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H u n t s v i l l e ,  Alabama 

ABSTRACT 

The o b j e c t i v e  of t h i s  p a r a l l e l  in-house and c o n t r a c t u a l  program h a s  
been t o  deve lop  improved p o t t i n g  and conformal c o a t i n g  m a t e r i a l s  f o r  
p r o t e c t i v e  e l e c t r o n i c  e n c a p s u l a t i o n .  
copolymer systems were i n v e s t i g a t e d .  New epoxy-siloxane and epoxy-s i l ane  
polymer p r e c u r s o r s  have been synthes ized  and c h a r a c t e r i z e d .  
cu re  s t u d i e s  of the epoxy-s i lane  m a t e r i a l  have i n d i c a t e d  a d e f i n i t e  
po lymer i za t ion  t o  a s o l i d  polymer. 
d i e l e c t r i c  p r o p e r t i e s  a r e  appa ren t  in  s i l a z a n e - c u r e d ,  conven t iona l  epoxy 
r e s i n s .  
p o t e n t i a l  a s  w e l l  a s  some f l e x i b i l i t y  a t  tempera tures  below ambient.  
Analogous polymers have shown usab le  p r o c e s s i n g  c h a r a c t e r i s t i c s  and promising 
d i e l e c t r i c  p r o p e r t i e s .  

Ure thane-s i loxane  and epoxy-siloxane 

P re l imina ry  

A t t r a c t i v e  mechanical s t r e n g t h  and 

Ure thane-s i loxane  polymers appear t o  have f i l m  o r  c o a t i n g  forming 
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TECHNICAL MEMORANDUM X-53390 

STATUS REPORT: DEVELOPMENT OF POLYMERIC MATERIALS FOR 
POTTING AND ENCAPSULATING ETiECTRONIC ASSEMBLIES 

SUMMARY 

A s u s t a i n e d  program i s  i n  p rogres s  t o  deve lop  polymeric m a t e r i a l s  
w i t h  improved p r o p e r t i e s  a s  encapsu la t ing  and c o a t i n g  compounds f o r  
e l e c t r o n i c  a s sembl i e s .  The o v e r a l l  program i s  r e p r e s e n t e d  by t h r e e  
major d i v i s i o n s :  (1) r i g o r o u s  t e s t i n g  and e v a l u a t i o n  of commercially 
a v a i l a b l e  polymers t o  p r e d i c t  the  m a t e r i a l  c h a r a c t e r i s t i c s  e s s e n t i a l  t o  
f u l f i l l m e n t  of the  program g o a l s ;  (2) a p p l i c a t i o n  of  t h e s e  r e s u l t s  t o  
an i n t e n s i v e  s y n t h e s i s  s t u d y  of  new polymer systems;  and (3)  i n t e g r a t i o n  
of the  new polymers i n t o  e l e c t r o n i c  hardware by e s t a b l i s h i n g  fo rmula t ion  
and p rocess ing  techniques  a s  w e l l  a s  by c a r e f u l l y  e v a l u a t i n g  the c r i t i c a l  
parameters .  Th i s  r e p o r t  cove r s  the second phase of the  i n v e s t i g a t i o n .  

The g e n e r a l  f a m i l i e s  of  epoxy-siloxane and u re thane - s i loxane  copolymers 
have been i n v e s t i g a t e d  in-house and under c o n t r a c t ,  the  f i r s t  be ing  
proposed a s  a cand ida te  m a t e r i a l  f o r  p o t t i n g  compounds and the  second t o  
be o r i e n t e d  toward conformal c o a t i n g s .  The i n t e r n a l  program has y i e l d e d  
a s e r i e s  of u re thane - s i loxane  copolymers which a r e  c h a r a c t e r i z a b l e  t o  
t h e  e x t e n t  t h a t  they r e f l e c t  t h e  v a l i d i t y  of the  s y n t h e t i c  approach. 
m a t e r i a l s  form tough, f l e x i b l e ,  t r a n s p a r e n t  t h i n  f i l m s  o r  c o a t i n g s ,  The 
i n c r e a s e  i n  f l e x i b i l i t y  of t hese  polymers i s  appa ren t  a s  the degree of  
po lymer i za t ion  of t h e  s i l o x a n e  moiety i s  i n c r e a s e d .  

These 

A s e r i e s  of epoxy-s i lane  polymer p r e c u r s o r s  having a g e n e r a l  s t r u c t u r e  
d e s i g n a t i o n  of bis(alkenyldimethylsily1)-benzenes has  been syn thes i zed  
and c h a r a c t e r i z e d  i n  some d e t a i l .  One compound, 1,4-bis(vinyldimethylsilyl)- 
benzene , h a s  been epoxid ized  t o  the cor responding  d iepoxide  and, subsequen t ly ,  
polymerized t o  a s o l i d  polymer which has  r easonab le  mechanical s t r e n g t h .  

The c o n t r a c t u a l  program h a s  p a r a l l e l e d  the  in-house e f f o r t  and h a s  
r e s u l t e d  i n  the p r e p a r a t i o n  of a s e r i e s  of u re thane - s i loxane  copolymers 
u t i l i z i n g  bis(hydroxymethy1)-diphenylether-based s i l o x a n e s .  A l i q u i d  
s i l oxy-u re thane  prepolymer has  been formulated which c u r e s  t o  c l e a r ,  
f l e x i b l e  e l a s tomers  t h a t  have d i e l e c t r i c  c o n s t a n t s  a s  low a s  3 .38,  measured 
a t  1 k i l o c y c l e .  A new epoxy-siloxane polymer p r e c u r s o r ,  l Y 3 - b i s ( ~ - a l l y p h e n y l ) -  
t e t r a m e t h y l  d i s i l o x a n e ,  h a s  been syn thes i zed  and c h a r a c t e r i z e d  during the  
c o n t r a c t  i n v e s t i g a t i o n .  This  compound i s  t o  be epoxid ized  and, subsequen t ly ,  
polymerized wi th  diamines t o  a s o l i d  polymer. 
c m e  r c i a  1 monome r i c  b i s  - e pox ide  w i t h  b i s  (me t h y  lamino) -d i pheny 1 s i lane  
h a s  produced s o l i d  polymers wi th  s i g n i f i c a n t l y  lower d i e l e c t r i c  c o n s t a n t s  
t h a n  t h e  convent iona l ly-cured  analogous epoxy r e s i n s .  

The po lymer i za t ion  of a 



INTRODUCTION 

The development of improved polymeric  m a t e r i a l s  f o r  use a s  encap- 
s u l a t i n g  compounds f o r  s e r v i c e  on e l e c t r o n i c  cordwood-type modules and 
a s  conformal coa t ings  f o r  s e r v i c e  on p r i n t e d  c i r c u i t  boards h a s  been 
i n v e s t i g a t e d  a s  a n  i n t e r n a l  r e s e a r c h  program and a s  a p a r a l l e l  c o n t r a c t  
program. This  program was i n i t i a t e d  a s  a m a t e r i a l s  e v a l u a t i o n  and 
m o d i f i c a t i o n  e f f o r t  ( r e f .  1) t o  e s t a b l i s h  the  t a r g e t  c r i t e r i a  and t o  
determine t h e  most f r u i t f u l  a r e a  f o r  a m a t e r i a l s  s y n t h e s i s  program. 
From the  program, i t  was e s t a b l i s h e d  t h a t  t w 9  m a t e r i a l s ,  epoxy-si loxane 
copplymers f o r  encapsu lan t s  and u re thane - s i loxane  copolymers f o r  conformal 
c o a t i n g s ,  would be t h e  most l o g i c a l  cand ida te s  f o r  t he  s y n t h e s i s  e f f o r t .  

