g u r a t i o n  involved the  in’termediate 3,5-di(trifluoromethyl)- 
phenylbromide. 
exchange w i t h  ethylmagnesiumbromide (Ref. 1) and condensed w i t h  both 
t e t r a c h l o r o s i l a n e  and t e t r a e t h o x y s i l a n e  i n  a n  e f f o r t  t o  prepare  d i -  
s u b s t i t u t e d  s i l i c o n  in t e rmed ia t e s  of t h e  type (Rf),Si&. These products  
would be converted t o  the  bis(dimethy1amino)silane polymer p recu r so r s .  
Numerous condensa t ions  of t h e  Grignard w i t h  SiC14 o r  Si(OC$CH3)4 i n v a r i a b l y  
r e s u l t e d  i n  undes i r ab ly  h igh  degrees  of s u b s t i t u t i o n  of t h e  f l u o r i n a t e d  
moiety and t h e  d i s u b s t i t u t i o n  product  was formed i n  ve ry  l o w  y i e l d ,  

The Grignard r eagen t  of t h i s  compound was prepared through 

X = C 1 ,  OCGCH,; n = 1-4. 

F l u o r i n e  a p p a r e n t l y  s e r v e s  t o  enhance the  r e a c t i v i t y  of t h e  mono- and d i -  
s u b s t i t u t i o n  products  so  t h a t  they  a r e  more r e a c t i v e  toward t h e  Grignard 
condensa t ion  t h a n  t h e  u n s u b s t i t u t e d  compounds, d r i v i n g  the  condensa t ion  

4 



process  t o  t r i -  and t e t r a - s u b s t i t u t e d  in t e rmed ia t e s .  This  phenomenon 
was a l s o  observed by Whittingham e t  a l .  (Ref. 2) i n  similar condensat ions 
involv ing  the  pentaf luorophenyl  group. These workers were a b l e  to  prepare  
bis(pentafluoropheny1)diethoxysilane (111) by a s o l v e n t  a d d i t i o n  method 
and conver t  it t o  bis(pentafluoropheny1)dichlorosilane ( IV)  by t rea tment  
w i th  a c e t y l  ch lo r ide .  Compounds (111) and ( I V )  were prepared i n  t h i s  

. l a b o r a t o r y  wi th  the  i n t e n t i o n  of conve r t ing  t h e  d i c h l o r i d e  t o  t h e  
b i s  (dime thylamino) d e r i v a t i v e  , b i s  (pentaf  luorophenyl) - b i s  (dime thylamino) - 
s i l a n e  (V) . 

Compound (V) was prepared i n  very  low y i e l d  wi th  evidence of decompasit ion.  
The 3,5-di(trifluoromethyl)phenyl d e r i v a t i v e s  would n o t  form under t h e  
cond i t ions  u t i l i z e d  f o r  p repa ra t ion  of the  pentafluorophenylethoxysilanes 
and t h i s  approach was d iscont inued .  

The appare’nt requirement  t o  reduce t h e  r e a c t i v i t y  o r  f u n c t i o n a l i t y  
of t h e  s i l i c o n  in t e rmed ia t e  du r ing  the  Grignard condensat ion prompted 
s e v e r a l  a l t e r n a t e  approaches.  The i n i t i a l  a t t empt  involved r educ t ion  
of f u n c t i o n a l i t y  of t he  a lkoyxs i l ane  in t e rmed ia t e .  Thus, methyl t r ie thoxy-  
s i l a n e  and pheny l t r i e thoxps i l ane  were u t i l i z e d  i n  p l ace  o f  t e t r ae thoxy-  
s i l a n e  i n  the  Grignard condensation: 

R =  -0, -CH, 
R 

I 

It was found i n  t h i s  case t h a t  the  d ie thoxy d e r i v a t i v e s  could be formed 
i n  s a t i s f a c t o r y  y i e l d s  wi th  less tendency t o  proceed t o  h ighe r  degrees  
of s u b s t i t u t i o n .  I n  t h i s  f a s h i o n  p h e n y l - 3 , 5 - d i ( t r i f k w a r ~ t h y l p h e n y l ) -  
d i e thoxys i l ane  ( V I )  and me thy l -3 ,5 -d i ( t r i f l uo romethy lphenyP)d ie tho~s i l~ne  
( V I I )  were prepared.  

5 



CH3CH20-S i-OCH,CH3 
I 
CH3 

These condensat ions were found t o  be r a t h e r  s l u g g i s h  under t e t r ahydro fu ran  
r e f l u x  cond i t ions  and r equ i r ed  prolonged r e f l u x  t o  e f f e c t  monosubst i tut ion.  
An op t imiza t ion  s tudy  of t he  Grignard r eagen t  f o r  t h i s  r e a c t i o n  was a l s o  
c a r r i e d  ou t .  D i r e c t  p r e p a r a t i o n  of t he  Grignard was c a r r i e d  o u t  i n  
t e t r ahydro fu ran  f o r  comparison of t he  y i e l d  of Grignard prepared by the  
exchange method. 
r e l a t i v e  q u a n t i t i e s  of hydro lys i s  product  were compared by gas chromatography. 
The exchange method r e s u l t e d  i n  90-95% of t h e  t h e o r e t i c a l  q u a n t i t y  of 
Grignard,  whereas the  d i r e c t  method produced only  50-60% Grignard 
accompanied by format ion  of t he  coupl ing product ,  bis(3,5-di(trifluoromethyl)- 
biphenyl.  

Hydrolyses were c a r r i e d  o u t  i n  d i l u t e  ac id  and the  

The convers ion  of compounds ( V I )  and @II>to the  d i c h l o r i d e s  was 
c a r r i e d  o u t  by t h e  publ ished procedure (Ref. 2) u t i l i z i n g  a c e t y l c h l o r i d e :  

R 0 R 0 
\ I I  \ I I  

? / 
Rf R f 

Si(0C&CH3), -I- CH3CC1 ,* SiC12 -t CH3-C-OC&cH3 

This  e q u i l i b r i u m  r e a c t i o n  y ie lded  phenyl-3,5-di(trifluoromethyl)phenyl- 
d i c h l o r o s i l a n e  ( V I I I )  and methyl-3,5-di(trifluoromethyl)phenyldichlorosilane 
(W 

cF30cF3 C1-Si-C1 cF3 OCF3 
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The purification of these dichlorides proved quite difficult due to residual 
ethoxy-functional substituents, and purification by preparative gas 
chromatography was normally necessary to produce analytically pure 
samples. The dimethylamination of (VIII) and (IX) proceded readily 
to provide the desired polymer precursors, phenyl-3,5-di(trifluoromethyl)- 
phenyl-bis(dimethy1amino)silane (X) and methyl-3j5-di(trifluoromethyl)- 
phenyl-bis (dimethy1amino)silane (XI). 

Additionally, the pentafluorophenyl derivative was prepared by 
this general procedure. Attempts to prepare this pentafluorophenyl- 
analog of compound (VII) by condensation of  pentafluorophenylmagnesium- 
bromide with methyltriethoxysilane were unsuccessful when carried out 
at the tetrahydrofuran reflux temperature, as no salt formed as evidence 
of reaction. When methylchlorodiethoxysi lane was substituted, the 
Grignard preferentially reacted with the chloride to form the desired 
product, mthylpentaf luorophenyld ie thoxys i lane  (XII). 

CH3 CH2 0 -Si -OC% CH3 
I 

The inconsistent reactivity of 3,5-di(trifluoromethyl)phenylmagnesium 
bromide versus pentafluorophenylmagnesium bromide when reacted.with 
methyltriethoxysilane is not explainable at this time. 

The diethoxy compound (XII) was converted in the previously 
described fashion to pentaf luorophenylmethyldichlorosi lane (XIII) and 
pentafluorophenyl-bis (dimethylamino) silane (XIV) . 
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(CH, ) N- S i -N ( CH3)2 
I 

CH3 

Numerous a t t empt s  were made t o  prepare  compounds ( X I I ,  ( X I I I )  , 
and ( X I V ) ,  i n  which the  methyl group i s  rep laced  by the  phenyl r i n g .  
However, t hese  a t t empt s  were not  s u c c e s s f u l .  

It w a s  shown through p re l imina ry  f u e l  exposure t e s t s  ( t o  be 
d iscussed  i n  a l a t e r  s e c t i o n )  of polymeas prepared from in t e rmed ia t e s  
(X) and ( X I )  t h a t  increased  f l u o r i n a t i o n  was d e s i r a b l e  t o  f u r t h e r  reduce 
t h e i r  swe l l ing  c h a r a c t e r i s t i c s  i n  f u e l s .  One approach t o  the p repa ra t ion  
of b i s ( f luo roa ry1)  d e r i v a t i v e s  involved s u b s t i t u t i o n  of a l e s s  r e a c t i v e  
in t e rmed ia t e  than  the  Grignard reagent  f o r  condensat ion wi th  SiC14: 

Reac t ive  organometa l l ic  d e r i v a t i v e s ,  such as Grignard r eagen t s ,  y i e l d  
the  t r i a lky lphosph ine  when t r e a t e d  wi th  phosphorus t r i c h l o r i d e  ; no 
mono- o r  d i - s u b s t i t u t e d  products  a r e  obta ined .  Fox (Ref. 3) r epor t ed  
the  s y n t h e s i s  of a lkyld ich lorophosphines  through t rea tment  of phosphorus 
t r i c h l o r i d e  wi th  the  l e s s  r e a c t i v e  organo-cadmium d e r i v a t i v e s .  Although 
the  a d d i t i o n  of PC1, t o  the organocadmium d e r i v a t i v e  y i e l d s  a mixture  
of mono-, d i - ,  and t r i - s u b s t i t u t e d  products ,  r eve r se  a d d i t i o n ,  i .e. ,  
the  a d d i t i o n  of the  cadmium compound t o  an  excess  of phosphorus t r i c h l o r i d e ,  
gave l i t t l e  evidence of r e a c t i o n  wi th  more than  one halogen atom. I n  
view of t h e  s i m i l a r i t y  between PCl, and SiC14, and through adjustment  
of t he  s to i ch iomet ry  of the  r e a c t a n t s ,  i t  seemed l o g i c a l  t o  assume 
t h a t  r e a c t i o n  of t he  organo-cadmium d e r i v a t i v e  w i t h  s i l i c o n  t e t r a c h l o r i d e  
would lead  t o  the  d e s i r e d  d i - s u b s t i t u t e d  d e r i v a t i v e .  E s s e n t i a l l y ,  t h e  
r e a c t i o n  c o n s i s t s  of t h r e e  s t e p s :  p r e p a r a t i o n  of t he  appropr i a t e  
Grignard r eagen t ,  conversion t o  the  corresponding organo-cadmium compound, 
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and r e a c t i o n  of t he  cadmium d e r i v a t i v e  w i t h  s i l i c o n  t e t r a c h l o r i d e  
a t  -20°C (while no sys t ema t i c  s tudy  t o  determine the  optimum cond i t ions  
f o r  t he  r e a c t i o n  was c a r r i e d  ou t ,  Fox determined t h a t  t h e  b e s t  y i e l d s  
of t h e  d ich lorophosphines  were obta ined  by the  a d d i t i o n  of t h e  d i a l k y l -  
cadmium t o  the  phosphorus t r i c h l o r i d e  a t  a ra te  c o n s i s t e n t  w i t h  the  
maintenance of r e a c t i o n  temperature  i n  t h e  v i c i n i t y  of t h i s  temperature) .  

Unfor tuna te ly ,  i t  was found through a number of experiments  t h a t  
even when the  f l u o r i n a t e d  organo-cadmium d e r i v a t i v e  was added t o  a 
l a r g e  excess o f  S ic14  a t  sub-zero tempera tures ,  m u l t i p l e  s u b s t i t u t i o n  
on the  s i l i c o n  atom occurred y i e l d i n g  a mixture  of d i -  and t r i - a r y l  
s i l a n e s .  This  mixture  could not  be sepa ra t ed  when sub jec t ed  t o  f r a c t i o n a l  
d i s t i l l a t i o n  i n  vacuo through a 15-inch packed column. It can only  
be surmised t h a t  t h e  enhanced r e a c t i v i t y  of t h e  organo-cadmium d e r i v a t i v e  
through the  presence of t h e  f l u o r i n e  atoms was r e spons ib l e  f o r  t h e  
observed r e s u l t s .  

An a l t e r n a t e  approach t o  t h i s  s y n t h e s i s  involved b locking  2 of t h e  
4 a v a i l a b l e  c h l o r i n e s  i n  SiC14 by s u b s t i t u t i n g  s t e i i c a l l y  h indered ,  
less r e a c t i v e  groups.  The in t e rmed ia t e ,  diisopropoxydichlorosilane 
(Ref. 4 ) ,  w a s  prepared f o r  t h i s  purpose and t h e  fo l lowing  condensat ion 
was e f f e c t e d :  

CF3 

CF3 

0 -MgBr D 
CF; 

C l  CH3 
I / 

/ I \ 
CH3 c1 CH3 

CH3 
\ + CHO- S i- OCH + ( CH3 )2 CHO- i-OCH (CH3 )2 

I n  t h i s  manner t h e  d e s i r e d  product ,  bis(3,5-di(trifluoromethyl)- 
phenyldiisopropoxysilane (XV), was prepared i n  35% y i e l d .  The isopropoxy 
group con t r ibu ted  s u f f i c i e n t  s t e r i c  hinderance t h a t  t he  s u b s t i t u t i o n  
on s i l i c o n  was l i m i t e d  t o  2. The d r a s t i c  r educ t ion  i n  r e a c t i v i t y  of 
t he  isopropoxy group compared t o  t h e  ethoxy group was evidenced by the  
f a c t  t h a t  prolonged r e f l u x  a t  135°C could be maintained wi thou t  
s i g n i f i c a n t  format ion  of h ighe r  s u b s t i t u t i o n  products .  
p r o p e r t i e s  of t h e  isopropoxy group appa ren t ly  accounted f o r  t h e  low 
y i e l d  of product .  It i s  a n t i c i p a t e d  t h a t  diisobutoxydichlorosilane, 
having the  i sop ropy l  r a d i c a l  on the beta-carbon, would provide  a b e t t e r  
combination of s t e r i c  hinderance and r e a c t i v i t y  when condensed w i t h  
t h e  Grignard r eagen t .  