The monomeric polymer p r e c u r s o r s  t h a t  a r e  be ing  syn thes i zed  i n  t h i s  
program a r e  designed molecu la r ly  t o  impart  t o  t he  r e s u l t i n g  polymer 
minimal va lues  of d i e l e c t r i c  c o n s t a n t  and power f a c t o r .  Formulat ion and 
f i l l i n g  techniques  a r e  be ing  i n v e s t i g a t e d  which w i l l  a l l ow polymer 
p r e c u r s o r s  t o  be f i l l e d  t o  such a degree t h a t  t he  c o e f f i c i e n t  of  thermal  
expansion of the cured encapsu lan t  approaches t h a t  0: t h e  component, wh i l e  
a l s o  i n s u r i n g  t h a t  t he  cons i s t ency  of  the  uncured r e s i n - f i l l e r  mix does 
n o t  exceed a pourable  v i s c o s i t y .  The expansion c o e f f i c i e n t  requirement  
of  t he  encapsu la t ing  m a t e r i a l s  w i l l  p rec lude  low tempera ture  f l e x i b i l i t y  
by v i r t u e  of  the h igh  p r o p o r t i o n  of f i l l e r .  The conformal  c o a t i n g  
requi rements  inc lude  a low temperature  f l e x i b i l i t y  t h a t  i s  i n h e r e n t  i n  
e l a s tomer i c - type  m a t e r i a l s .  It is  e v i d e n t  t h a t  t h e  two major a r e a s  of 
p r o t e c t i v e  encapsu la t ion  must be approached, i n  one c a s e ,  w i t h  a r e l a t i v e l y  
r i g i d ,  f i l l a b l e  m a t e r i a l  t h a t  h a s  a low d i f f e r e n t i a l  thermal  expansion 
between component and encapsu lan t  and,  i n  the  o t h e r  c a s e ,  w i t h  a r e s i l i e n t ,  
e l a s t o m e r i c  m a t e r i a l .  The d e s c r i p t i o n  of the  s y n t h e s i s . p r o g r a m  now i n  
e f f e c t  in-house and on c o n t r a c t  i s  g iven  below i n  d e t a i l ;  t h e  t h e o r e t i c a l  
b a s i s  i s  included i n  each s e c t i o n  t o  e l u c i d a t e  the  expe r imen ta l  approach.  
The d i e l e c t r i c  p r o p e r t i e s  were eva lua ted  by t h e  use  of  t h e  Har t sho rn  
f l a t  d i e l e c t r i c  specimens and the  4-rod embedded e l e c t r o d e  c o n f i g u r a t i o n .  
I n s u l a t i o n  r e s i s t a n c e  and volume r e s i s t i v i t y  measurements were taken 
from the  4-rod c o n f i g u r a t i o n .  Unless  o the rwise  s p e c i f i e d ,  the  v a l u e s  
g iven  f o r  d i e l e c t r i c  c o n s t a n t  and d i s s i p a t i o n  f a c t o r  were measured a t  
one k i l o c y c l e .  

IN-HOUSE RESEARCH 

Epoxy-Silane Copolymer S y n t h e s i s  

T h e o r e t i c a l  B a s i s .  - A ser ies  of compounds h a s  been i n v e s t i g a t e d  
f o r  encapsu la t ing  o r  embedment compounds, which i s  r e p r e s e n t e d  by t h e  
fo l lowing  b a s i c  s i l ypheny lene  o l e f i n :  I 



\ -  s i  - R - CH = C H ~  -4. // I 
CH = CH - R - Si 

I 2 

CH3 CH3 

The t e rmina l  o l e f i n i c  groups may be oxid ized  t o  the  cor responding  epoxide 
f u n c t i o n a l i t y .  
d i f u n c t i o n a l  copolymer p r e c u r s o r s  which polymerize on ly  i n  t h e  f i n a l  
c u r i n g  o r  c r o s s l i n k i n g  r e a c t i o n .  The a l t e r n a t i v e  procedure would involve  
a p a r t i a l  po lymer i za t ion  o f  t h e  d i f u n c t i o n a l  monomer t o  a l i q u i d  prepolymer 
which would then  be c r o s s l i n k e d  t o  a s o l i d  r e s i n .  Th i s  in t roduced  problems 
o f  c o n t r o l l i n g  t h e  degree  of p o l p e r i z a t i o n  of t h e  prepolymer f o r  r ep ro -  
d u c i b i l i t y  of  t h e  epoxide f u n c t i o n a l i t y .  P u r i f i c a t i o n  i n  t h e  prepolymer 
s t a t e  a l s o  i s  much more d i f f i c u l t  than  i n  the d i f u n c t i o n a l  monomeric form. 
Thus, i n  t he  i n t e r e s t  o f  producing a n a l y t i c a l l y  c o n t r o l l a b l e  polymers, 
which appeared d e s i r a b l e  t o  minimize d i e l e c t r i c  breakdown, ou tgass ing ,  and 
s t r u c t u r a l  f a i l u r e ,  t he  concept  of t he  monomeric copolymer p recu r so r  h a s  
been u t i l i z e d .  

The scope o f  t h i s  s y n t h e t i c  approach h a s  been t o  p repa re  

Three of  t hese  compounds have been i n v e s t i g a t e d :  

CH2 (I) C H ~  = CH - s i  -id- s i  - CH = 
I I 

CH3 CH3 

1,4-b is (v inyld ime thy l s i ly1 ) -benzene  

CH3 1 3 -  I 
CH 

(11) CH = CHCH - S i  -C_S- si - CH CH = C H ~  
2 2 !  2 

3 
CH CH3 

1 , 4 - b i s  (a l ly ld ime t h y l s i l y l )  -benzene 

CH 
3 3 CH 3 

CH 

1,4-bis(l,l-dimethyl-3-vinyl-3,3-dimethyl-disiloxanyl)- 
benzene 

3 



from the  immediate o x i d a t i o n  s i t e .  

One of the e a r l i e r  s y n t h e s i s  o b j e c t i v e s  was t o  p repa re  a ser ies  of 
d ipheno l s  based on bis(hydroxypheny1)-tetramethyldisiloxane and, t hus ,  
o b t a i n  the  epoxy r e s i n  p recu r so r  through an  a d d i t i o n  r e a c t i o n  of  t he  
d ipheno l  w i t h  epoxides .  A r a t h e r  exhaus t ive  s tudy  of  t he  r e a c t i o n  s t r o n g l y  
i n d i c a t e d  t h a t ,  f o r  a s p e c i e s  c o n t a i n i n g  the  - 0 - S i  - C6H4- OH l i nkage ,  
t he  p o l a r i t y  of t he  S i - C  bond i s  s o  enhanced t h a t  c leavage  by n u c l e o p h i l i c  
a t t a c k  a t  t h a t  s i t e  i s  i n e v i t a b l e  under the  h y d r o l y s i s  c o n d i t i o n s  r equ i r ed  
t o  form the  d iphenol .  

~ 

I n  view of t h i s ,  t he  b i s - a l k e n y l  monomers were cons idered  t o  be the  
more s t a b l e  in t e rmed ia t e s  and a l s o  more p r a c t i c a l  because they  have the  
p o t e n t i a l  of being epoxida ted  d i r e c t l y .  

The s y n t h e s i s  mechanism invo lv ing  compounds I and I1 employs a 
c leavage  between an organomagnesium h a l i d e  and a s i l a n e  c h l o r i d e .  Th i s  
may be viewed a s  a t r a n s i t i o n  s t a t e  coord ina t ion  of the  c h l o r i d e  of 
s i l i c o n  w i t h  the magnesium ( r e f .  2 )  a s  fo l lows :  

R,Si  - C 1  + R'MaX . 

- 
The inc reased  i o n i c  c h a r a c t e r  of t he  S i - C 1  v e r s u s  C - C 1  bond p a r t l y  i s  
r e s p o n s i b l e  f o r  t he  occurrence  of  t h i s  r e a c t i o n .  The condensa t ion  would 
n o t  be expected t o  occur  s o l e l y  on t h e  b a s i s  of bond energy comparisons 
( S i  - C 1  = 91,  S i  - C = 70), b u t  e v i d e n t l y  the  s t a b i l i t y  of the  p o s t u l a t e d  
c y c l i c  t r a n s i t i o n  a l lows  the  condensa t ion  t o  proceed w i t h  a lower a c t i v a t i o n  
energy  c o n t r i b u t i o n ,  thus  overcoming the  bond energy  d i f f e r e n c e .  

The magnesium d i h a l i d e ,  which formed a s  a condensa t ion  by-product  ir! 

t h e  r e a c t i o n ,  was found t o  complex t o  some e x t e n t  w i t h  t h e  e t h e r  s o l v e n t  

X R 

M g 4 - - - :  0 
\ / 

/ 
X 

4 

\ 
\ 

R 



so  t h a t  compl i ca t ions  a r o s e  i n  the  p u r i f i c a t i o n  of t h e  r e a c t i o n  p roduc t .  
An aqueous t r e a t p e n t  t o  i o n i z e  the  s a l t  proved e f f e c t i v e  i n  d e s t r o y i n g  
the  complex and allowed uncontaminated recovery  of the d e s i r e d  compound. 
A d i l u t e  sodium b ica rbona te  s o l u t i o n  was used a s  the  aqueous phase t o  
n e u t r a l i z e  any r e s i d u a l  s i l a n e  c h l o r i d e  f u n c t i o n a l i t y .  

Experimental .  - 
Syn thes i s  of 1,4-bis(chlorodimethylsilyl)-benzene (I) ( r e f .  3 ) - - -  

A r e a c t i o n  v e s s e l  equipped w i t h  s t i r r e r ,  e q u i l i b r a t i n g  funne l ,  and r e f l u x  
cpndsnser was d r i e d  and equipped with a n i t r o g e n  i n l e t  tube .  Two mol- 
e q u i v a l e n t s  of d r y  magnesium meta l  t u r n i n g s  were in t roduced  and a c t i v a t e d  
by warming w i t h  a c r y s t a l  of  iod ine .  A s o l u t i o n  of one mol-equiva len t  
of E-dibromobenzene and f o u r  mol-equiva len ts  of f r e s h l y  d i s t i l l e d  
dime t h y l d i c h l o r o s i l a n e  i n  anhydrous d i e t h y l  e t h e r  was added dropwise t o  
the  s t i r r e d  magnesium. 
r a t e  was c o n t r o l l e d  v e r y  e f f i c i e n t l y  by the  a d d i t i o n  r a t e  of the  e t h e r  
s o l u t i o n .  Approximately t h r e e  hours were r e q u i r e d  t o  complete the 
a d d i t i o n ;  then the  mixture  was r e f luxed  f o r  a n  a d d i t i o n a l  t h r e e  hour s .  
The condensa t ion  by-product,  magnesium bromochloride,  p r e c i p i t a t e d  from 
the  r e a c t i o n  mixture  a f t e r  approximately one hour of a d d i t i o n .  The mixture  
then was c h i l l e d  t o  p r e c i p i t a t e  M g B r C l  and was f i l t e r e d  under n i t r o g e n .  
The e t h e r  s o l v e n t  was d i s t i l l e d ,  and the r e s i d u e  was vacuum-frac t iona ted .  
The f r a c t i o n  b o i l i n g  a t  90-95"C/0.2 t o r r  was c o l l e c t e d .  
range agreed c l o s e l y  w i t h  s e v e r a l  o t h e r  l i t e r a t u r e  v a l u e s .  (I) c r y s t a l -  
l i z e d  t o  a whi te  s o l i d  a t  25'C with a m e l t i n g  p o i n t  of 87-90'C. 
ex t remely  s u s c e p t i b l e  t o  h y d r o l y s i s ;  t h e r e f o r e ,  a n a l y t i c a l  d a t a  would 
be s u b j e c t  t o  l a r g e  e r r o r .  
of t h e  f r a c t i o n a t e d  m a t e r i a l  was recovered.  

The r e a c t i o n  s t a r t e d  r e a d i l y  a t  25"C, and i t s  

This  b o i l i n g  

(I) i s  

Based on pdibromobenzene ,  a 41 p e r c e n t  y i e l d  

S y n t h e s i s  of 1,4-bis(vinyldimethylsilyl)-benzene (11)---Two mol- 
e q u i v a l e n t s  of vinylmagnesium ch lo r ide*  were d i s s o l v e d  i n  t e t r a h y d r o f u r a n  
i n  a d r y  box and p laced  i n  a. d r i e d ,  s t i r f e d ,  n i t rogen-swept  r e a c t i o n  
f l a s k  f i t t e d  w i t h  a r e f l u x  condenser and e q u i l i b r a t i n g  funne l .  
e q u i v a l e n t  of 1,4-bis(chlorodimethylsilyl)-benzene i n  THF was added drop- 
wise t o  the  f l a s k  wh i l e  a g e n t l e  THF r e f l u x  was ma in ta ined .  The a d d i t i o n  
was completed i n  one hour ,  and the mix tu re  was r e f l u x e d  an a d d i t i o n a l  

by-product .  
y i e l d  was recovered .  The s a l t  was washed twice w i t h  e t h e r  and once wi th  
benzene, and the  washings were combined w i t h  t h e  o r i g i n a l  f i l t r a t e .  A s  
the  s o l u t i o n  was concen t r a t ed ,  more s a l t  p r e c i p i t a t e d  and was e x t r a c t e d  
by t r ea tmen t  w i t h  f i v e  pe rcen t  aqueous sodium b i c a r b o n a t e .  The aqueous 
phase was washed twice w i t h  e t h e r ,  and the e t h e r e a l  l a y e r s  were combined. 
D i s t i l l a t i o n  of t h e  s o l v e n t  and subsequent f r a c t i o n a t i o n  of the r e s idue  