The s t e r i c  
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The u t i l i t y  of compound (XV) i n  provid ing  two p o s s i b l e  r o u t e s  t o  
t h e  s i l p h e n y l e n e s i l o x a n e  polymer i s  demonstrated i n  t h e  r e a c t i o n  sequence 
be low : 

This  compound (XV) i s  be ing  considered as a p r e c u r s o r  both f o r  diamino- 
s i l a n e  and d i s i l a n o l  monomers. Treatmekt of (XV) w i t h  a c e t y l  c h l o r i d e  
was c a r r i e d  o u t  s tepwise  w i t h  t h e  i sopropyl  a c e t a t e  removed a f t e r  
each t rea tment .  The r e a c t i o n  could be d r i v e n  e s s e n t i a l l y  t o  completion 
i n  t h i s  fash ion .  A s  i n  t h e  case of t h e  ethoxy d e r i v a t i v e s ,  however, 
t h e  r e s i d u a l  isopropoxy and c h l o r o  d e r i v a t i v e s  have been extremely 
d i f f i c u l t  t o  s e p a r a t e  by convent iona l  d i s t i l l a t i o n .  The h y d r o l y s i s  of  
(XV) appears  a more s t r a i g h t  forward approach and has  been s t u d i e d  i n  
some d e t a i l .  I n  o r d e r  t o  e s t a b l i s h - t h e  g e n e r a l  c o n d i t i o n s  f o r  h y d r o l y s i s  
of (XV) i t s  nonf luor ina ted  c o u n t e r p a r t ,  diphenyldiisopropoxysilane, 
was prepared and s u c c e s s f u l l y  hydrolyzed t o  diphenyldihydroxysi lane 
i n  h igh  y i e l d  by t rea tment  w i t h  methanol ic  sodium hydroxide s o l u t i o n  
followed by p r e c i p i t a t i o n  from a potassium dihydrogenphosphate s o l u t i o n  
(Ref. 5). Compound (XV) was hydrolyzed by t h i s  procedure and t h e  r e s u l t a n t  
o i l  had t h e  expected i n f r a r e d  spectrum f o r  a d i s i l a n o l .  A m o d i f i c a t i o n  
o f  t h e  above h y d r o l y s i s  r e s u l t e d  i n  p r e c i p i t a t i o n  of  a whi te  s o l i d  
t e n t a t i v e l y  c h a r a c t e r i z e d  a s  t h e  d e s i r e d  d i o l ,  b i s  (3,5-di(trifluoromethyl) - 
phenyl) dihydroxys i l a n e  (XVI)  . 

F3C CF3 

HO - S i  - OH 

This  d i o l  i s  t o  be polymerized w i t h  a bis(aminosi1ane) i n c o r p o r a t i n g  
t h e  s i lphenylene  moiety.  The p r e p a r a t i o n  of t h e  s i lphenylene  i n t e r m e d i a t e  
is o u t l i n e d  below: 
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I 

I I 
HO- A i-0 Si-OH 

B r  - 0 B r  c1 

(XVII) ( CH3) 2N- S I I i - o { i - N ( C H 3 ) 2  

The d i o l ,  1,4-bis(hydroxydimethylsilyl)benzene ( X V I I I )  i s  t h e  b a s i c  
monomer u t i l i z e d  w i t h  t h e  f l u o r i n a t e d  bis(aminosi1ane) descr ibed  
e a r l i e r .  I t s  p r e p a r a t i o n  has  been s t u d i e d  i n  d e t a i l  and can be obtained 
i n  h igh  p u r i t y  by t h i s  procedure (Ref. 6) .  Conversely,  i f  f l u o r i n a t i o n  
i s  incorpora ted  i n t o  t h e  d i o l  r a t h e r  than  t h e  b i s  (aminosilane) l a s .  
i n  t h e  case of compound ( X V I ) ,  t h e n  the  s i lphenylene  moiety can be 
incorpora ted  i n t o  a b is (aminos i lane) ,  1,4-bis(dimethylaminodimethylsilyl)- 
benzene ( X I X ) .  This  compound i s  r e a d i l y  prepared from t h e  d i c h l o r i d e  
and can be f r a c t i o n a t e d  t o  a n  acceptab le  p u r i t y  f o r  polymerizat ion.  

A s  a n  a l t e r n a t e  approach t o  l i m i t i n g  t h e  r e a c t i v i t y  of t h e  s i l i c o n  
i n t e r m e d i a t e ,  i t  was envis ioned t h a t  use of a hindered amine i n  t h e  
r e a c t i o n  wi th  s i l i c o n  t e t r a c h l o r i d e  might l ead  t o  t h e  formation of  a 
d i s u b s t i t u t e d  d e r i v a t i v e  which could be subsequent ly  allowed t o  condense 
w i t h  a f l u o r i n a t e d  Grignard r e a g e n t ;  

R C 1  R MgBr 
1 1  I 

SiC1,. + HNRR' = R'N-Si-NR' + 2 
I / 

q. 

c1 
2 
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The product  of t hese  r e a c t i o n s  would be a d e r i v a t i v e  which would lend 
i t s e l f  t o  d i r e c t  r e a c t i o n  wi th  a s i l a n e  d i o l  t o  e l i m i n a t e  amine and 
form the  d e s i r e d  f l u o r i n a t e d  polysilphenylenesiloxane. 

The use of hindered amines t o  l i m i t  the  degree of s u b s t i t u t i o n  on 
a p a r t i c u l a r  c h l o r i n a t e d  atom i s  not  novel .  
p h o s p h o n i t r i l i c  c h l o r i d e s ,  John e t  a l .  (Ref. 7) prepared t e t r a -  
s u b s t i t u t e d  d e r i v a t i v e s  employing N-methylaniline i n  moderate y i e l d  
the  s u b s t i t u t i o n  being e n t i r e l y  non-geminal a s  s u b s t a n t i a t e d  through 31Pmr 
s p e c t r a .  Later,  B e r l i n  e t  a l .  (Ref. 8) prepared 2 ,4 ,6 ,8 - t e t r ach lo ro -  
2,4,6,8-tetramethylcyclohexylaminotetraphosphazine i n  q u a n t i t a t i v e  
y i e l d  employing N-methylcyclohexylamine, and showed through n.m.r. s t u d i e s  
t h a t  t he  d e r i v a t i v e  w a s  non-geminally s u b s t i t u t e d .  

I n  t h e i r  work wi th  t e t r a m e r i c  

I n  t h e s e  s t u d i e s ,  t h e  r e a c t i o n  between s t o c h i o m e t r i c  amounts of 
s i l i c o n  t e t r a c h l o r i d e  and N-methylcyclohexylamine gave r i s e  t o  the  
format ion  of a d i s u b s t i t u t e d  de r iva t ive .  i n  excellent y i e l d .  Cha rac t e r i -  
z a t i o n  w a s  made through both chemical and s p e c t r a l  d a t a .  However, 
subsequent r e a c t i o n s  of the  d i s i l a z a n e  wi th  a p p r o p r i a t e  f l u o r i n a t e d  
Grignard r eagen t s  gave r i s e  t o  e i t h e r  i n t r a c t a b l e  o r  uns t ab le  compounds, 
o r  t o  no r e a c t i o n  a t  a l l  occu r r ing .  
abandoned i n  favor  of more promising r o u t e s  t o  the  d e s i r e d  in t e rmed ia t e s .  

Consequently,  t h i s  approach was 

Severa l  a d d i t i o n a l  approaches were i n v e s t i g a t e d  t o  inco rpora t e  
increased  f u e l  r e s i s t a n c e  i n t o  the  d i s i l a n o l  moiety.  A s e r i e s  of  
d i s i l a n o l s  has  been s t u d i e d  which had increased  aromat ic  con ten t .  

A r e p r e s e n t a t i v e  difunct ional 'monomer of t h i s  c l a s s  of compounds 
i s  the product  a r i s i n g  from the  r e a c t i o n  of 9 ,  10-dibromoanthracene 
wi th  a mixture  of magnesium and d ime thy ld ich lo ros i l ane  i n  THF s o l v e n t  
fol lowed by h y d r o l y s i s  : 

c1 OH 
I I 

CH3 - S i  -CH3 CH, -S i  - CH3 B r  I 

fz!H3)2Sis2 

I 
B r  

c1 OH 

1 2  



I n  t h i s  type  of r e a c t i o n ,  i t  was found t h a t  a t tempt ing  t o  preform 
t h e  di-Grignard r e a g e n t  f o r  subsequent r e a c t i o n  w i t h  t h e  d i c h l o r o s i l a n e  
was no t  f e a s i b l e .  I n  a number of r e a c t i o n s  i t  was impossible t o  e f f e c t  
r e a c t i o n  between t h e  magnesium and t h e  9,  10-dibromoanthracene i n  THJ?. 
However, when t h e  l a t t e r  compound w a s  added port ionwise (nea t )  t o  a 
mixture  of t h e  magnesium and d i c h l o r o s i l a n e  c o n t a i n i n g  a c r y s t a l  of 
i o d i n e ,  a s e l f - s u s t a i n i n g  exothermic r e a c t i o n  ensued which l a s t e d  
throughout t h e  a d d i t i o n  of t h e  a romat ic  compound. When a d d i t i o n  w a s  
complete,  a c lear  homogeneous s o l u t i o n  was obtained from which MgBrCl 
s e p a r a t e d  upon c o o l i n g  t o  room temperature .  The crude product  i s o l a t e d  
from t h e  s o l u t i o n  proved d i f f i c u l t  t o  p u r i f y  and was t h e r e f o r e  used 
as- is  i n  t h e  h y d r o l y s i s  s t e p .  A t  t h e  t i m e  of t h i s  w r i t i n g ,  t h e  r e c r y s t a l l i -  
z a t i o n  of  t h e  crude product  (brown s o l i d )  i s  being s t u d i e d ,  and t h e  
p u r i f i e d  product  w i l l  be c h a r a c t e r i z e d  through both chemical and s p e c t r a l  
a n a l y s e s  a 

I n  a r e l a t e d  effor t , !$  -naphthol  was used as t h e  s t a r t i n g  m a t e r i a l  
i n  a se r ies  of r e a c t i o n s  designed t o  g ive  a s i l a n e  d i o l  capable  of  
a c t i n g  as a monomer i n  polymer iza t ion  r e a c t i o n s :  

OH 

c1 

OH OH 

( CH3 ) S i C  l2 

9 H 3  
$ i - C l  
CH3 

8 OCH3 B r  



The r e a c t i o n s  were s u c c e s s f u l l y  c a r r i e d  ou t  up t o  the  po in t  
of t he  p r e p a r a t i o n  of t he  d i c h l o r o  d e r i v a t i v e .  From t h i s  r e a c t i o n  
was i s o l a t e d  an  o i l y  product  which could no t  be induced t o  c r y s t a l l i z e  
and which decomposed upon at tempted d i s t i l l a t i o n  a t  ve ry  low 
pressure .  This  approach has  not  been e n t i r e l y  abandoned and w i l l  
be re-examined sometime i n  the  near  f u t u r e .  

An a l t e r n a t e  approach t o  the  f l u o r i n a t e d  d i o l s  has been 
inco rpora t ion  of p e r f l u o r o a l k y l  segments. The b a s i s  f o r  t h i s  work 
was performed by McLoughlin e t  a l .  (Ref. 9) i n  which they prepared 
diarylhexafluoropropanes by a coupl ing  r e a c t i o n  of lY3-di iodohexa-  
f luoropropane and an  a romat ic  h a l i d e  i n  an  a p r o t i c  so lven t  i n  the  
presence of a c t i v a t e d  copper (Ref. 10) .  The ease  of  displacement  
of halogen from the  a romat ic  h a l i d ?  i s  I B r  C 1 ,  and t h i s  d i f f e r e n t i a l  
r e a c t i v i t y  has  been u t i l i z e d  t o  form the  precursor  of the  d e s i r e d  
f l u o r i n a t e d  d i s i l a n o l .  Thus, the  coupl ing  r e a c t i o n  between 
E-bromoiodobenzene and 1,3-diiodohexafluoropropane was c a r r i e d  
ou t  under c a r e f u l l y  c o n t r o l l e d  cond i t ions  t o  avoid coupl ing  the  
bromide and r e s u l t e d  i n  the  d e s i r e d  1 ,3-b is (~-bromophenyl ) -  
hexa f luoropropane 

The d iodide  f o r  t h i s  r e a c t i o n  was prepared by the method of Krespan 
(Ref. 11). Compound (XX) has been prepared i n  40-50% y i e l d .  Curren t  
e f f o r t s  have been d i r e c t e d  toward p repa ra t ion  of the  analogous 
d i s i l a n o l  dep ic t ed  below: 

CH3 

HO- i-0 (CF, )3 -0 i- OH 
I I 

CH3 CH3 

by (1) p r e p a r a t i o n  of t he  di-Grignard r eagen t  of compound (XX), (2) 
condensat ion wi th  ethoxychlorodimethylsilane, and (3) hydro lys i s  of 
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t h e  d ie thoxy condensat ion product  t o  the  d e s i r e d  d i s i l a n o l .  Prel iminary 
experiments have i n d i c a t e d  t h a t  compound (XIX) forms t h e  di-Grignard 
reagent  i n  a normal fash ion .  

A s  a n  e x t e n s i o n  of t h i s  coupl ing r e a c t i o n ,  f l u o r i n a t e d  a romat ic  
h a l i d e s  of t h e  type 

have been prepared i n  50-55% y i e l d  by r e a c t i o n  of per f luoropropyl  iod ide  
w i t h  2-iodobromobenzene. 
increased  as d e s i r e d ,  t h i s  o f f e r s  a convenient method f o r  i n c o r p o r a t i n g  
a d d i t i o n a l  f l u o r i n a t i o n  i n t o  t h e  polymer. The p r e p a r a t i v e  sequences 
d iscussed  e a r l i e r  f o r  t h e  3,5-di(trifluoromethyl)phenyl d e r i v a t i v e s  
should hold f o r  t h i s  i n t e r m e d i a t e  a l s o .  

Since t h e  p e r f l u o r o a l k y l  c h a i n  l e n g t h  can be 

S i 1 phe ny l e  ne s i loxa ne Po 1 yme r Forma t i o n  

The b a s i c  polymer iza t ion  r e a c t i o n  f o r  t h e  formation of t h i s  type 
polymer i s  d e p i c t e d  below: 

CH3 CH3 R CH3 R 

H O - d l - e S i - O H  I I + (CH3)2N-Si-N(CH3)2 I 1 * -( ~ ~ ~ ~ i - O - ~ i - ~  + 2 H - N ( C H S ) ~  
I 

CH3 CH3 R CH3 CH3 R 
X 

This  i s  a condensat ion polymer iza t ion  which genera tes  dimethylamine 
a s  a r e s u l t  of n u c l e o p h i l i c  displacement  a t  t h e  s i l i c o n  s i t e .  The 
polymer i l l u s t r a t e d  above i n  which t h e  R-groups a r e  methyl o r  phenyl 
can be prepared i n  r e l a t i v e l y  high weight  average molecular weights  up 
t o  500,000-600,000, es t imated  from v i s c o s i t y  v a l u e s .  The polymerizat ions 
are c a r r i e d  o u t  i n  to luene  a t  95-100°C. 
exothermic a t  50-60°C w i t h  a l a r g e  e v o l u t i o n  of dimethylamine. This  
rap id  v o l a t i z a t i o n  of t h e  amine t e n d s  t o  remove some of  t h e  bis(dimethy1- 
amino)si lane monomer l e a d i n g  t o  a n  imbalance i n  t h e  monomer s to ich iometry .  
Also ,  t h e  aminosi lane monomer i s  v e r y  moisture  s e n s i t i v e  and a n  i n i t i a l  
weighing of t h i s  r e a c t a n t  t o  t h e  c o r r e c t  s to ich iometry  would i n v a r i a b l y  
r e s u l t  i n  some h y d r o l y s i s .  Thus, a s y r i n g e  a d d i t i o n  method has  been 
u t i l i z e d  i n  which t h e  requi red  amount of d i s i l a n o l  and 93-95% 
of t h e  requi red  amount o f  bis(dimethy1amino)silane are combined i n i t i a l l y .  

The r e a c t i o n  becomes n o t i c e a b l y  
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Then the  remaining q u a n t i t y  of  t he  aminosi lane p lus  a 5 percent  excess  
a r e  added t o  a sy r inge  f o r  subsequent a d d i t i o n  a f t e r  t he  i n i t i a l  
exotherm subs ides .  The incrementa l  a d d i t i o n  of t he  remaining monomer 
can be a d j u s t e d  t o  c o n t r o l  the  molecular  weight  of the  growing polymer- 
chain.  
t o  75,000-100,000 t o  f a c i l i t a t e  cu r ing  o r  c r o s s l i n k i n g .  This  r e p r e s e n t s  
t he  b e s t  compromise between mechanical p r o p e r t i e s  and cu re  c h a r a c t e r i s t i c s .  
The i n c r e a s i n g  % can be es t imated  convenient ly  by measuring i n h e r e n t  
v i s c o s i t y  of t he  polymer fo l lowing  t h e  incrementa l  a d d i t i o n s  of amino- 
s i l a n e .  The d e s i r e d  & range corresponds t o  a n  i n h e r e n t  v i s c o s i t y  of  
0.4-0.5, measured i n  t e t r ahydro fu ran  a t  3OoC. 
by t h i s  method a r e  normally r e f luxed  i n  to luene  i n  the  presence o f  wa te r  
t o  conver t  any r e s i d u a l  dimethylaminosi lane t o  s i l a n o l .  This  procedure 
removes t h e  h y d r o l y t i c a l l y  uns t ab le  groups from t h e  polymer and provides  
an  e f f e c t i v e  s i l a n o l  end group concen t r a t ion  f o r  c r o s s l i n k i n g  purposes.  

It i s  d e s i r a b l e  t o  l i m i t  the  weight average molecular  weight  (%) 

The polymers produced 

The f l u o r i n a t e d  aminosi lane in t e rmed ia t e s  d iscussed  e a r l i e r  a r e  
gene ra l ly  adap tab le  t o  t h i s  procedure.  The p u r i t y  of  t h e s e  in t e rmed ia t e s  
had t o  be a t  l eas t  99% t o  a t t a i n  high molecular  weight  polymers. 
of va ry ing  molecular  weights  were obta ined  from the  f l u o r i n a t e d  in t e rmed ia t e s  
as summarized i n  Table 11: 

Polymers 

TABLE 11. Fluor ina t ed  S i lphenylenes i loxane  Polymers 

Polymer D i s  i lano 1 Aminos i lane  Inhe ren t  V i s  cos i t y  Aminos i lane  P u r i t y  
(ninh)  * %' 

X I 1  I 0.873 99 

X I 1  I1 0.246 98.5 

X I 1  V I 1 1  0.029 -- 
X I 1  Ix 0.09 95 

X I 1  X I V  0.11 - 
* Measured i n  t e t r ahydro fu ran  a t  30°C, 1.0 g r a m / d e c i l i t e r .  

The dependence of t he  molecular  weight  of t h e s e  polymers on monomer 
p u r i t y  is evidenced by t h e  above t a b l e .  I n  the  case  of polymers 3, 4 ,  
and 5 ,  t h e  molecular  weight  problem i s , f u r t h e r  aggravated by the  
p r e p a r a t i v e  method common t o  t h e s e  r e s p e c t i v e  monomers, which ve ry  l i k e l y  
r e s u l t s  i n  formation of monofunctional aminosi lane as one of t he  i m p u r i t i e s .  
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This constituent would act very effectively as a chain terminating 
agent to limit the molecular weight. 

In an effort to assess the inductive effect of the fluorine 
substituents on the aminosilane-silanol polymerization, a comparative 
study was carried out utilizing phenylmethyl-bis(dimethy1amino)silane 
and 3,5-di(trifluoromethyl)phenylmethyl-bis (dimethy1amino)silane in 
which the dimethylamine condensation product was monitored as a function 
of polymerization time. For this purpose, a constant purge of dry 
nitrogen was swept through the polymerization vessel. The diol, 
1,4-bis(dimethylhydroxysilyl)benzene (XII), was allowed to dissolve 
in 100 ml. of dry toluene at 95 2 l 0 C  and the appropriate bis(aminosi1ane) 
was added. The polymerization flask was fitted with tubing terminating 
in a gas dispersion tube which extended to the bottom of a flask 
containing 500 ml. of an H2S04 solution of known normality. 
was stirred constantly and maintained at 0-2OC.  
progressed, 5 ml. aliquots were removed and titrated to a methyl red 
endpoint with standard base. The change in normality of the acid 
solution with time was proportional to the moles of dimethylamine 
absorbed. The rates of polymerization involving the nonfluorinated 
and fluorinated aminosilanes are depicted on the graph below. 

The solution 
As the polymerization 
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FIGURE 1. Polymerization Rates of Aminosilanes 
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The i n i t i a l  r e s u l t s  of  t h i s  s tudy  i n d i c a t e  a more e f f i c i e n t  polymeri-  
z a t i o n  involv ing  the  f l u o r i n a t e d  aminosi lane.  This  seems l o g i c a l  s i n c e  
the induc t ive  e f f e c t  of t he  f l u o r i n e  atoms r e s u l t s  i n  a more e f f e c t i v e  
p o s i t i v e  charge on the  s i l i c o n  atom of the  aminosi lane which i s  the  
s i t e  of t he  n u c l e o p h i l i c  displacement .  However, t h i s  c o n t r a d i c t s  t h e  
previous no t ion  t h a t  the  formation of lower molecular  weight  polymers 
from the  f l u o r i n a t e d  monomers r e s u l t e d  i n  p a r t  from the d e a c t i v a t i n g  
in f luence  of  t he  f l u o r i n e  atoms. Thus, t he  problem of  a t t a i n i n g  low 
molecular  weights  seems t o  be predominantly monomer impuri ty .  

Polymer Curing and Processing 

The b a s i c  cu r ing  o r  c r o s s l i n k i n g  method f o r  t he  s i l pheny lenes i loxane  
polymer u t i l i z e s  a n  a lkoyxs i l ane  c r o s s l i n k i n g  agent  and a me ta l  s a l t  
c a t a l y s t .  Normally, t e t r a e t h o x y s i l a n e  o r  i t s  p a r t i a l l y  hydrolyzed 
coun te rpa r t s  t oge the r  w i t h  d i b u t y l t i n d i a c e t a t e  w i l l  e f f e c t  a room 
tempekature conversion of  the  l i n e a r  polymer t o  a thermoset product ,  
a l though the  c r o s s l i n k i n g  process  appears  t o  depend on the a v a i l a b i l i t y  
of the s i l a n o l  endgroups on the  polymer. The r a t e  of  cure  i s  q u i t e  
dependent 'on polymer molecular  weight  which c o n t r o l s  the  s i l a n o l  group 
concen t r a t ion .  One polymer i n  which the  r'esidual s i l a n o l  groups were 
removed by t rea tment  w i th  N,N-bis (trimethylsily1)acetamide f a i l e d  t o  
g ive  any evidence of cure  under s t anda rd  cu r ing  cond i t ions .  It seems 
a t  f i r s t  t h a t  t he  s i l a n o l  group p a r t i c i p a t e s  i n  a s t r a i g h t  forward 
condensat ion r e a c t i o n  w i t h  the  a lkoxys i l ane  group of  the cu r ing  agent  
t o  provide the  c r o s s l i n k  si tes.  However, t he  me thy l - subs t i t u t ed  polymers 
represented  by the  d e s i r a b l e  i n h e r e n t  v i s c o s i t y  range of 0.4-0.6 have 
reasonably high molecular  weights  a s  shown on the f i g u r e  below. 

0.6 
0.5 
0.4 

0.3 

0.2 

0 

-3 
Q X l O  

FIGURE 2. Optimum Molecular Weight Range f o r  Cure Processes  
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Thus the  s i l a n o l  group c o n c e n t r a t i o n  i n  t h i s  range would be q u i t e  low, 
y e t  t h e  c r o s s l i n k i n g  process  proceeds r e a d i l y .  Since the  e thoxys i l ane  
c r o s s l i n k i n g  agen t  must be used i n  q u a n t i t i e s  of  10% by weight of  t h e  
polymer f o r  e f f e c t i v e  cu r ing ,  t he  e f f e c t  of t h e  s i l a n o l  end group must 
be c a t a l y t i c  t o  some e x t e n t .  A more p l a u s i b l e  s p e c u l a t i o n  f o r  t h e  
c r o s s l i n k i n g  process  i s  gene ra t ion  of a n u c l e o p h i l i c  s p e c i e s  by t h e  
meta l  s a l t  c a t a l y s t  which can i n i t i a t e  cleavage of t h e  s i l o x a n e  cha ins  
and r e s u l t  i n  c r o s s l i n k i n g  a t  t h e s e  s i t e s .  

A d e t a i l e d  s tudy  has been made of t he  c u r i n g  c h a r a c t e r i s t i c s  of  
t he  methyl and phenyl s u b s t i t u t e d  s i lpheny lenes i loxane  polymers by 
t h i s  method. The optimum concen t r a t ions  of t e t r a e t h o x y s i l a n e  hydro lyza te  
(ES-40) and d i b u t l y t i n d i a c e t a t e  (DBTDA) were found t o  be 10/2 and 20/10 
f o r  t h e  methyl and phenyl s u b s t i t u t e d  polymers, r e s p e c t i v e l y .  These 
va lues  r e p r e s e n t  weight pe rcen t  based on t h e  weight of polymer. The 
f l u o r i n a t e d  polymers were g e n e r a l l y  cured us ing  t h e  optimum c u r i n g  
r a t i o s  determined f o r  t h e i r  nonf luo r ina t ed  coun te rpa r t s .  The e f f i c i e n c y  
of t h e  c r o s s l i n k i n g  process  i s  dependent both on the  f u n c t i o n a l i t y  of  
t he  a lkoxide  and t h e  type of me ta l  s a l t .  Pheny l t r i e thoxys i l ane  and 
1 ,4 -b i s  (methyldiethoxysi1yl)benzene (Ref a 12)  e f f e c t e d  complete cu res  
of t h e  polymers but  more s l u g g i s h l y  than  the  more h igh ly  f u n c t i o n a l  
ES-40. The r a t e  of  cure could be g r e a t l y  increased  by s u b s t i t u t i n g  
l ead  o c t o a t e  f o r  DBTDA. 

The r a t e  of cu re  of t h e s e  polymers v a r i e d  wide ly  w i t h  t h e  s u b s t f t u e n t  
groups a long  t h e  polymer backbone. The me thy l - subs t i t u t ed  polymer g e l l e d  
qu ick ly ,  whereas pendant f l u o r i n a t i o n  a s  w e l l  as phenyl s u b s t i t u e n t s  
i nc reased  the  g e l 1  time. An a b s o l u t e  assignment of cure  r e a c t i v i t y  of 
t h e  v a r i o u s  polymers cannot be made a t  t h i s  p o i n t ,  a s  t h e  polymers va ry  
i n  molecular  weight and the  cure  process  i s  q u i t e  dependent on t h i s  
parameter.  

Elastomers were prepared from a s e r i e s  of s i l pheny lenes i loxane  
polymers by c a s t i n g  them as to luene  s o l u t i o n s  con ta in ing  the  a p p r o p r i a t e  
concen t r a t ions  of  c u r a t i v e .  The s o l u t i o n s  were allowed t o  a i r  d r y  a t  
room temperature f o r  a t  l e a s t  t h r e e  days t o  o b t a i n  t ack - f r ee  e l a s tomers .  
The e l a s tomers  prepared  t o  d a t e  a r e  summarized i n  Table 111. 

The poor mechanical p r o p e r t i e s  of t h e  f l u o r i n a t e d  e las tomers  
obta ined  t o  d a t e  a r e  l a r g e l y  a t t r i b u t a b l e  t o  low molecular weight  of 
t h e  l i n e a r  polymers. The p u r i t y  of polymer p recu r so r s  i s  a l i m i t i n g  
f a c t o r ,  and e f f o r t s  a r e  c u r r e n t l y  underway t o  overcome p u r i f i c a t i o n  
problems. 