One mol- 

-_ hour .  .Ine mixcure was c i l i l l ed  ts p r e c i p i t a t e  c l l r  A 1 6 u A 2  W - P l  nnnclnnaptinn C " , L U I . . L Y U  -..-.. 
A q u a n t i t y  of MgC12 r e p r e s e n t i n g  90 p e r c e n t  of t h e  t h e o r e t i c a l  

* Produced by t h e  P e n i n s u l a r  ChemRe s e a r c h  Corpora t ion  , G a i n e s v i l l e ,  F l o r i d a .  
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produced a 30 p e r c e n t  y i e l d  of  t he  d e s i r e d  compound: 
108-11OoC/0.8 t o r r .  

b o i l i n g  p o i n t  = 

% H  % S i  
Analys is  Theory 68.29 8.94 22.76 

Found 66'. 02 8.99 21.18 

- % C  

Synthes is  of  1,4-bis(allyldimethylsilyl)-benzene (111)---The a l l y l  
magnesium ch lo r ide  used i n  t h i s  r e a c t i o n  was prepared  a s  fo l lows:  

One mol-equiva len t  of magnesium t u r n i n g s  was p laced  i n  a d r i e d ,  
n i t rogen-swept  f l a s k  f i t t e d  wi th  a r e f l u x  condenser  and e q u i l i b r a t i n g  
f u n n e l ;  one mol-equivalent  of f r e s h l y - d i s t i l l e d  a l l y l  c h l o r i d e  i n  
anhydrous e t h e r  was added t o  the  f l a s k  u n t i l  approximately 10 m l  were 
p r e s e n t .  A c r y s t a l  of i od ine  then was added, and t h e  r e a c t i o n  s t a r t e d  
v i g o r o u s l y .  The a d d i t i o n  r e q u i r e d  approximately 1 . 5  hours  pe r  mol of 
h a l i d e  employed. The r e a c t i o n  mixture  then  was r e f l u x e d  t h r e e  hour s  
and f i l t e r e d  under n i t r o g e n .  

Two mol-equiva len ts  of the  a l l y l  magnesium c h l o r i d e  i n  e t h e r  were 
placed i n  a d r i ed  n i t rogen-swept  r e a c t i o n  f l a s k  which was f i t t e d  wi th  
a r e f l u x  condenser and s t i r r e r .  The y i e l d  was c a l c u l a t e d  from the  
unreac ted  magnesium, and, from t h i s ,  t he  r e q u i r e d  mol-equiva len ts  of 
1,4-bis(chlorodimethylsilyl) -benzene (I) were c a l c u l a t e d .  

One mol-equivalent  of (I) i n  anhydrous e t h e r  was added dropwise 
t o  t h e  con ten t s  of t h e  f l a s k  under r e f l u x i n g  c o n d i t i o n s .  A time of addi -  
t i o n  corresponding t o  one hour pe r  mol of (I) was used ,  followed by 
r e f l u x i n g  f o r  t h r e e  a d d i t i o n a l  hour s .  Workup of t h e  r e a c t i o n  mixture  
e x a c t l y  a s  descr ibed  f o r  compound (11) produced a 30 p e r c e n t  y i e l d  of 
c l e a r  , c o l o r l e s s  l i q u i d  b o i l i n g  a t  102-105"C/0.6 t o r r .  
spectrum ind ica t ed  t h a t  t he  expected bonds were p r e s e n t .  

The i n f r a r e d  

% S i  
Analys is  Theory 20.44 

Found 20.4 

Syn thes i s  of 1,4-bis(l,l-dimethyl-3-vinyl-3,3-dimethyldisiloxanyl)- 
benzene (1V)---The s y n t h e s i s  of compound ( I V )  was a t tempted  through 
r e a c t i o n  of 1,4-bis(hydroxydimethylsilyl)-benzene w i t h  ch lorodimethyl -  
v i n y l s i l a n e .  

Syn thes i s  of lY4-bis(hydroxydime thy l s i ly1 )benzene  ( r e f .  4)---Ten 
grams of 1,4-bis(chlorodimethylsilyl)-benzene i n  250 m l  o f  e t h e r  were 
cooled t o  0°C and added r a p i d l y  wi th  v igo rous  shak ing  t o  a cooled s o l u t i o n  
of 250 m l  of concent ra ted  NH4OH, 250 m l  of w a t e r ,  and  250 m l  o f  e t h e r .  
The mixture  was allowed t o  s t and  15 minutes ;  t hen  t h e  e t h e r  l a y e r  was 
recovered  and concent ra ted  u n t i l  p r e c i p i t a t i o n  occur red .  The s o l i d  was 
recovered  and washed twice wi th  "-hexane which had been c h i l l e d  wi th  d r y  
i ce -ace tone .  
135-136OC. 

A 75 pe rcen t  y i e l d  of  t he  d i o l  was recovered:  Me l t ing  p o i n t  = 
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Syn thes i s  of chlorodimethylvinylsilane---Freshly d i s t i l l e d  
ethoxydimethylvinylsilane was t r e a t e d  wi th  a s t ream of anhydrous H C 1  f o r  
one hour  a t  -5°C. The s o l u t i o n  was d i s t i l l e d  t o  g ive  a 50 p e r c e n t  y i e l d  
of t he  d e s i r e d  c h l o r i d e :  b o i l i n g  po in t  = 75OC/760 t o r r .  

The s y n t h e s i s  of compound (IV) was c a r r i e d  o u t  a s  fo l lows :  Two mol- 
e q u i v a l e n t s  of chlorodimethylvinylsilane 
s t i r r e d  n i t rogen- f lushed  f l a s k  which was cooled t o  0°C. 
con t a  i n i n g  one mol-equiva l e n t  of  1 , 4 - b i s  (hydroxydime t h y l s  i l y  1) -benzene 
and one mol-equiva len t  of  anhydrous p y r i d i n e  i n  e t h e r  was added dropwise 
t o  the  r e a c t i o n  f l a s k .  A f t e r  t h e  a d d i t i o n  was completed,  t h e  r e a c t i o n  
mixture  was r e f l u x e d  f o r  one hour  and f i l t e r e d  t o  remove p y r i d i n e  hydro- 
c h l o r i d e .  A w h i t e ,  waxy s o l i d  was recovered ,  which mel ted  a t  40-50°C. 
Due t o  t h e  polymeric  n a t u r e  of compound (IV),  d i s t i l l a t i o n  could  n o t  be 
e f f e c t e d ,  no r  could i t  be r e c r y s t a l l i z e d .  

i n  e t h e r  were p laced  i n  a 
A s o l u t i o n  

% H  % S i  

Found 53.18 7.40 27.0 

-- % C  - 
Analys is  Theory 54.82 8.63 28.42 

S y n t h e s i s  of 1,4-bis(epoxyethyldimethylsilyl)-benzene (V)---One mol- 
e q u i v a l e n t  of  compound (11) was d i s so lved  i n  chloroform and p laced  i n  a 
s t i r r e d  r e a c t i o n  f l a s k .  Two mol-equiva len ts  of E-chloroperbenaoic  a c i d  
i n  ch loroform were added dropwise a t  25°C a t  such a r a t e  a s  t o  m a i n t a i n  
t h e  r e a c t i o n  tempera ture  between 25-30°C. A f t e r  the  a d d i t i o n  was completed,  
excess p e r a c i d  was des t royed  by the a d d i t i o n  of 10 p e r c e n t  sodium s u l f i t e  
u n t i l  an  a l i q u o t  which was t e s t e d  wi th  sodium iodide  s o l u t i o n  was c o l o r l e s s .  
The mixture  was washed twice w i t h  10 p e r c e n t  sodium b ica rbona te  and once 
w i t h  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n .  E x t r a c t i o n  wi th  e t h e r  y i e lded  
a p a l e  yel low v i s c o u s  l i q u i d  which was f r a c t i o n a t e d  a t  70-75"C/O. 075 t o r r .  

% C  % H  % S i  
Analys is  Theory 60.43  7.91  20.14 

Found 60.92 7.97 17.0 

Cure S t u d i e s . -  Formulat ion and cu re  s t u d i e s  have been i n i t i a t e d  on 
1,4-bis(epoxyethyldimethylsilyl)-benzene (11). Four c u r i n g  agen t s  a r e  
be ing  eva lua ted  t o  polymerize t h e  m a t e r i a l  t o  a s o l i d  polymer: 

2. N,N'-dimethylethylenediamine 

3 .  t r i e t h y l e n e t e  t ramine 

4 .  methylene-bis(2-chloroaniline) 

The c u r e  s t u d i e s  were made under t h e  c o n d i t i o n s  imposed i n  Table I .  
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Table I.- Cure Condit ions f o r  Po lymer i za t ion  of 1,4-bis(epoxyethyldimethyl- 
si ly1)-benzene 

EPOXY 
Monomer I Amine Temperature Degree 
E q u i v a l e n t s  D e  s igna  t i o n  Equ iva len t s  Time (Hours) ("C) of Cure 

0.01 (1) 0.01 48 100 Gas e v o l u t i o n ;  
no c u r e  

0.01 (2) 0.01 48 100 No cu re  

0.01 ( 3 )  0.0025 48 LOO No c u r e  

0.01 (4) 0.005 24 115 S t i f f  , 
s o l i d  r e s i n  

Urethane-Siloxane Copolymers S y n t h e s i s  

T h e o r e t i c a l  B a s i s .  - A s e r i e s  of u re thane - s i loxane  copolymers h a s  
been syn thes i zed  toward f u l f i l l m e n t  of the conformal c o a t i n g  program. 
The theo ry  followed i s  t h a t  m a t e r i a l s  of improved l o w  temperature  f l e x i -  
b i l i t y  and d i e l e c t r i c  p r o p e r t i e s  may be syn thes i zed  from po lymer i za t ion  
of d i i s o c y a n a t e s  and s i l o x a n e  d i o l s .  P rev ious  i n v e s t i g a t i o n s  ( r e f .  1) 
have shown t h a t  c h a r a c t e r i z a b l e  polymeric m a t e r i a l s  form from t h i s  
r e a c t i o n  and t h a t  they possess  f i l m  and f ibe r - fo rming  p r o p e r t i e s .  A 
s e r i e s  of s i l oxane  g l y c o l s  based upon the  fo l lowing  g e n e r a l  s t r u c t u r e  

HO - R + S ~  - o + S i  - R - OH 

h a s  been syn thes i zed  t o  i n c o r p o r a t e  the  f l e x i b l e  S i -0 -S i  moiety i n t o  a 
u r e  thane - type polymer . 

Three d i o l s  were prepared d u r i n g  t h i s  s t u d y  a s  shown below: 
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(1) bis ( h y d r o x y m e t h y l )  - t e t r a m e  t hy ld i s i loxane  

YH3 CH3 CH3 
I 1 

C l C H  S i - O - S i C H  C 1  
2 

C 1 C H 2 S i  - C 1  = 
I 2 1  I 

CH 
3 

CH3 I 7H3 

CH3 CH3 

I 
J/ CH3 CH3 

I I 
CH3COCH2S i- 0- S i C H  OCCH 

I I I I 2 1 1  - II 
0 

HOCH2Si-O-S iCH20H 

CH3 CH3 0 CH3 CH3 

(2) b i s  ( h y d r o x y m e . t h y 1 )  - h e x a m e  t h y l t r - i s  iloxane 

C l C H  S i  - C 1  CH3 I YH3 y3 

C1CH2Si -O-S i -O-S i  CH C 1  2 '  Z 1 - S i - C 1  
-1 2 I I I 1  I 

CH3 y 3  /T CH3 rl" CH3 

C l C H  S i - C 1  
2 l  

0 0 CH CH CH 0 
I1 l 3  l 3  l 3  11 

> 2 3  2 l  I I  3 1  

/ 

0 0 CH3 / CH3 

li II I I I  
CH C - O S i - 0  - C CH CH C-OCH - S i - O - S i - O - S i C H  OCCH CH C-OH 

3 3 3 
I1 

3 
CH3 CH3 CH 

CH3 

y 3  y 3  CH3 I 

HOCH Si-O-Si-O-Si CH OH 
2 I 1  I 2 

CH3 CH3 CH3 
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Both d i o l s  (1) and (2)  a r e  formed from the  r e s p e c t i v e  bis(chloromethy1)  
s i l o x a n e s  by way of t h e  ace toxy-de r iva t ives .  
two d i f f e r e n t  methods. Method 1 u t i l i z e d  t h e  cohydro lys i s  technique ,  
which i s  accompanied by s e v e r a l  compe t i t i ve  r e a c t i o n s .  A more e f f i c i e n t  
mechanism involves  the  d i ace toxyd ime thy l s i l ane  in t e rmed ia t e  which 
condenses wi th  t h e  c h l o r o s i l a n e  t o  s p l i t  o u t  a c e t y l  c h l o r i d e .  Py r id ine  
was found t o  f a c i l i t a t e  t he  condensa t ion  by complexing t h e  a c e t y l  c h l o r i d e  
a s  an  in so lub le  p r e c i p i t a t e .  Method 2 ,  i n  which a l l  s t e p s  a r e  non-aqueous, 
produced d i o l  ( 2 )  i n  a s i g n i f i c a n t l y  h ighe r  y i e l d  than  does Nethod 1. I n  
an  a t t empt  t o  lengthen  the  s i l oxane  c h a i n  i n  t h i s  type of diol .  t o  t he  
t e t r a s i l o x a n e ,  bis(ch1oro)-tetramethyldisiloxane was s u b s t i t u t e d  f o r  
d i ch lo rod ime thy l s i l ane  i n  Scheme I1 of the  d i o l  ( 2 )  mechanism. The 
product  i n d i c a t e d  a chemical  r e a c t i o n  wi th  d i i s o c y a n a t e  b u t  appeared 
t o  be incompatible  s i n c e  two l i q u i d  phases  were p r e s e n t .  T h i s  d i o l  was 
n o t  c h a r a c t e r i z e d  since the  s i l i c o n  c o n t e n t  appeared too  h igh  t o  produce 
a homogeneous product  w i th  the  d i i s o c y a n a t e .  P a r a l l e l  i n v e s t i g a t i o n s  
by the  suppor t ing  c o n t r a c t o r  have suppor ted  t h i s  reasoning .  