The p rocess ing  c h a r a c t e r i s t i c s  of t he  me thy l - subs t i t u t ed  s i l p h e n y l -  
enes i loxane  polymer a r e  such t h a t  i t  lends  i t s e l f  t o  a p p l i c a t i o n  t o  
me ta l  s u b s t r a t e s  as a s o l v e n t - f r e e  ca t a lyzed  m i x .  However, t h e  polymers 
wi th  f l u o r i n a t e d  phenyl groups a r e  necessa ry  f o r  increased  thermal  
s t a b i l i t y  and f u e l  r e s i s t a n c e .  I n t r o d u c t i o n  of  t hese  a romat ic  groups 
a long  t h e  polymer cha in  r e s u l t s  i n  a non-flowing l i n e a r  polymer which 
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-CH3 

TABLE 111. Cured Si lphenylenes i loxane  Elastomers  

\ CH3 

R '  

-CH3 

-CH2 CHZ CF3 

-aCF3 

' x  
CH3 R '  

-- ES-40* DBTA* Elastomer Appearance 

10 2 F l e x i b l e ,  tough e las tomer  

20 10 S t i f f e l a  s tome r 

10 2 F l e x i b l e  e las tomer  

10 

15 

20 

2 Weak e las tomer  

5 Weak e las tomer  

10 Weak e las tomer  

10 2.5 Cheesy e las tomer  

* Weight percent  based on weight of polymer. 
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cannot  be r e a d i l y  app l i ed  a s  a so lven t - f r ee  system. This polymer can 
be mixed w i t h  the  a1ko;cysilane c u r a t i v e  whi le  a s  a s o l u t i o n  i n  to luene ,  
a f t e r  which the  to luene  i s  removed. The c u r a t i v e  has  the  e f f e c t  of 
a d i l u e n t ,  reducing the  v i s c o s i t y  of t he  polymer t o  a workable,  
a p p l i c a b l e  cons i s t ency .  Cross l ink ing  does not  occur u n t i l  t he  meta l  
s a l t  c a t a l y s t  i s  added. The mechanical s t r e n g t h  of t he  s i lphenylene-  
s i l oxane  polymer i s  r e a d i l y  increased  by inco rpora t ion  of r e i n f o r c i n g  
f i l l e r s  such as Cab-0-Sil. 

Sea lan t  Evalua t ion  S tud ie s  

While the  polymers prepared t o  d a t e  do n o t  r e f l e c t  optimum mechanical 
p r o p e r t i e s ,  a pre l iminary  e v a l u a t i o n  has  been c a r r i e d  ou t  t o  se rve  as 
a b a s i s  f o r  f u r t h e r  development. The mechanical p r o p e r t i e s  of  v a r i o u s  
s i l pheny lenes i loxane  polymers have been determined by p r e s s i n g  s h e e t s  
of t h e  f i l l e d  formula t ions  between meta l  p l a t e s  separa ted  by 1/16-inch 
shims. Mic ro tens i l e  specimens were then  c u t  from the cured e las tomers .  
Cab-0-Sil, 30% by weight ,  was used a s  the  r e i n f o r c i n g  f i l l e r .  Elastqmers  
(1) , ( 3 ) ,  and ( 4 )  from Table I11 were prepared i n  t h i s  manner. Elastomer 
( 3 )  was u n f i l l e d  as i t s  v i s c o s i t y  increased  p r o h i b i t i v e l y  a t  the requi red  
f i l l e r  l e v e l s .  The remaining e las tomers  have not  been prepared i n  
s u f f i c i e n t  q u a n t i t y ,  t o  d a t e  t o  a l low t h i s  eva lua t ion .  Table I V  d e s c r i b e s  
the  t e n s i l e  p r o p e r t i e s  of p o t e n t i a l  s e a l a n t  polymers measured a t  room 
temperature .  

TABLE IV. Tens i l e  P r o p e r t i e s  of  S e a l a n t  M a t e r i a l s  

U1 t ima t e 
Expe r ime n t a 1 Po 1 yme r s Elongat ion  (%) Tens i l e  (ps  i) 

(I) R = -CH3, R '  = -CH3 480 9150 

( 2 )  R = - (p '=O 
( 3 )  R = CH3, R '  = -CH,C%CF, CF3 

/ 
( 4 )  R = -CH3, R '  = (-CHz)z-OCF, 

CF3 

530 4550 

230 2025 

842 

Come r c i a  1 Polymers 

(1) Viton C-10 f luorocarbon 65 0 1240 

( 2 )  77-028 F l u o r o s i l i c o n e  170 558 
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The commercial f luorocarbon and f l u o r o s i l i c o n e  formula t ions  i n  
Table I V  r e p r e s e n t  t he  most promising s ta te-  of - the-ar t  s e a l a n t s  being 
s tud ied  by Monsanto Research Corpora t ion ,  who performed the  t e n s i l e  
measurements on the  two materials (Ref. 1 3 ) .  

A s t u d y  was c a r r i e d  ou t  t o  a s s e s s  the  e f f e c t  of  v a r i o u s  f l u o r i n a t e d  
pendant groups on the  swe l l ing  c h a r a c t e r i s t i c s  of t h e  cured s i lphenylene-  
s i l oxane  s e a l a n t  m a t e r i a l s .  U n f i l l e d  f i lms  of each e las tomer  were 
prepared and specimens of  1 square inch  i n  a r e a  were soaked i n  JP-4 
hydrocarbon f u e l  ( con ta in ing  10-12% aromat ic  m o i e t i e s )  a t  room temperature  
f o r  24 hours .  The p e r c e n t  change i n  a r e a  was determined a s  a n  index 
of the  s w e l l i n g  c h a r a c t e r i s t i c s .  

TABLE V. S e a l a n t  Swell ing T e s t s  i n  Hydrocarbon Fuel  

Polymer R R' Area Change, % 

1 -m3 

2 -C% 

3 -0 
4 -0 

-CHS 
7 3  

- (CH& -OCF ' CF3 

X 

164 

66 

42 

13 

The f l u o r i n a t e d  aromatic '  mo ie t i e s  c o n t r i b u t e  s i g n i f i c a n t l y  toward 
s t a b i l i z a t i o n  of  t he  s e a l a n t  a g a i n s t  swel l ing .  This  e v a l u a t i o n  suppor t s  
t he  s t u d i e s  d iscussed  i n  the  s e c t i o n  on in t e rmed ia t e s ,  which were 
d i r e c t e d  toward f l u o r o a r y l  s u b s t i t u e n t s  i n  the  R and R' p o s i t i o n s  on 
t h e  polymer. 
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EXPERIMENTAL 

The s t a r t i n g  s i l i c o n -  and f luo r ine -con ta in ing  compounds were obta ined  
from Pen insu la r  ChemResearch, G a i n e s v i l l e ,  F l o r i d a ,  o r  P i e rce  Chemical 
Company, Rockford, I l l i n o i s ,  and were used wi thou t  f u r t h e r  p u r i f i c a t i o n .  
The i n f r a r e d  s p e c t r a  were obta ined  from smears o r  s o l u t i o n s  i n  CCl4 
and recorded i n  the 25-15.0,U reg ion  w i t h  a Perkin-Elmer model 137 
double beam spectrophotomer equipped w i t h  sodium ch lo r ide  o p t i c s .  
P u r i t y  of t he  in t e rmed ia t e s  w a s  determined by gas - l iqu id  phase chromoto- 
graphy. 
H i t a c h i  Perkin-Elmer model 115 molecular  weight appara tus .  Mass s p e c t r a  
were obta ined  from a CEC model 21-104 mass spec t rometer .  

Molecular weights  were determined a t  55°C i n  to luene  wi th  a 

P r e p a r a t i o n  of (3,3,3-Trifluoropropyl)methyl-bis(N,N-dimethylamino)silane (I) 

(3,3,3-Trifluoropropyl)methyldichlorosilane (100 g., 0.47 mole) 
was added dropwise w i t h  s t i r r i n g  t o  a s o l u t i o n  of dimethylamine (200 g. ,  
4.4 moles) i n  500 m l .  of e t h e r  a t  -5 t o  O°C. The r e a c t i o n  mixture  was 
allowed t o  s t i r  overn ight  a t  room temperature .  Separated s o l i d  was 
removed by f i l t r a t i o n  and the  f i l t r a t e  concent ra ted  i n  vacuo on a r o t a r y  
vacuum evapora tor .  The weight  of the  s a l t  corresponded t o  a q u a n t i t a t i v e  
y i e l d  of  dimethylamine hydrochlor ide .  The r e s idue  from the evapora t ion  
of t he  f i l t r a t e  w a s  d i s t i l l e d  through a 15-inch vacuum-jacketed Vigreux 
column and the  f r a c t i o n  c o l l e c t e d  wi th  a b o i l i n g  range of  163-165°C. 
Yield:  87.3 g , ,  81%. Vapor phase chromotography ind ica t ed  99.5% p u r i t y .  

C y  41.19; H, 8.89; N, 12.36. 
Anal. Calcd. f o r  C8H1gF3%Si: C y  42.08; H, 8.39; N, 12.27. Found: 

P r e p a r a t i o n  of 3-(Heptafluoroisopropoxy)-propylmethyl-bis(N,N-dimethylamino)- 
s i l a n e  (11) 

3-(Heptafluoroisopropoxy)propylmethyldichlorosilane (102 g., 0.03 
mole) was added dropwise wi th  s t i r r i n g  t o  a cold (0-5°C) s o l u t i o n  of 
dimethylamine (100 g.) i n  300 m l .  of anhydrous e t h e r .  When a d d i t i o n  was 
complete,  t he  i c e - s a l t  ba th  was removed and the  system allowed t o  warm 
t o  room temperature .  A f t e r  s t i r r i n g  f o r  24 hours ,  t he  sepa ra t ed  amine 
s a l t  w a s  removed by f i l t r a t i o n  and the  f i l t r a t e  concent ra ted  i n  vacuo. 
D i s t i l l a t i o n  of  t he  r e s idue  through a s h o r t  column af forded  a main 
f r a c t i o n  w i t h  b o i l i n g  p o i n t  of 103-105°C/30 m Hg which w a s  c o l l e c t e d  
and weighed. Yield:  81.7 g. ,  75%. Anal. Calcd. f o r  C11H21F7N20Si: 
N, 7.82%. Found: 7 .5X- 

React ion of 3,5-di(trifluoromethyl)phenylmagnesiumbromide with  E thy l  S i l i c a t e  

To a s o l u t i o n  of ethylmagnesium bromide prepared from e t h y l  bromide 
(57.0 g. -0 .52 mole),  Mg (13.30 g.-  0.55 g.- atom) and THF (500 m l . ) ,  

23 



was added 3,5-di(trifluoromethyl)bromobenzene (146.5 g, ,  0.5 mole) 
dropwise w i t h  s t i r r i n g .  A f t e r  two hours ,  t h e  exchanged Grignard reagent  
was added dropwise w i t h  s t i r r i n g  t o  a cold (O'C) s o l u t i o n  of  e t h y l  
s i l i c a t e  (52.1 g., 0.25 mole) i n  250 m l .  of THF. When a d d i t i o n  w a s  
complete, t h e  c o o l i n g  b a t h  was removed and t h e  mixture  allowed t o  s t i r  
a t  room temperature  f o r  3 days.  A t  t h e  end of  t h i s  t i m e ,  t h e  r e a c t i o n  
mixture  c o n s i s t i n g  of s o l i d  and l i q u i d  w a s  evaporated t o  dryness  i n  vacuo 
and t h e  r e s i d u e  e x h a u s t i v e l y  e x t r a c t e d  w i t h  cyclohexane i n  a Soxhlet  
appara tus .  The extracts were concent ra ted  i n  vacuo; t h e  crude o i l y  
product  which s o l i d i f i e d  upon s t a n d i n g  a t  room temperature ,  was 
r e c r y s t a l l i z e d  from 30-60' petroleum e t h e r ,  m e l t i n g  p o i n t  58-60°C. 
Mass s p e c t r a l  d a t a  i n d i c a t e d  t h a t  t h e  product  was n o t  t h e  expected 
d i s u b s t i t u t e d  d e r i v a t i v e ,  bu t  tris(3,5-di(trifluoromethyl)phenyl)- 
e thoxys i lane .  Anal. Calcd. f o r  C26H14F180Si: M.W., 713. Found: 
M.W., 700. 

P r e p a r a t i o n  of B i s  (pentafluoropheny1)diethoxysilane (111) 

Compound (111) was prepared by t h e  method of Whittingham (Ref. 2). 
F r a c t i o n a l  d i s t i l l a t i o n  r e s u l t e d  i n  a 35% y i e l d ,  b.p. = 125-128'C/1 t o r r ,  
l i t e r a t u r e  b o i l i n g  p o i n t  = 132"C/3 t o r r .  

P r e p a r a t i o n  o f  (Bis(pentafluoropheny1)dichlorosilane ( I V )  

Compound ( I V )  was prepared by t h e  method of  Whittingham (Ref. 2) 
by t r e a t m e n t  of compound (111) w i t h  a fou r  molar excess of  a c e t y l  
c h l o r i d e  a t  room temperature .  F r a c t i o n a l  d i s t i l l a t i o n  r e s u l t e d  i n  a 
40% y i e l d ,  b.p. = 87-90°C/0.08 t o r r ,  l i t e r a t u r e  b o i l i n g  p o i n t  180-185"C/ 
16  t o r r .  

P r e p a r a t i o n  o f  Bis(pentafluoropheny1)-bis(N,N-dimethylamino)- 
s i l a n e  (V) 

Compound ( I V ) ,  10 grams, was added dropwise t o  a s t i r r e d  s o l u t i o n  
o f  excess dinethylamine i n  e t h e r  which w a s  maintained a t  0°C.  
mixture  was r e f l u x e d  f o r  one hour fo l lowing  t h e  a d d i t i o n  and f i l t e r e d  t o  
remove t h e  amine hydrochlor ide.  Compound (V) w a s  recovered by f r a c t i o n a l  
d i s t i l l a t i o n  as a c o l o r l e s s  o i l  i n  22% y i e l d ,  b.p. = 108-11O0C/O.05 t o r r .  
Anal.  Calcd. f o r  C16H12F10SiN2: 
Found: C y  45.2%; H, 2.74%; S i ,  6.39%. 

The 

C, 42.66%; H, 2.69%; S i ,  6.24%. 
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P r e p a r a t i o n  of 3,5-di(trifluoromethyl)phenyldiethoxyphenylsilane ( V I )  

To a s o l u t i o n  of ethylmagnesium bromide prepared from e t h y l  bromide 
(57.0 g. ,  0.52 mole),  Mg (13.3 g., 0.55 g.-atom), t h e  THF (500 m l . )  
was added dropwise w i t h  s t i r r i n g  a s o l u t i o n  of 3,5-di(trifluoromethyl)- 
bromobenzene (146.5 g. ,  0.5 mole) i n  150 m l .  of THF. A f t e r  s t i r r i n g  
a t  room temperature ,  t h e  Grignard reagent  was added i n  one p o r t i o n  t o  
a s o l u t i o n  of pheny l t r i e thoxys i l ane  i n  250 m l .  of THF. The r e a c t i o n  
s o l u t i o n  was hea ted  a t  r e f l u x  overn ight  w i th  s t i r r i n g .  So l id  commenced 
t o  s e p a r a t e  a f t e r  s e v e r a l  hours  of hea t ing .  The two-phase system was 
concent ra ted  i n  vacuo and the  r e s idue  exhaus t ive ly  e x t r a c t e d  wi th  
cyclohexane i n  a Soxhle t  appara tus .  The e x t r a c t s  were f r a c t i o n a l l y  
d i s t i l l e d  a t  5 mm Hg t o  g ive  a f r a c t i o n  w i t h  b o i l i n g  po in t  of 93-114°C 
and a second f r a c t i o n  wi th  b o i l i n g  po in t  of 114-121°C. 
was r e d i s t i l l e d  and the  114-121°C d i s t i l l a t e  added t o  the second 
f r a c t i o n .  F r a c t i o n  two was then  d i s t i l l e d  through a 15-inch vacuum 
jacke ted  Vigreux column and t h e  f r a c t i o n  c o l l e c t e d  w i t h  b.p. of 
118-12loC/5 mm Hg. Yield:  88 g. ,  (43%). The i n f r a r e d  spectrum was 
c o n s i s t e n t  w i th  the  proposed s t r u c t u r e .  
C y  52.94; H,  4.44%. Found: C y  52.19; H, 4.34%. 