D io l  (2)  was prepared  by 

(3) bis(hydroxyethoxymethy1)-tetramethyldisiloxane 

Syn thes i s  of t h i s  d i o l  probably proceeds  through t h e  fo l lowing  
mechanism (ref.  5) 

CH3 CH3 
I 1  

I 1  I 

C l C H 2 S i - O - S i  CH + NaOCH2CH20H 2 

CH3 CH3 

H CH2Cl 

CH3 I 
lOCH CH OCH S i  -OH + NaOSi CH20CH CH OH 

2 2  2 2 2 1  I 

+ 
H 

CH3 I 
,0CH2S i- 

3 
I 

CH 

CH3 
\ 

CH3 

+ NaCl 

CH2 
CH 

3 \  / \ 
H O  + , S i  0 

CH I I 2 

CH2 
3 0  

\ /  
S i  

m3 I 
-Sic1 

I 

3 
CH 

,0CH2CH20H 



The condensa t ion  i s  a lmost  c e r t a i n l y  concomitant w i t h  S i - 0  bond c leavage  
by the s t r o n g l y  b a s i c  e thy lene  g lyco l  s a l t .  Reported a t t e m p t s  t o  s y n t h e s i z e  
the analogous d i o l  of b i s  (chlorome t h y l )  -hexame t h y l t r i s i l o x a n e  by t h i s  
procedure produced on ly  the d i s i l o x a n e  d i o l ,  which i n d i c a t e s  t h a t  any 
in t e rmed ia t e  h i g h e r  s i l o x a n e  l eng th  i s  degraded by the s t r o n g  base t o  
a d i s i l o x a n e  p roduc t .  

The p r e v i o u s l y  desc r ibed  d i o l s  polymerize l i n e a r l y  w i t h  v a r i o u s  
d i i s o c y a n a t e s  a t  a r a t e  roughly e q u i v a l e n t  t o  t h a t  of a l i p h a t i c  d i o l s .  
The observed change i n  v i s c o s i t y  of the  m e l t  w i t h  t i m e  was used a s  a 
rough index of  the  r a t e  of po lymer iza t ion .  Reac t ion  appeared t o  i n i t i a t e  
a t  room tempera ture  w i t h  o r  wi thout  an o r g a n i c  base c a t a l y s t  when a romat i c  
d i i s o c y a n a t e s  were employed. The reduced r e a c t i v i t y  of  the a l i p h a t i c  
d i i s o c y a n a t e  was evidenced c l e a r l y  by t h e  requi rement  of e l e v a t e d  temper- 
a t u r e s  and c a t a l y s t  f o r  i n i t i a t i o n .  

The mechanism i m p l i c i t  i n  t h i s  po lymer i za t ion  may be viewed i n  terms 
of the  analogous monofunctional d e r i v a t i v e s  ( r e f .  6 ) .  Consider t h e  
resonance extremes of the isocyanate  group w i t h  i n i t i a l  a t t a c k  by the  
t e r t i a r y  amine c a t a l y s t  a t  the p o s i t i v e  epd of t h e  carbonyl  d i p o l e :  

330 .. 
R - N = C - O  - a R - N = C = O  

01 

e. s -  O 
NR 

3 

I 
/ 

/ I  R' H I 

- 1  .+. I 
I NR3 1 

3 

R' 
I 

H O  
I t  

R - N - C = O  

3 
+:NR 

The weakly b a s i c  a l c o h o l  group tends t o  a c t  a s  a p seudo-ca ta lys t ,  r e l i e v i n g  
the  p o s i t i v e  charge on Lire carbon. The r e a c t i v i t y  of  d i o l s  (1) and (2)  
appea r s  t o  be in f luenced  t o  some degree by t h e  s i l i c o n ;  i . e . ,  the  hydroxyl 
of t h e  - S i  - CH2-OH seems t o  be more b a s i c  than i t s  a l i p h a t i c  c o u n t e r p a r t  
a s  evidenced by i t s  g r e a t e r  r e a c t i v i t y  wi th  the i socyana te .  The r e a c t i v i t y  
of d i o l  (3)  is  approximate ly  equa l  t o  t h a t  of anPlogous a l i p h a t i c  g l y c o l s .  
D i o l s  (1) and (2) appear t o  r e a c t  w i t h  d i i s o c y a n a t e s  a t  s l i g h t l y  lowei 
tempera tures  than d i o l  (3)  when a l l  o t h e r  parameters  a r e  e q u i v a l e n t .  It 
i s  sugges ted  t h a t  the  s i l i c o n  imparts a more b a s i c  k f l u e n c e  t o  the 
a l c o h o l  through a p o s i t i v e  induc t ion  e f f e c t .  Th i s  i s  s u b s t a n t i a t e d  i n  
the  case  of amines and a c i d s  ( r e f .  2) where the r e l a t i v e  b a s i c i t y  of the  
-C-CH2-X v e r s u s  -Si-CH2-X group i s  compared. 
i s  shnwn t o  be s i g n i f i c a n t l y  more b a s i c .  

The o r g a n o - s i l i c o n  d e r i v a t i v e  
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Experimental .  - 
Syn thes i s  of bis(hydroxymethyl)-tetramethyldisiloxane---Chloromethyl 

d ime thy lch lo ros i l ane  ( b o i l i n g  p o i n t  = 115°C/760 t o r r )  was hydrolyzed by a 
dropwise a d d i t i o n  t o  excess  10 pe rcen t  aqueous sodium b ica rbona te  s o l u t i o n  
a t  25OC over  a pe r iod  of  one hour  f o r  each mole of s i l a n e  used.  E x t r a c t i o n  
of  t h e  mixture  w i t h  e t h e r  and subsequent  removal of  t he  s o l v e n t  produced 
a 90 p e r c e n t  y i e l d  of  b i s  (chloromethy1)-tetramethyldisiloxane (I) : 
b o i l i n g  p o i n t  = 204"C/760 t o r r ,  n80 = 1.4389. One mol-equiva len t  of (I) 
was r e a c t e d  wi th  two mol-equiva len ts  of  potassium a c e t a t e ,  two mol- 
e q u i v a l e n t s  o f  a c e t i c  a c i d ,  and l p e r c e n t  by weight  a c e t i c  anhydride 
f o r  s ix  hours  a t  a c e t i c  a c i d  r e f l u x  t o  produce bis-(acetoxymethy1)-  
t e t r ame thy ld i s i loxane  (11) i n  60 pe rcen t  y i e l d :  