The f i r s t  f r a c t i o n  

Anal. Calcd. f o r  C17H18F602Si: 

P repa ra t ion  o f  3 ,5 -d i (  t r i f  luorome thy1)phenyldie  thoxyme t h y l s i l a n e  
( V I I )  

To a s o l u t i o n  of ethylmagnesium bromide prepared from e t h y l  bromide 
(11.4 g. ,  0.104 mole),  Mg (2.7 g. ,  0.11 g. atom), and THF (100 m l . )  
was added dropwise wi th  s t i r r i n g  a s o l u t i o n  of 3,5-di(trifluoromethyl)- 
bromobenzene (29.3 g., 0.1 mole) i n  200 m l .  of THF. A f t e r  s t i r r i n g  a t  
room temperature  f o r  fou r  hours ,  t h e  exchanged Grignard reagent  w a s  
added dropwise wi th  s t i r r i n g  t o  a r e f l u x i n g  s o l u t i o n  of  methyl t r ie thoxy-  
s i l a n e  (53.5 g., 0.3 mole) i n  200 m l .  of THF. Sol id  s t a r t e d  s e p a r a t i n g  
a f t e r  about  one- th i rd  of t he  Grignard reagent  had been added. The 
r e s u l t i n g  mixture  w a s  heated a t  r e f l u x  w i t h  s t i r r i n g  f o r  12 hours  a f t e r  
a d d i t i o n  was complete. The system w a s  f r eed  of  so lven t  on a r o t a r y  
vacuum evapora tor  and the r e s i d u e  exhaus t ive ly  e x t r a c t e d  w i t h  cyclohexane 
i n  a Soxhlet  appa ra tus .  The e x t r a c t s  were concent ra ted  i n  vacuo and 
the  r e s idue  d i s t i l l e d  i n  vacuo through a 15-inch vacuum-jacketed 
Vi'greux column and the  f r a c t i o n  c o l l e c t e d  w i t h  b.p. 112-116"C/37 mm Hg. 
Yie ld :  16.3 g.  (47%). The i n f r a r e d  spectrum was c o n s i s t e n t  w i th  t h e  
proposed s t r u c t u r e  showing a s t r o n g  abso rp t ion  band a t  1370 cm-1 
c h a r a c t e r i s t i c  of Si-@. Anal. Calcd. f o r  C13H16F602Si: C y  45.1; 
H, 4.6%. Found: C y  44.6; H,  4.5%. 
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P r e p a r a t i o n  of 3,5-di(trifluoromethyl)phenyldichlorophenylsilane ( V I I I )  

A s o l u t i o n  of (3,5-di(trifluoromethyl)phenyl)diethoxysilane 
(85 g., 0.21 mole) i n  200 ml. of a c e t y l c h l o r i d e  w a s  s t i r r e d  a t  room 
temperature  f o r  48 hours  under p r o t e c t i o n  of a calcium c h l o r i d e  packed 
dry ing  tube .  A t  t he  end of t h i s  t i m e ,  excess  a c e t y l  c h l o r i d e  and by- 
product  e t h y l  a c e t a t e  were removed by d i s t i l l a t i o n  a t  a tmospheric  
p re s su re ,  t h e  two compounds c o - d i s t i l l i n g  between 50 and 78OC. The 
r e s idue  was d i s t i l l e d  through a 15-inch Vigreux column and t h e  f r a c t i o n  
c o l l e c t e d  w i t h  b.p. 112-116OC/5 t o r r .  Yield:  64.0 g. ,  (78%). The 

Vapor phase chromotography i n d i c a t e d  a p u r i t y  of 98%. 
r e a c t i v i t y  of t he  d i c h l o r o s i l a n e  prevented the  a t t a inmen t  of s a t i s f a c t o r y  
e lementa l  a n a l y s i s  e 

i n f r a r e d  spectrum showed only  a t r a c e  of  Si-0 abso rp t ion  a t  970 cm' 1 . 
The extreme 

P r e p a r a t i o n  of Methyl -3 ,5-d i ( t r i f luorome~hyl )phenyld ich loros i lane  ( IX)  

Methyl-3,5-di(trifluoromethyl)phenyldiethoxysilane (16.3 g., 0.04 
mole) was d i s so lved  i n  40 m l .  of a c e t y l c h l o r i d e  and the  r e s u l t i n g  s o l u t i o n  
allowed t o  s t i r  a t  room temperature  f o r  48 hours  under p r o t e c t i o n  of a 
calcium c h l o r i d e  packed dry ing  tube.  A t  t h e  end of  t h i s  t i m e ,  t h e  
s o l u t i o n  was d i s t i l l e d  a t  a tmospheric  p re s su re  thorugh a s h o r t  f r a c t i o n a t i n g  
column. Excess a c e t y l c h l o r i d e  and e t h y l  a c e t a t e  c o - d i s t i l l e d  between 
5 1  and 77OC, and t h i s  f r a c t i o n  w a s  c o l l e c t e d  and d i sca rded .  The pot  
r e s i d u e  was d i s t i l l e d  i n  vacuo through a 15-inch vacuum-jacketed 
Vigreux column and the  f r a c t i o n  c o l l e c t e d  w i t h  b.p. of 100-106°C/33 t o r r .  
Yield:  9.8 g., (64%). The i n f r a r e d  spectrum was c o n s i s t e n t  w i t h  the  
proposed s t r u c t u r e  and showed the  absence of Si-0°C abso rp t ion  a t  970 c m - l .  
Vapor phase chromotography i n d i c a t e d  a p u r i t y  of 98+%. An a l c o h o l i c  s i l v e r  
n i t r a t e  t e s t  was s t r o n g l y  p o s i t i v e .  Because of t h e  extreme r e a c t i v i t y  
of t h i s  d e r i v a t i v e ,  s a t i s f a c t o r y  e lementa l  a n a l y s i s  could not  be obta ined .  

P r e p a r a t i o n  of Phenyl-3,5-di(trifluorornethyl)phenyl-bis(NyN -dimethylamino) 
s i l a n e  (X) 

A s o l u t i o n  of phenyl-3,5-di(trifluoromethyl)phenyldichlorosilane 
(63 g., 0.16 mole) i n  75 m l .  of anhydrous e t h e r  was added dropwise 
wi th  s t i r r i n g  t o  a s o l u t i o n  of cold (0-5OC) dimethylamine (100 g.) 
i n  500 m l .  of anhydrous e t h e r .  When a d d i t i o n  was complete, t h e  coo l ing  
ba th  was removed and the  s o l u t i o n  allowed t o  s t i r  a t  room temperature  over  
t he  weekend. A t  t h e  end of t h i s  t i m e ,  amine s a l t  (20 g. ,  77%) was 
removed by f i . l t r a t i o n  and the  f i l t r a t e  evaporated t o  dryness .  The crude 
product  was d i s t i l l e d  and the  f r a c t i o n  c o l l e c t e d  wi th  b.p. of 119.5-12OoC/ 
5 t o r r .  Yie ld :  31.6 g. ,  (49%). The i n f r a r e d  spectrum showed a s t r o n g  
abso rp t ion  band a t  1000 c m - l  c h a r a c t e r i s t i c  of t he  Si- group. Anal. 
Calcd. f o r  C18H20N2SiF6: C y  53.19; H, 4.96%. Found: c, 52.44; H,  4.67%. 
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P r e p a r a t i o n  of (3,5-di(trifluoromethyl)phenyl)methyl-bis(NyN-dimethyl- 
amino) s i l a n e  ( X I )  

3 , 5 -d i ( t r i f luorome thy  1) phe ny Id i c h  lorome t h y 1  s i lane (20 g . , 0.0 6 mole) 
was added dropwise w i t h  s t i r r i n g  t o  a cold (0-5°C) s o l u t i o n  o f  dimethyl- 
amine (100 g )  i n  150 m l .  of THF. The temperature  was maintained i n  
t h i s  r e g i o n  u n t i l  a d d i t i o n  was complete a t  which t i m e  t h e  e x t e r n a l  ice 
w a t e r - s a l t  bath was removed and t h e  temperature  allowed t o  r i s e  t o  
ambient. S e p a r a t i o n  of  amine s a l t  was ins tan taneous  upon a d d i t i o n  of 
t h e  d i c h l o r o s i l a n e .  A f t e r  s t i r r i n g  a t  room temperature  f o r  24 hours ,  
t h e  s e p a r a t e d  s o l i d  was removed by f i l t r a t i o n ,  d r i e d ,  and weighed. 
Yield:  8 .2  g . ,  (90%). The f i l t r a t e  was evaporated t o  dryness ,  t h e  
r e s i d u e  d i s t i l l e d  i n  vacuo, and t h e  f r a c t i o n  w i t h  b.p. of 117-122"C/ 
31 t o r r  was c o l l e c t e d .  Yie ld :  10.6 g. ,  (52%). Considerable  loss  
of product  occurred due t o  decomposition dur ing  t h e  d i s t i l l a t i o n .  The 
i n f r a r e d  spectrum w a s  c o n s i s t e n t  w i t h  t h e  proposed s t r u c t u r e  and 
e x h i b i t e d  a s t r o n g  a b s o r p t i o n  band a t  1000 c m - l  c h a r a c t e r i s t i c  of t h e  
Si(N(CH3)2)2 group. Anal.  Calcd. f o r  C13H18FgN2: C ,  45.34; H, 5.27; 
N ,  8.14%. Found: C ,  45.01; H, 5.25; N ,  8.07%- 

P r e p a r a t i o n  of  Chlorodiethoxyphenylsilane 

I n  a 1000 m l .  three-neck f l a s k  equipped w i t h  a n  a d d i t i o n  funne l ,  
mechanical s t i r rer ,  thermometer, and a d r y  ice  cold f i n g e r  was placed 
t r i c h l o r o p h e n y l s i l a n e  (106 g . ,  0.5 mole). The c o n t e n t s  of t h e  f l a s k  
were cooled t o  0°C and maintained a t  t h a t  temperature  while  e t h a n o l  
(46.1 g., 1.0 mole) was added dropwise t o  t h e  r a p i d l y  s t i r r e d  s o l u t i o n  
over a 3.5-hour per iod .  A slow n i t r o g e n  purge was maintained throughout 
the course of t h e  r e a c t i o n .  A f t e r  a l l  of t he  e t h a n o l  had been added, 
t h e  temperature  of t h e  system was s lowly r a i s e d  t o  60°C over  a t h r e e  
hour per iod .  Nitrogen purging and h e a t i n g  a t  60°C was continued f o r  
a n  a d d i t i o n a l  hour .  A t  t h e  end of t he  h e a t i n g  per iod ,  t h e  r e a c t i o n  
product  was d i s t i l l e d  through a 15-inch vacuum jacke ted  column packed 
w i t h  b e r l  saddles  and t h e  f r a c t i o n  c o l l e c t e d  w i t h  b.p.  of 127-13O0C/ 
25 t o r r .  ( L i t e r a t u r e  b.p. 124-126"C/20 t o r r . )  Yield:  91.5 g . ,  78%. 

I n  a s i m i l a r  f a s h i o n ,  chlorodiethoxymethylsilane was prepared from 
m e t h y l t r i c h l o r o s i l a n e  (74.9 g. ,  0.5 mole) and e t h a n o l  (46.1 g . ,  1.0 mole) 
b.p. 117-120°C. Yie ld :  67 g . ,  80%. 

p r e p a r a t i o n  of Penta f luorophenylme t h y l d i e  thoxys i lane  ( X I I )  

To a s o l u t i o n  of ethylmagnesium bromide prepared #rom ethylbromide 
(57.0 g., 0.52 
added dropwise 
(123.5 g., 0.5 

~- 

mole), Mg (13.3 g . ,  0.55 g.-atom), and THF (500 m l . )  was 
w i t h  s t i r r i n g  a s o l u t i o n  of pentafluorobromobenzene 
mole) i n  125 m l .  of THF. A f t e r  fou r  hours  of s t i r r i n g  a t  
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room tempera ture ,  t he  Grignard r eagen t  was added dropwise wi th  s t i r r i n g  
t o  a s o l u t i o n  of chlorodiethoxymethylsilane (85.5 g . ,  0.5 mole) i n  
300 m l .  o f  THF. The mixture  was s t i r r e d  a t  room temperature f o r  24 
hours and then  evapora ted  t o  dryness  i n  vacuo. 
was e x h a u s t i v e l y  e x t r a c t e d  wi th  cyclohexane i n  a Soxhle t  a p p a r a t u s ;  t he  
e x t r a c t s  were then  concent ra ted  i n  vacuo. The crude product was 
d i s t i l l e d  and the  f r a c t i o n  c o l l e c t e d  wi th  b o i l i n g  p o i n t  of 57-6OoC/0.3 
t o r r .  Y i e l d :  44.0 g . ,  30%. The po t  r e s idue  s o l i d i f i e d  upon coo l ing  
t o  room temperature i n d i c a t i n g  t h a t  d i -  and t r i - a r y l  s u b s t i t u t i o n  on 
the  s i l i c o n  atom had probably occurred a l s o .  

The heterogeneous r e s idue  

P r e p a r a t i o n  of Pentafluorophenylmethyldichlorosilane ( X I I I )  

Pentafluorophenylmethyldiethoxysilane (27.0 g. , 0.09 mole) was 
d i s so lved  i n  85 m l .  of a c e t y l  c h l o r i d e  and the  r e s u l t i n g  s o l u t i o n  allowed 
t o  s t i r  a t  room temperature f o r  48 ho2rs  under p r o t e c t i o n  of a calcium 
c h l o r i d e  packed d ry ing  tube.  Excess a c e t y l  c h l o r i d e  and by-product 
e t h y l  a c e t a t e  were removed through d i s t i l l a t i o n  (50-77°C) and the  
r e s idue  d i s t i l l e d  i n  vacuo through a 15-inch Vigreux column. The 
f r a c t i o n  was c o l l e c t e d  w i t h  a b.p.  o f  44-47OCIO.3 t o r r .  Yield: 1 7 . 2  g. ,  
(66%). An a l c o h o l i c  s i l v e r  n i t r a t e  t e s t  was s t r o n g l y  p o s i t i v e .  

P r e p a r a t i o n  of Pen ta f luo ropheny lme~hy l -b i s (N ,N-d ime thy lamino) s i l ane  (XIV) 

A s o l u t i o n  of  pentafluorophenylmethyldichlorosilane (17.0 g . ,  
0.06 mole) i n  25 m l .  o f  THF was added dropwise w i t h  s t i r r i n g  t o  a cold 
(-5 t o  O°C) s o l u t i o n  of dimethylamine i n  125 m l .  o f  THF. When a d d i t i o n  
was complete, the  i c e - s a l t  ba th  was removed and t h e  mixture allowed 
t o  s t i r  a t  room temperature f o r  24 hours.  S a l t  was removed by f i l t r a t i o n  
and the  f i l t r a t e  concent ra ted  i n  vacuo. D i s t i l l a t i o n  of  t he  r e s idue  
a t  0.35 t o r r  a f fo rded  a main f r a c t i o n ,  b.p. 63-65°C. The i n f r a r e d  
spec.trum of  the  d i s t i l l a t e  showed on ly  a ve ry  weak a b s o r p t i o n  band a t  
970 cm-I (Si-0-C). 

P r e p a r a t i o n  of Phenylpentafluorophenyldiethoxysilane 

To a s o l u t i o n  of  ethylmagnesium bromide prepared from e t h y l  bromide 
(5.7 g . ,  0.052 mole), Mg. (1.33 g. ,  0.055 g. -atom), and THF (50 m l . )  
was added dropwise w i t h  s t i r r i n g  a s o l u t i o n  of pentafluorobromobenzene 
(12.4 g . ,  0.05 mole) i n  25 m l .  of THF. A f t e r  fou r  hours  of s t i r r i n g  
a t  room tempera ture ,  t h e  s o l u t i o n  of  pentafluorophenylmagnesium bromide 
was added by means of  p o s i t i v e  n i t r o g e n  p res su re  t o  a s t i r r e d  s o l u t i o n  
of chlorodiethoxyphenylsilane (11.5 g . ,  0.05 mole) i n  100 m l .  of THF. 
A f t e r  s t i r r i n g  ove rn igh t  a t  room tempera ture ,  the  s o l i d  which had 
sepa ra t ed  was removed by f i l t r a t i o n  and the  f i l t r a t e  concent ra ted  
i n  vacuo. The crude product  decomposed upon attempted vacuum d i s t i l l a t i o n  
a t  0.7 t o r r .  
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When the  r e a c t i o n  was re - run  and the  s o l u t i o n  heated a t  THF r e f l u x ,  
s o l i d  sepa ra t ed  a f t e r  approximately one hour.  
h e a t i n g  per iod  of two hours ,  t he  crude product  was i s o l a t e d  a s  descr ibed  
above. 
of the product .  

A f t e r  an a d d i t i o n a l  

Attempted vacuum d i s t i l l a t i o n  a l s o  r e s u l t e d  i n  decomposition 

I n  a t h i r d  run,  t he  e n t i r e  r e a c t i o n  mixture  was f r eed  of s o l v e n t  
and exhaus t ive ly  e x t r a c t e d  wi th  30-60" petroleum e t h e r  i n  a Soxhlet  
appa ra tus  f o r  24 hours .  The e x t r a c t s  were evaporated t o  dryness  and 
the  r e s i d u a l  o i l  was used i n  subsequent r e a c t i o n s  "as is." Yie ld :  
24.4 g. ,  67%. An a l c o h o l i c  s i l v e r  n i t r a t e  t e s t  was negat ive .  

Attempted P r e p a r a t i o n  of Phenylpentafluorophenyldichlorosilane 

A s o l u t i o n  c o n s i s t i n g  of  pentafluorodiethoxyphenylsilane (18.1 g., 
0.05 mole),  benzoylchlor ide (42 g . ,  0.3 mole),  and 1 m l .  of  py r id ine  
was heated a t  r e f l u x  wi th  s t i r r i n g  f o r  8 hours .  The r e s u l t a n t  da rk  
co lored  s o l u t i o n  decomposed upon at tempted vacuum d i s t i l l a t i o n  a t  
0 .2  t o r r .  

A s o l u t i o n  c o n s i s t i n g  of the  same r e a c t a n t s  i n  the same q u a n t i t i e s  
as descr ibed  above was heated a t  150°C f o r  an  e i g h t  hour per iod.  
F r a c t i o n a l  d i s t i l l a t i o n  of  the  r e a c t i o n  mixture  y i e lded  a n e g l i g i b l e  
(ca .  4 g.)  amount of  d i s t i l l a t e ,  b.p. 80-12O0C/O.05 t o r r ,  which was 
not  f u r t h e r  c h a r a c t e r i z e d  o r  i n v e s t i g a t e d .  

A s o l u t i o n  of  pentafluorodiethoxyphenylsilane (18.1 g., 0.05 mole),  
a c e t y l c h l o r i d e  (23.6 g., 0.3 mole),  and t r i e thy lamine  was heated. a t  
r e f l u x  f o r  s i x  hours .  Atmospheric d i s t i l l a t i o n  of t he  r e a c t i o n  s o l u t i o n  
a f forded  only  unreacted a c e t y l  c h l o r i d e  wi th  no e t h y l  a c e t a t e  being 
d e t e c t e d .  

Attempted P r e p a r a t i o n  of Phenylpentafluorophenyldichlorosilane 

To a mixture  of a c t i v a t e d  Mg (1.33 g. ,  0.055g.-atom) and phenyl- 
t r i c h l o r o s i l a n e  (42.3 g . ,  0.2 mole) i n  50 m l  of THF was added dropwise 
wi th  s t i r r i n g  a s o l u t i o n  of pentafluorobromobenzene (12.35 g. ,  0.05 mole) 
i n  75 m l .  of THF. The r e a c t i o n  s o l u t i o n  darkened cons iderable  and no 
s a l t  was observed t o  s e p a r a t e .  When a d d i t i o n  was complete,  t he  
s o l u t i o n  was hea ted  a t  r e f l u x  f o r  two hours .  A f t e r  removal o f  t he  
s o l v e n t ,  f r a c t i o n a l  d i s t i l l a t i o n  i n  vacuo of t he  r e s idue  -a f forded  
recovery of on ly  unreacted p h e n y l t r i c h l o r o s i l a n e  ( 1 O O o C / 3 1  t o r r ) .  

A t  tempted P repa ra t ion  of  b i s  (3 ,5 -d i (  t r i f  luoromethyl) pheny1)dich loros i lane  

To a s o l u t i o n  of  ethylmagnesium bromide prepared from e t h y l  bromide 
(54.5 g., 0.5 mole),  Mg. (12.2 g., 0.5 g. atom), and THF (500 m l . )  was 
added dropwise wi th  s t i r r i n g  a s o l u t i o n  of 3,5-di(trifluoromethyl)bromo- 
benzene (146.5 g . ,  0.5 mole) i n  100 m l .  of  THF. A f t e r  s t i r r i n g  f o r  
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two hours  a t  room temperature ,  t he  s o l u t i o n  was cooled t o  10°C by 
means of  a n  ice-sal t  ba th  and t r e a t e d  i n  one p o r t i o n  wi th  cadmium 
c h l o r i d e  (45.8 g. ,  0.25 mole) which had been p rev ious ly  d r i e d  a t  110°C 
f o r  two hours .  
hours a t  t h e  end of which t i m e  t he  e n t i r e  con ten t s  of t h e  f l a s k ,  i nc lud ing  
the  p r e c i p i t a t e ,  were added by means of a p o s i t i v e  n i t rogen  p res su re  t o  
a s t i r r e d  s o l u t i o n  of s i l i c o n  t e t r a c h l o r i d e  (106.2 g. ,  0.625 mole) i n  
200 ml. of  THF maintained a t  -20°C. When a d d i t i o n  w a s  complete,  the  
coo l ing  ba th  was removed and the  r e a c t i o n  mixture  allowed t o  s t i r  a t  
room temperature  f o r  t h r e e  days. The two-phase system was concent ra ted  
i n  vacuo and t h e  r e s i d u e  exhaus t ive ly  e x t r a c t e d  wi th  cyclohexane i n  a 
Soxhlet  appa ra tus .  The e x t r a c t s  were evaporated t o  dryness  and the  
crude product  d i s t i l l e d  through a 15-inch vacuum jacke ted  column packed 
wi th  b e r l  s add le s .  The f r a c t i o n  was c o l l e c t e d  wi th  b.p. of 137-149"C/ 
15 t o r r  (54.0 g.) ;  a fo re run  wi th  b.p. of 47-83"C/15 t o r r  was c o l l e c t e d  
and d i sca rded .  The main f r a c t i o n  w a s c r e - d i s t i l l e d  through the  same 
column and the  f r a c t i o n  c o l l e c t e d  w i t h  b.p. of 94-96"C/6 t o r r .  The 
d i s t i l l a t e  s o l i d i f i e d  upon s t and ing  t o  whi te  c r y s t a l s ,  m.p. 58-60°C. 
The product  was shown through e l emen ta l  a n a l y s i s  t o  be a mixture  of  
mono- and d i c h l o r o - s u b s t i t u t e d  s i l a n e .  Anal. Calcd. f o r  C16H16C12F12Si: 
C 1 ,  13.50. Calcd. f o r  C24HgC1F18Si: C 1 ,  5.04%. (Avg. 9.27).  Found: 

The r e s u l t i n g  mixture  was s t i r r e d  a t  10-15°C f o r  four  

c1, 9.90%. 

Repeated d i s t i l l a t i o n s  were unsuccessfu l  i n  e f f e c t i n g  s e p a r a t i o n  
of t he  mixture  i n t o  two o r  more components. 

When an  equ iva len t  molar amount of  e t h y l s i l i c a t e  w a s  s u b s t i t u t e d  
f o r  t h e  s i l i c o n  t e t r a c h l o r i d e ,  no . r eac t ion  occurred wi th  the  d i a r y 1  
cadmium d e r i v a t i v e .  

P r e p a r a t i o n  of  B i s  (3,5-di(trifluoromethyl)phenyl)diisopropoxysilane (XV) 

This  compound was prepared through condensat ion of  3 , 5 - d i ( t r i f l u o r o -  
methy1)phenylmagensium bromide w i t h  diisopropoxydichlorosilane. The 
Grignard reagent  was prepared a s  descr ibed  e a r l i e r  f o r  t he  p r e p a r a t i o n  
of compound ( V I ) .  Diisopropoxydichlorosilane was prepared i n  82% 
y i e l d  by t h e  a d d i t i o n  of  2 e q u i v a l e n t s  of  anhydrous i sop ropy l  a l c o h o l  
t o  1 e q u i v a l e n t  of  s i l i c o n  t e t r a c h l o r i d e  a t  0°C. The product  was 
c a r e f u l l y  f r a c t i o n a t e d  a t  156-157"C/760 t o r r ,  l i t e r a t u r e  b o i l i n g  p o i n t  
155"C/745 t o r r  (Ref. 8). To 31.8 g. (0.1 mole) of 3,5-di(trifluoromethyl)- 
phenylmagnesium bromide i n  200 ml. of t e t r ahydro fu ran  was added wi th  
s t i r r i n g  10.8 g. (0.05 mole) of  diisopropoxydichlorosilane a t  65°C. 
The mixture  was r e f luxed  ove rn igh t  a t  t h i s  temperature  and 200 ml. of  
d i b u t y l e t h e r  w a s  added. The t e t r ahydro fu ran  was d i s t i l l e d  o f f  and the  
r e a c t i o n  temperature  was increased  t o  136°C where i t  w a s  he ld  ove rn igh t .  
The s a l t s  which p r e c i p i t a t e d  dur ing  t h i s  r e a c t i o n  were f i l t e r e d  o f f  
and e x t r a c t e d  i n  a Soxhle t  e x t r a c t o r  w i t h  cyclohexane. The combined 
f i l t r a t e s  were concent ra ted  t o  remove the  s o l v e n t s  and t h e  r e s i d u e  was 
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f r a c t i o n a t e d  t o  provide  a 34% y i e l d  of  compound (XV), b.p. 92-95OC/ 
0.01 t o r r .  Anal. Calcd. f o r  C22H20F1202Si: C y  46.15%, H, 3.53%; 
S i ,  4.91%. Found: C,  44.5%; H, 3.10%; S i ,  4.45%. P u r i t y :  96.5% 
by g lpc .  T h e o r e t i c a l  M.W.: 572.21. Found: (Mass Spect.)  572. 

P r e p a r a t i o n  of B i s  (3 , 5 - d i ( t r i f  luorome t h y l )  pheny1)dihydroxysilane (XVI) 

Compound (XVI) was prepared by a l k a l i n e  hydro lys i s  of (XV), by 
a m o d i f i c a t i o n  of t h e  method of Breed e t  a l .  (Ref. 9).  Compound (XV), 
5.72 g., (0.01 mole) was d i s so lved  i n  10 m l .  of t e t r a h y d r o f u r a n  and 
hea ted  t o  r e f l u x .  
2.4 g. of NaOH, 14 m l .  of e t h y l  a l c o h o l ,  and 2 m l .  of water .  This  
mixture  was warmed f o r  5 minutes and t r e a t e d  w i t h  a s o l u t i o n  of  2.4 
grams o f  NaOH i n  16 m l .  of water .  
and s t i r r e d  f o r  one hour a f t e r  which i t  w a s  poured slowly i n t o  a 
s o l u t i o n  of  20.5 gm. of  K;H,PO4 i n  200 m l .  of wa te r  a t  O°C w i t h  v igorous  
shaking. 
formed,  me l t ing  a t  230-240°C wi th  some decomposition. The i n f r a r e d  
spectrum showed evidence of  s i l a n o l  a b s o r p t i o n  a t  3300-3400 c m - l  and 
absence of  Si-O-C abso rp t ion .  The crude product was r e c r y s t a l l i z e d  
from CC14 bu t  t h e  me l t ing  p o i n t ,  23O-235"Cy was always accompanied 
by decomposition. Anal. Calcd. f o r  C16HgF1202Si: C y  39.35%; H, 1.65%; 
S i ,  5.75%. Found: C ,  40.6%; H, 1.89%; S i ,  5.13%. 