Compound (11) was s t i r r e d  w i t h  excess  anhydrous methanol 
f o r  two hours  whi le  anhydrous hydrogen c h l o r i d e  gas  was bubbled through 
t h e  r e a c t i o n  mix tu re .  The mixture  then  was allowed t o  s t a n d  f o r  24 hour s  
a t  25°C. Subsequent d i s t i l l a t i o n  of t h e  methyl  a c e t a t e  by-product  and 
r e s i d u a l  methanol a t  reduced p r e s s u r e  l e f t  t he  d e s i r e d  bis(hydroxymethy1)- 
t e t r ame thy ld i s i loxane  i n  65 p e r c e n t  y i e l d .  The d i o l  was f r a c t i o n a t e d ,  
and t h e  f r a c t i o n  b o i l i n g  a t  70-75"C/2 t o r r  was c o l l e c t e d .  
of t h e  d i o l  supported the  d e s i r e d  s t r u c t u r e .  

b o i l i n g  p o i n t  7OoC/0.5 t o r r ,  
2o = 1.4240. nD 

I n f r a r e d  a n a l y s i s  

S yn t h e  s i s  o f  b i s (hydr oxyme thy 1 )  - hexame thy  1 t r i s i loxane - - -Two 
s y n t h e t i c  methods were employed t o  produce the  d e s i r e d  d i o l .  

Method 1: Method 1 involved cohydro lys i s  of one mol-equiva len t  
dime thy ld  i c h l o r o s  i l a n e  wi th  two mo l - equ iva  l e n  t s chlorome thy  I d  ime thy lch lo ro -  
s i l a n e  by dropwise a d d i t i o n  of an  e t h e r  s o l u t i o n  of t h e s e  r e a c t a n t s  t o  
an  excess  10 pe rcen t  aqueous sodium b ica rbona te  s o l u t i o n  a t  25°C a t  a 
r a t e  necessary  t o  ma in ta in  g e n t l e  e t h e r  r e f l u x .  
of t he  e t h e r  l a y e r  produced a 30 p e r c e n t  y i e l d  of b i s (ch loromethy1)-  
hexamethy l t r i s i l oxane  (I) : 
One mol-equivalent  of  compound (I) was r e f l u x e d  w i t h  one mol-equiva len t  of  
g l a c i a l  a c e t i c  a c i d ,  1 mol-equiva len t  of po tass ium a c e t a t e ,  and one p e r c e n t  
by weight  of  a c e t i c  anhydride f o r  6 hours .  Workup and d i s t i l l a t i o n  of 
t h e  reac t ion-mixture  y i e lded  bis(acetoxymethy1)-hexamethyltrisiloxane (11) : 
b o i l i n g  p o i n t  = 158-162"C/O.l t o r r .  
anhydrous methanol and anhydrous hydrogen c h l o r i d e  f o r  two hour s .  The 
mixture  was allowed t o  s t and  24 h o u r s ,  fol lowed by d i s t i l l a t i o n  of t h e  
methyl  a c e t a t e  a t  reduced p r e s s u r e .  Fresh methanol  t hen  was added, and 
the  s o l u t i o n  was t r e a t e d  w i t h  hydrogen c h l o r i d e  a g a i n .  A f t e r  24 hour s ,  t he  
s o l u t i o n  was d i s t i l l e d  under  vacuum t o  remove methyl  a c e t a t e  and excess  
methanol .  'The r e s u l t i n g  r e s i d u e  was determined t o  be bis(hydroxymethy1- 
hexamethy1) t r i s i loxane .  
r e p r e s e n t e d  a 25 pe rcen t  y i e l d .  The i n f r a r e d  a n a l y s i s  showed the  presence  
of t he  expected abso rp t ion  bands.  

Recovery and d i s t i l l a t i o n  

b o i l i n g  p o i n t  57-6OoC/0.6 t o r r ,  ngO = 1.4278. 

Compound (11) was t r e a t e d  w i t h  excess 

The product  b o i l e d  a t  105-108"C/0.6 t o r r  and 

Method 2: A s o l u t i o n  of one mol-equiva len t  of d i m e t h y l d i c h l o r o s i l a n e  
and two mol-equiva len ts  of  anhydrous p y r i d i n e  i n  e t h e r  was p laced  i n  a 
d r i e d  n i t rogen-swept  f l a s k .  
i n  e t h e r  were added dropwise a t  such a r a t e  t h a t  g e n t l e  e t h e r  r e f l u x  was 
main ta ined .  Removal of t h e  p y r i d i n e  hydroch lo r ide  and e t h e r  l e f t  a 
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l i q u i d  r e s i d u e  which d i s t i l l e d  a t  160-163"C/760 t o r r .  A y i e l d  of 56 
percen t  of  d i ace toxyd ime thy l s i l ane  (I) was ob ta ined .  I n f r a r e d  a n a l y s i s  
supported t h e  d e s i r e d  s t r u c t u r e .  One mol-equiva len t  of  (I) i n  e t h e r  
was added dropwise t o  a s t i r r e d  s o l u t i o n  of two mol-equiva len ts  of 
chlorome thyldime t h y l c h l o r o s  i l a n e  and two mol-equiva l e n t s  of  p y r i d i n e  
i n  e t h e r  wh i l e  t he  mixture  was heated a t  e t h e r  r e f l u x .  A py r id ine -  
a c e t y l  c h l o r i d e  complex p r e c i p i t a t e d  from t h e  r e a c t i o n  and subsequent ly  
was removed by f i l t r a t i o n .  The r e s i d u a l  bis(chloromethy1)-hexamethyl- 
t r i s i l o x a n e  (11) was d i s t i l l e d  a t  50-53"C/0.5 t o r r .  S y n t h e s i s  of  t h e  
corresponding d i o l  from t h i s  s t e p  proceeded e x a c t l y  a s  o u t l i n e d  i n  
Method 1. The y i e l d  of d i o l  fromMethod 2 was approximately 35 p e r c e n t .  

Method 2 o f f e r s  a s i g n i f i c a n t l y  h i g h e r  y i e l d  of the  d i o l  than  
Method 1. The l a t t e r  method involves  s e v e r a l  compe t i t i ve  r e a c t i o n s  i n  
the cohydro lys i s  s t e p .  

% C  % H  %Si  
Analys is  Theory 35.82 8.95 31.34 

Found 35.02 8.56 27.28 

Syn the  s i s  of b i s  (hydroxye thoxyme thy  1) - t e  t rame thy l d i s  i loxane - - - 
Bis(chloromethy1)-tetramethyldisiloxane (I) was prepared  by the  method 
desc r ibed  on page twelve.  One mol-equiva len t  of compound I was 
added dropwise w i t h  s t i r r i n g  t o  two mol-equiva len ts  o f  e t h y l e n e  g l y c o l  
monosodium s a l t .  
n i t r o g e n  flow was main ta ined  through t h e  r e a c t i o n  f l a s k .  Fol lowing t h e  
a d d i t i o n ,  t h e  tempera ture  was increased  t o  100°C f o r  f i v e  hour s .  
mix ture  was e x t r a c t e d  w i t h  e t h e r  s e v e r a l  t i m e s  and t h e  e x t r a c t s  combined. 
The e t h e r e a l  s o l u t i o n  was concent ra ted  and t h e  r e s i d u e  hydrolyzed w i t h  
an e q u a l  volume of water  which had been a c i d i f i e d  w i t h  hydrogen c h l o r i d e  
t o  g ive  a f a i n t  r e d  r e a c t i o n  to  Hydrion paper .  The h y d r o l y s i s  mixture  
was s t i r r e d  a t  6OoC f o r  t h r e e  hours ,  then  e x t r a c t e d  w i t h  e t h e r ,  d r i e d ,  
and concen t r a t ed  under vacuum. D i s t i l l a t i o n  produc a 30 p e r c e n t  y i e l d  
of pure d i o l :  b o i l i n g  p o i n t  = 130-133"C/2'torrY n:' = 1.4444. 