To t h i s  warm s o l u t i o n  was added a s o l u t i o n  con ta in ing  

This mixture was hea ted  a t  35-40°C 

The mixture was kep t  a t  0°C ove rn igh t  and whi te  c r y s t a l s  

P r e p a r a t i o n  of  1,4-bis(dimethylchlorosilyl)benzene ( X V I I )  

Compound ( X V I I )  was prepared by t h e  method of  Burks (Ref. 11) by 
condensa t ion  of  t h e  di-Grignard r eagen t  of  1,4-dibromobenzene w i t h  
excess  d ime thy ld ich lo ros i l ane .  The s o l i d  product was f r a c t i o n a t e d  a t  
1O9-11O0C/1.5 t o r r  i n  35% y i e l d ,  l i t e r a t u r e  (Ref. 11) 80-93OC/O.5 t o r r .  

P r e p a r a t i o n  of 1,4-Bis(dimethylhydroxysilyl)benzene ( X V I I I )  

Compound ( X V I I I )  was a l s o  prepared by t h e  method of Burks (Ref. 11) 
by h y d r o l y s i s  of  ( X V I I )  w i t h  ammonium hydroxide.  The product was 
r e c r y s t a l l i z e d  from CCl4 i n  60% y i e l d ,  me l t ing  p o i n t  135.5-136OCY 
l i t e r a t u r e  : 136-137°C. 

P r e p a r a t i o n  of 1,4-Bis(N,N-dimethylaminodimethylsilyl)benzene (XIX) 

Anhydrous dimethylamine, 100 g. , (2.22 moles) , was d i s so lved  i n  
To t h i s  s t i r r e d  s o l u t i o n  w a s  added dropwise a 

Following 

d i e t h y l  e t h e r  a t  0°C. 
s o l u t i o n  of  compound ( X V I I ) ,  26.33 g., (0.1 mole), i n  d i e t h y l  e t h e r  
whi le  ma in ta in ing  t h e  r e a c t i o n  temperature between 0-5°C. 
t h e  a d d i t i o n ,  t h e  amine hydrochlor ide  was f i l t e r e d  and washed w i t h  t h r e e  
success ive  p o r t i o n s  of f r e s h  e t h e r .  The combined f i l t r a t e s  were 
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concen t r a t ed  and the  r e s idue  was f r a c t i o n a t e d  a t  100-103°C/0.55 t o r r  
i n  73% y i e l d .  The compound was 98.5% pure by g lpc .  Anal. Calcd. f o r  
c14H28N2si2: C y  59.92%; H, 10.08%; N, 9.98%; S i ,  20.02%. Found: 
C y  5 8 . U ;  H, 9.75%; N, 9.43%, S i ,  20.8%. 

P r e p a r a t i o n  of Bis(N-methylcyclohexy1amino)dichlorosilane 

A s o l u t i o n  c o n s i s t i n g  of N-methylcyclohexylamine (113.2 g., 
1.0 mole) and t r i e thy lamine  (101.2 g. ,  1.0 mole) w a s  added dropwise 
wi th  s t i r r i n g  t o  a co ld  (5-1OoC) s o l u t i o n  of s i l i c o n  t e t r a c h l o r i d e  
(85.0 g., 0.5 mole) i n  1000 m l .  of  THF. When a d d i t i o n  was complete,  
t h e  coo l ing  ba th  was removed and the  heterogeneous mixture  allowed t o  
s t i r  a t  room temperature  overn ight .  Amine s a l t  (136.8 g., 99%) w a s  
removed by f i l t r a t i o n  and t h e  f i l t r a t e  evaporated t o  dryness  i n  vacuo. 
The crude product  was d i s t i l l e d  through a 15-inch vacuum-jacketed 
Vigreux column and the  f r a c t i o n  c o l l e c t e d  w i t h  b.p. of 120-122OC/6 t o r r .  
Yield:  129.2 g., 80%. Anal Calcd. foriC14H28C12N2Si: C1,  21.9%. 
Found: C 1 ,  21.4%. 

I n  a similar f a sh ion  bis(N-ethylcyclohexy1amino)dichlorosilane 
was prepared ins 52% y i e l d ;  b.p. 173-177OC/5 t o r r .  

P r e p a r a t i o n  of Bis(N-methylani1ino)dichlorosilane 

A s o l u t i o n  of  N-methylaniline (21.4 g., 0.2 mole) and t r i e thy lamine  
(20.2 g., 0.2 mole) was added dropwise wi th  s t i r r i n g  a t  room temperature  
t o  a s o l u t i o n  of  s i l i c o n  t e t r a c h l o r i d e  (17.0 g. ,  0.1 mole) i n  200 m l .  
of d ry  benzene. 
s a l t .  The two phase sys t emwas  s t i r r e d  a t  room temperature  f o r  two 
hours and then  hea ted  a t  r e f l u x  f o r  one hour.  
99%) w a s  removed by f i l t r a t i o n  and t h e  f i l t r a t e  concent ra ted  i n  vacuo 
t o  a l i g h t  yellow colored  o i l .  The crude product  w a s  d i s t i l l e d  
through a s h o r t  Vigreux column and the  f r a c t i o n  c o l l e c t e d  wi th  b.p. of  
100-102°C/0.075 t o r r .  Yie ld :  18.4 g., (59%). Anal. Calcd. f o r  
C14H16C12N2Si: C 1 ,  22.78%. Found: C 1 ,  22.53%. 

An exothermic r e a c t i o n  ensued w i t h  s e p a r a t i o n  o f  amine 

The amine s a l t  (27.2 g., 

Attempted P r e p a r a t i o n  o f  B i s ( N , N  -ethylcyclohexylamino)bis(3,5-di(tri- 
fluoromethy1)phenyl)silane 

A s o l u t i o n  of  ethylmagnesiumbromide prepared from e t h y l  bromide 
(22.8 g . ,  0.21 mole),  Mg. (5.32 g , ,  0.22 g. atom), and THF (200 m l . )  

w a s  t r e a t e d  dropwise w i t h  s t i r r i n g  wi th  3,5-di(trifluoromethyl)bromo- 
benzene (0.2 mole). A f t e r  s t i r r i n g  a t  room temperature  f o r  two hours ,  
the  exchanged Grignard was added i n  one p o r t i o n  t o  a s o l u t i o n  of  
b i s  (N~ethylcyclohexy1amino)dichlorosilane (0.1 mole). The r e a c t i o n  
mixture  w a s  s t i r r e d  a t  room temperature  f o r  48 hours  and then  hea ted  
a t  r e f l u x  f o r  s e v e r a l  hours .  A t  t he  end of t h i s  t i m e ,  t h e r e  was 
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s t i l l  no v i s i b l e  s i g n  of  r e a c t i o n  ( n e i t h e r  s a l t  formation nor  c o l o r  
d i s s i p a t i o n ) .  THF was d i s t i l l e d  from t h e  f l a s k  a t  a tmospheric  pressure  
w i t h  t h e  concomitant a d d i t i o n  of  b u t y l e t h e r  u n t i l  t h e  THF had been 
e n t i r e l y  removed from t h e  system. The s o l u t i o n  w a s  t h e n  re f luxed  
(142°C) f o r  f o u r  hours .  Visua l  examinat ion of  t h e  f l a s k  s t i l l  showed 
no s i g n  o f  r e a c t i o n  e i t h e r  through s a l t  formation o r  c o l o r  d i s s i p a t i o n  
of  t h e  Grignard reagent .  

Attempted P r e p a r a t i o n  of Bis(N-ethylcyclohexy1amino)-bis(pentaf1uoro- 
pheny1)si lane 

To a s o l u t i o n  of  ethylmagensium bromide p r e p r e d  from ethylbromide 
(22.8 g., 0.21 mole),  Mg. (5.32 g., 0.22 g. atom) and THF (200 m l . )  w a s  
added dropwise w i t h  s t i r r i n g  a s o l u t i o n  o f  pentafluorobromobenzene 
(49.4 g. ,  0.2 mole) and 50 m l .  of  THF. A f t e r  two hours  o f  s t i r r i n g  
a t  room temperature ,  t h e  exchanged Grignard s o l u t i o n  w a s  added i n  one 
p o r t i o n  t o  a s o l u t i o n  of bis(N-ethylcyclohexy1amino)dichlorosilane 
(35.2 g., 0.1 mole) i n  200 m l .  of  THF. The system was hea ted  a t  r e f l u x  
w i t h  s t i r r i n g  f o r  24 hours  d u r i n g  which t i m e  t h e  s e p a r a t i o n  of  s o l i d  
occurred.  The mixture  was evaporated t o  dryness  i n  vacuo and t h e  r e s i d u e  
e x h a u s t i v e l y  e x t r a c t e d  w i t h  benzene i n  a Soxhle t  appara tus .  The benzene 
i n s o l u b l e  p o r t i o n  weighed 28 g., and corresponded t o  a q u a n t i t a t i v e  
y i e l d  of  MgBrCl ( t h e o r e t i c a l :  27.8 g.) .  The benzene s o l u t i o n  from 
t h e  e x t r a c t i o n  was chromatographed on a solumn o f  n e u t r a l  grade alumina 
u s i n g  a d d i t i o n a l  benzene. E l u t i o n  w i t h  benzene y ie lded  ca. 2.5 g. o f  
cream colored  s o l i d ,  m.p. 17O-18O0C, which w a s  d i scarded .  No m a t e r i a l  
was e l u t e d  from t h e  column w i t h  e t h e r .  When methanol was used a s  t h e  
e l u t i n g  agent ,  30.7 g., (50% y i e l d )  of  t a n  co lored  s o l i d  was obta ined  
which s h o r t l y  decomposed upon s t o r a g e  i n  vacuo t o  a dark  co lored  l i q u i d .  

Attempted P r e p a r a t i o n  of  Bis(N-methylanilino)-bis(pentafluorophenyl)silane 

To a s o l u t i o n  of ethylmagnesiumbromide prepared from ethylbromide 
(22.8 g . ,  0.21 mole), Mg. (5.32 g. ,  0.22 g. atom), and THF (200 m l . )  
was added dropwise w i t h  s t i r r i n g  a s o l u t i o n  o f  pentafluorobromobenzene 
(49.4 g . ,  0.2 mole) and 50 m l .  o f  THF. A f t e r  two hours of s t i r r i n g  
a t  room temperature ,  t h e  exchanged Grignard s o l u t i o n  was added i n  one 
p o r t i o n  t o  a s o l u t i o n  of  bis(N-methylani1ino)dichlorosilane (31.1 g., 
0.1 mole) i n  200 m l .  of  THF. The r e a c t i o n  s o l u t i o n  w a s  hea ted  a t  
r e f l u x  w i t h  s t i r r i n g  f o r  12 hours  d u r i n g  which time t h e  s e p a r a t i o n  o f  
s o l i d  was observed. The r e a c t i o n  mixture  was concentrated i n  vacuo 
and t h e  r e s i d u e  e x h a u s t i v e l y  e x t r a c t e d  w i t h  benzene i n  a Soxhle t  
appara tus .  Concent ra t ion  of  t h e  e x t r a c t s  i n  vacuo af forded  a n  i n t r a c t a b l e  
gummy r e s i d u e  which w a s  no t  f u r t h e r  i n v e s t i g a t e d .  
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P r e p a r a t i o n  of 9,10-Bis(dimethylchlorosilyl)anthracene 

9,lO-Dibromoanthracene (33.6 g.,  0.1 mole) was added por t ionwise  
t o  a s t i r r e d  mixture  of  Mg. (5.35 g., 0.22 g. atom) and d imethyld ich loro-  
s i l a n e  (56.8., 0.44 mole) i n  THF (300 m l . ) .  When the  exothermic r e a c t i o n  
had subs ided ,  t h e  s o l u t i o n  w a s  heated a t  r e l f u x  f o r  two hours and then  
allowed t o  c o o l  t o  room temperature .  The s a l t  which had sepa ra t ed  was 
removed by f i l t r a t i o n  and the  f i l t r a t e  concent ra ted  i n  vacuo. The 
r e s idue  was e x t r a c t e d  w i t h  5 X 100 m l .  p o r t i o n s  of  b o i l i n g  benzene. 
The e x t r a c t s  were evaporated t o  dryness  and the  crude product  used 
d i r e c t l y  i n  the  hydro lys i s  r e a c t i o n .  

P r e p a r a t i o n  of Di- .B -Naphthol 

I n  a t h r e e - l i t e r  three-necked f l a s k ,  equipped wi th  a dropping funnel ,  
mechanical s t irrer,  and  r e f l u x  condepser,  was placed a mixture  of  

t o  r e f l u x .  To the  b o i l i n g  system con ta in ing  l i q u i d 9  -naphthol  i n  
suspens ion ,  was s lowly added through the  dropping funnel ,  and wi th  
v igorous  s t i r r i n g ,  a s o l u t i o n  of hydrated f e r r i c  c h l o r i d e  (84 ,g . ,  0.31 mole) 
i n  180 m l .  of  water. A f t e r  a d d i t i o n  w a s  complete,  the  mixture  was 
re$luxed f o r  one hour and t h e  sepa ra t ed  s o l i d  c o l l e c t e d  by f i l t r a t i o n .  
The f i l t e r  cake w a s  washed w i t h  b o i l i n g  water and a i r  d r i e d .  A f t e r  
r e c r y s t a l l i z a t i o n  from benzene, c o l o r l e s s  c r y s t a l s  were obta ined ,  m.p. 
217-218"C, ( l i t e r a t u r e  m.p. 218°C). 

9 -naphthol  (43.2 g., 0.3 mole) and water (1800 ml.) which was heated 

P r e p a r a t i o n  of  d i -  6 -Naphtholdime t h y l e  t h e r  

To a s o l u t i o n  of sodium hydroxide (8.0 g., 0.2 mole) i n  500 m l .  
of water  was, added d i q - n a p h t h o l  (28.6 g., 0 .1  mole) por t ionwise .  
r e s u l t i n g  s o l u t i o n  w a s  f i l t e r e d ,  t he  f i l t r a t e  t r e a t e d  wi th  dimethyl  
s u l f a t e  (25.2 g. ,  0.2 mole),  and then  hea ted  t o  b o i l i n g  w i t h  s t i r r i n g .  
A f t e r  coo l ing  t o  room temperature ,  the  crude product  which had sepa ra t ed  
was c o l l e c t e d  by f i l t r a t i o n ,  washed wi th  water u n t i l  the  washings were 
n e u t r a l  t o  a l k a c i d  paper and then  d r i e d  i n  vacuo over  P2O5. A 
q u a n t i t a t i v e  y i e l d  o f  crude product  was obta ined .  The i n f r a r e d  spectrum 
showed t h e  complete absence of hydroxyl abso rp t ion  a t  3400 cm-1. 
s o l v e n t  o r  combination of s o l v e n t s  could be found from which t o  
s a t i s f a c t o r i l y  r e c r y s t a l l i z e  the  compound. 

The 

No 

P r e p a r a t i o n  of  3,3 ' -dibromo-di-? -naphtholdimethylether  

A s t i r r e d  s o l u t i o n  of d i -q-naphthold imethyle ther  (63 g. , 0.2 mole) 
i n  1000 m l .  of g l a c i a l  a c e t i c  ac id 'was  heated t o  b o i l i n g  and t r e a t e d  
dropwise w i t h  a s o l u t i o n  of bromine (64 g., 0.4 mole) i n  50 m l .  of 
g l a c i a l  a c e t i c  a c i d .  The r e a c t i o n  s o l u t i o n  w a s  maintained a t  r e f l u x  
u n t i l  t h e  e v o l u t i o n  of HC1 had ceased ( c a -  12 hours) .  The cooled s o l u t i o n  
was poured i n t o  a l a r g e  excess  of water  and the s o l i d  which sepa ra t ed  
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was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  copious q u a n t i t i e s  of water, 
and d r i e d  i n  vacuo over sodium hydroxide p e l l e t s .  Yield: 70.8 g., (75%). 
A small  p o r t i o n  of  t he  crude product  was r e c r y s t a l l i z e d  from g l a c i a l  
acet ic  a c i d ;  m.p. 263-265OC. Anal. Calcd. f o r  C22H18Br202: B r ,  36.44%. 
Found: B r ,  36.13%. 

P r e p a r a t i o n  of 3,3'-(dimethylchlorosilyl)-di- -naphtholdimethylether 

A s o l u t i o n  of 3 , 3  ' -dibromo-di-9 -naphtholdimethylether (24.6 g. , 
9 

0,05 mole) i n  200 m l .  of THF was added dropwise t o  a s t i r r e d  mixture 
of Mg. (2.7 g . ,  0.11 g. atom) and d ime thy ld ich lo ros i l ane  (32 g., 0.25 mole) 
i n  THF (100 m l . ) .  The r a t e  of a d d i t i o n  w a s  such t h a t  t h e  exothermic 
r e a c t i o n  was s e l f - s u s t a i n i n g  and d i d  not  r e q u i r e  the  a p p l i c a t i o n  of  
e x t e r n a l  h e a t .  When a d d i t i o n  w a s  complete, t h e  s o l u t i o n  was hea ted  a t  
r e f l u x  f o r  1-1/2 hour s ,  allowed t o  coo l  t o  room temperature,  and then  
evapora ted  t o  dryness  i;i vacuo. The r e s u l t i n g  mixture was exhaus t ive ly  
e x t r a c t e d  w i t h  cyclohexane i n  a Soxhle t  appa ra tus .  The e x t r a c t s  were 
concent ra ted  i n  vacuo t o  a pa l e  yellow colored  o i l  which decomposed 
upon a t tempted  d i s t i l l a t i o n  i n  vacuo. 

P r e p a r a t i o n  o f  1,3-Bis(p-bromophenyl)hexafluoropropane (XX) 

The 1,3-didodohexafluoropropane f o r  t h i s  r e a c t i o n  was prepared 
by t h e  method of Krespan (Ref. 4) by i o d i n a t i o n  of  h e x a f l u o r o g l u t a r y l  
c h l o r i d e  under p re s su re .  
t o r r ,  ( l i t e r a t u r e  b.p. 130-13loC/760 t o r r ) .  Compound (XX) was prepared 
by a m o d i f i c a t i o n  o f  t he  method of McLoughlin e t  al. (Ref. 3). A mixture 
of 1,3-diiodohexafluoropropane, 8.08 g. (0.02 mole), and g-iodobromo- 
benzene, 22.6 g. (0.08 mole) was d i s so lved  i n  50 m l .  of anhydrous 
dimethylformamide and a c t i v a t e d  copper-bronze, 11.2 g. (0.18 g.-atom) 
was s l u r r i e d  i n  t h e  s o l u t i o n  wi th  s t i r r i n g .  The copper was p rev ious ly  
a c t i v a t e d  accord ing  t o  t h e  procedure of Vogel (Ref. 10). The mixture  
w a s  s t i r r e d  f o r  16 hours a t  27OC, a f t e r  which t h e  temperature was 
inc reased  over  a three-hour  per iod  t o  117-12OoC, where i t  w a s  he ld  
f o r  6 hours .  The mixture  was then  washed w i t h  300 m l .  of wa te r  and 
75. m l .  of methylene c h l o r i d e .  The o r g a n i c  l a y e r  was d r i e d  w i t h  
anhydrous MgS04 and the  r e s i d u e ,  a f t e r  removal o f  s o l v e n t ,  was hea ted  
a t  100°C/l t o r r  t o  remove excess  piodobromobenzene.  
w a s  r e c r y s t a l l i z e d  from i sopropy l  a l coho l /wa te r  i n  53% y i e l d  , m.p. 125-126OC. 
Anal. Calcd. f o r  C15H Br,F6: 
Found: 

The d i i o d i d e  w a s  f r a c t i o n a t e d  a t  10OoC/350 

The crude product  

C,  38.99%; H, 1.75%; B r ,  34.59%. 
C, 38.2%; H, !.2%; B r ,  33.85%. 

P r e p a r a t i o n  of  Poly(l,4-bis(oxydimethylsilyl)benzenemethyl-3,3,3-tri- 
f l u o r o p r o p y l s i l a n e )  

1,4-bis(dimethylhydroxysilyl)benzene (11.32 g. ,  0.05 mole) was 
added t o  a s o l u t i o n  of 3,3,3-(trifluoropropyl)methyl-bis(N,N-dirnethyl- 
amino)s i lane  (11.99 g. ,  0.0525 mole) i n  30 m l .  o f  d r y  to luene .  The 
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r e a c t i o n  mixture  was s t i r r e d  and hea ted ,  by means of  an  o i l  ba th ,  under 
a n i t rogen  atmosphere. 
d i o l  was obta ined ,  and a t  approximately 85OC the  e v o l u t i o n  of  dimethyl- 
amine commenced. 
f o r  four  hours  a t  the  end of which t i m e  f i v e  m l .  of water was added 
and the  two-phase system heated a t  r e f l u x  f o r  two hours .  Excess 
water  was then  removed through a z e o t r o p i c  d i s t i l l a t i o n  ard t he  polymer 
s o l u t i o n  analyzed f o r  pe rcen t  s o l i d s .  Found: 38%. 

A t  approximately 7OoC complete s o l u t i o n  of  t he  

The r e s u l t i n g  s o l u t i o n  was heated a t  r e f l u x  (110'C) 

P repa ra t ion  of Poly(l,4-bis(oxydimethylsilyl)benzene methyl 3-(hepta- 
f1uoroisopropoxy)propylsilane) 

1,4-bis(dimethylhydroxysilyl)benzene (11.32 g. ,  0.05 mole) was 
added t o  a s o l u t i o n  of  3-(heptafluoroisopropoxy)propylrnethyl-bis(NyN- 
dimethy1amino)silane (18.811 g . ,  0,0525 mole) i n  30 m l .  of d ry  to luene .  
Upon h e a t i n g  the  mixture  under a n i t r o g e n  atmosphere,  s o l u t i o n  of  the  
d i o l  occurred a t  8 O o C  and evo lu t ion  of  dimethylamine s t a r t e d  a t  90°C. 
The s o l u t i o n  was heated a t  r e f l u x  f o r  four  hours ,  t hen  t r e a t e d  w i t h  
5 m l .  of H,O, r e f luxed  a n  a d d i t i o n a l  two hours ,  f r eed  of excess  water 
through a z e o t r o p i c  d i s t i l l a t i o n ,  and then  cen t r i fuged  t o  remove t r a c e s  
of suspended p a r t i c l e s .  Analys is  f o r  pe rcen t  s o l i d s  was 30%. 

P r e p a r a t i o n  of Poly(l,4-bis(oxydimethylsilyl)benzene phenyl-3,5-di-  
(trifluoromethy1)phenylsilane) 

1,4-bis(dimethylhydroxysilyl)benzene (11.32 g .  , 0.05 mole) w a s  
added t o  a s o l u t i o n  of 3,5-di(trifluorornethyl)phenyl-bis-(N,N-dimethyl- 
amin0)phenyls i lane (21.34 g. ,  0.052 mole) i n  30 m l .  of d r y  to luene .  
The s t i r r e d  r e a c t i o n  mixture  was hea ted  by means of  an o i l  ba th  under 
a n i t rogen  atmosphere. Evolu t ion  of  dimethylamine d id  not  occur u n t i l  
r e f l u x  of t he  to luene  had been i n  progress  f o r  some t i m e .  A t  t he  end 
of s i x  hours  of h e a t i n g ,  5 m l .  of water was added and the  heterogeneous 
system re f luxed  f o r  two hours .  Excess water  was then  removed through 
a z e o t r o p i c  d i s t i l l a t i o n  and the  polymer s o l u t i o n  analyzed f o r  pe rcen t  
s o l i d s .  Found: 36%. 

P repa ra t ion  of Poly(l,4-bis(oxydimethylsilyl)benzene methyl-bis(3,5-di-  
trifluoromethy1)phenylsilane) 

1,4-bis(dimethylhydroxysilyl)benzene (5.66 g,, 0.025 mole) was 

\ 

added t o  a s o l u t i o n  of (3,5-di(trifluoromethyl)phenyl)methyl-bis(N,N- 
dimethy1amino)silane (8.680 g. ,  0.0252 mole) i n  15 m l .  of d ry  to luene .  
The r e a c t i o n  f l a s k  was immersed i n  a n  o i l  ba th  and the  mixture  hea ted  
wi th  s t i r r i n g  under a n i t r o g e n  atmosphere. 
s o l u t i o n  was obta ined ,  and a t  95OC t h e  e v o l u t i o n  of dimethylamine occurred.  
A f t e r  h e a t i n g  the  s o l u t i o n  a t  to luene  r e f l u x  f o r  fou r  hours ,  f i v e  m l .  

. A t  about  85OC a homogeneous 
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of  wa te r  w a s  added and t h e  two-phase system heated a t  r e f l u x  f o r  two 
hours .  The excess  water  was removed through a z e o t r o p i c  d i s t i l l a t i o n  
and t h e  polymer s o l u t i o n  analyzed f o r  pe rcen t  s o l i d s .  Found: 32%. 

CONCLUSIONS 

The e v a l u a t i o n  of polymers which have been prepared thus  f a r  
con ta in ing  va ry ing  p ropor t ions  of  f l u o r i n e  has  pointed t o  the  need 
f o r  increased  f l u o r i n e  s u b s t i t u t i o n ,  p r e f e r a b l y  i n  the  form of f luo ro -  
a romat ic  groups.  Thus, s t r u c t u r e s  of t h e  type 

I 
8-Si-0 

R 
A 

where R i s  -0 o r  -@F2)x-cFg 

s h a l l  be s t u d i e d  i n  the  course of  the  program. It i s  expected t h a t  
f u e l  r e s i s t a n c e  w i l l  be enhanced f u r t h e r  by f luorocarbon o r  fused r i n g  
a romat ic  moie t i e s  incorpora ted  i n  the  d i o l  monomer. 

The molecular  weight  of t he  l i n e a r  polymers c r i t i c a l l y  a f f e c t e d  
the  mechanical s t r e n g t h  of t he  r e s u l t i n g  e las tomers .  I n  most ca ses  
the  ' f l u o r i n a t e d  s i lpheny lenes i loxane  polymers have molecular  weights  
below t h a t  r equ i r ed  f o r  high s t r e n g t h  s e a l a n t s .  The c r i t i c a l  na tu re  
of t he  monomer p u r i t y  i n  a t t a i n i n g  accep tab le  molecular  weights  i s  
emphasized by these  r e s u l t s .  More p u r i f i c a t i o n  procedures a r e  c u r r e n t l y  
being employed t o  y i e l d  polymers of h ighe r  molecular  weights .  

The p r o c e s s a b i l i t y  and a p p l i c a t i o n  c h a r a c t e r i s t i c s  of  the  s i lpheny-  
l enes i loxane  s e a l a n t  formula t ions  a r e  e q u i v a l e n t  t o  the commercial 
f l u o r o s i l i c o n e  and t h e  i n h e r e n t  thermo-oxidative s t a b i l i t y  of the  
exper imenta l  m a t e r i a l s  appears  somewhat b e t t e r  than  the f l u o r o s i l i c o n e .  
The t e n s i l e  s t r e n g t h  and e longa t ion  of the  experimental  polymers are 
equ iva len t  i n  some cases  t o  e i t h e r  t he  commercial f luorocarbon o r  the  
f l u o r o s i l i c o n e .  While the  polymers. developed t o  d a t e  have not  contained 
s u f f i c i e n t  f l u o r i n a t i o n  o r  a romat ic  c h a r a c t e r  t o  confer  d e s i r a b l e  
f u e l  r e s i s t a n c e ,  t h e  c u r r e n t  e f f o r t s  of  t he  program a r e  concen t r a t ing  
on t h i s  problem. The f l u o r i n a t e d  groups u t i l i z e d  i n  these  polymers are 
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s t r u c t u r e d  t o  minimize t i t an ium s t r e s s  co r ros ion  r e s u l t i n g  from HF 
e l i m i n a t i o n ,  and as such should c o n s t i t u t e  a more d e s i r a b l e  a l t e r n a t i v e  
t o  the Viton f luorocarbon s e a l a n t .  E f f o r t s  w i t h i n  t h e  r e l a t e d  con t r ac t ed  
e f f o r t  w i l l  cont inue t o  emphasize t h e  d e f i n i t i o n  of t he  stress c o r r o s i o n  
mechanism i n  f l u o r i n a t e d  s e a l a n t s ,  so  t h a t  t he  f l u o r i n a t e d  s t r u c t u r e s  
d iscussed  i n  t h i s  r e p o r t  can be modified o r  optimized as r equ i r ed  t o  
r e s u l t  i n  r e l i a b l e  s e a l a n t  m a t e r i a l s .  
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