The r e a c t i o n  temperature  was he ld  a t  80"C, and a c o n s t a n t  

The 

Polymer iza t ion  of d i o l  (1) with toluene-2,4-diisocyanate---One 
mol-equivalent  o f  toluene-2,4-diisocyanate and one mol-equiva len t  of 
d i o l  (1) were p laced  i n  a d r i e d ,  n i t rogen-swept ,  s t i r r e d  r e a c t i o n  f l a s k .  
One drop  of t r i e t h y i a m i n e  w a s  added, a d  t h e  F Q L y w r i z a t i o n  proceeded 
v igo rous ly  a t  25°C t o  a s o l i d  g l a s s .  
a m e l t  a t  100°C f o r  one-half  hour ,  wh i l e  vacuum was app l i ed  t o  remove 
en t rapped  a i r .  

The polymer then  was hea ted  i n t o  

T h i s  m a t e r i a l  sof tened  a t  about  60°C. 
% C  % H  % S i  % N  % O  

Analys is  Theory 48.91 6.52 15.22 7.61 21.74 
Found 51.06 6.44 14.20 7.96 20.50 

Polymer iza t ion  of d i o l  (1) with methylene-bis(4-phenyl)-isocyanate--- 
Equimolar q u a n t i t i e s  of d i o l  (1) and methylene-bis(4-phenyl)-isocyanate 
were placed i n  a d r i e d ,  n i t rogen-swept ,  s t i r r e d  r e a c t i o n  f l a s k  a t  25°C 
w i t h  one d rop  of t r i e t h y l a m i n e .  The o i l - b a t h  temperature  was r a i s e d  t o  
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60°C f o r  15 minutes .  A t  t h i s  p o i n t ,  t he  mixture  polymerized t o  a v i s c o s i t y  
which prevented f u r t h e r  s t i r r i n g .  
and a vacuum (3 t o r r )  was app l i ed  f o r  one-half  hour .  The polymer m e l t  
was cooled t o  25OC where i t  became a b r i t t l e  g l a s s .  

The temperature  was inc reased  t o  100°C 

% C  % H  % S i  % N  
Analys is  Theory 56.76 6.31 12.61 6.31 

Found 57.12 6.51 12.81 6.82 

---- 

Polymer iza t ion  of d i o l  (3) w i t h  hexamethylene d i i socyana te - - -  
Equimolar q u a n t i t i e s  of  d i o l  (3) and hexamethylene d i i s o c y a n a t e  were 
added t o  a d r i e d ,  n i t rogen-swept ,  s t i r r e d  r e a c t i o n  v e s s e l .  One drop  of 
t r i e thy lamine  was added, and t h e  o i l  b a t h  tempera ture  was inc reased  
t o  60°C. No apparent  change i n  v i s c o s i t y  was observed,  and the  temper- 
a t u r e  aga in  was increased  t o  100°C. 
t he  me l t  v i s c o s i t y  increased  s i g n i f i c a n t l y .  The polymer was hea ted  f o r  
an  a d d i t i o n a l  two hour s ,  w i t h  a vacuum maintained d u r i n g  the  l a s t  h a l f  
hour .  The cooled polymer m e l t  was an ex t remely  s t i c k y  v i s c o u s  l i q u i d :  

A f t e r  15 minutes  a t  t h i s  tempera ture ,  

% C  % H  % S i  % N  % O  --- -- 
Analys is  Theory 48.00 8.44 12.44 6.22 24.89 

Found 46.93 8.44 13.70 6.91 23.20 

Polymer iza t ion  of d i o l  (3 )  w i t h  methylene-bis(4-phenyl)-isocyanate--- 
Equimolar q u a n t i t i e s  of d i o 1  (3) and methylene - b i s  (4-phenyl)  - i socyana te  
were added t o  a d r i e d ,  s t i r r e d ,  n i t rogen-swept  r e a c t i o n  f l a s k .  One drop 
of t r i e thy lamine  was added, and t h e  o i l - b a t h  tempera ture  was r a i s e d  t o  
60°C. 
The m e l t  temperature  was i n c r e a s e d  s lowly t o  100°C and h e l d  f o r  one hour ,  
followed by a p p l i c a t i o n  of vacuum f o r  one-ha l f  hour .  The cooled  polymer 
m e l t  was a n  amorphous g l a s s  a t  25°C from which s t r o n g ,  f l e x i b l e  f i b e r s  
could  be pu l l ed .  The polymer was s o l u b l e  i n  h o t  dimethylformamide, and 
t r a n s p a r e n t  f l e x i b l e  f i lms  could be c a s t  on aluminum from t h i s  s o l u t i o n .  

Polymer iza t ion  was i n i t i a t e d  a f t e r  f i v e  minutes  a t  t h i s  tempera ture .  

% C  % H  % S i  % N  % O  ----- 
Ana 1 ys  i s  The o r  y 56.37 6.77 10.53 5.26 21.05 

Found 57.52 6.77 9.90 7.04 21.00 

Polymer iza t ion  of d i o l  (2) wi th  hexamethylene d i i s o c y a n a t e - - -  
Equimolar q u a n t i t i e s  of d i o l  (2) and hexamethylene d i i s o c y a n a t e  were 
added t o  a d r i e d ,  s t i r r e d ,  n i t rogen-swept  r e a c t i o n  f l a s k .  One drop  of 
t r i e t h y l a m i n e  was added, and t h e  o i l - b a t h  tempera ture  was r a i s e d  s lowly  
t o  60°C. The r e a c t i o n  was i n i t i a t e d  a f t e r  15 minutes  a t  t h i s  tempera ture ,  
and the  r ap id  inc rease  i n  m e l t  v i s c o s i t y  i n d i c a t e d  a r e l a t i v e l y  h igh  
r e a c t i o n  r a t e .  The polymer iza t ion  was he ld  a t  60°C f o r  1-1/2 h o u r s ;  
then  vacuum was app l i ed  f o r  one-half  hour .  The cooled  polymer was a n  
ex t remely  v iscous  l i q u i d  which remained tacky  a f t e r  be ing  c a s t  a s  a f i l m  
from dimethylformamide. 
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Polymer iza t ion  of d i o l  (2)  w i t h  methylene-bis(4-phenyl)isocyanate--- 
Equimolar q u a n t i t i e s  of d i o l  (2)  and methylene-b is  (4-phenyl i socyanate)  
were p laced  i n  a d r i e d ,  s t i r r e d ,  nitrogen-swept r e a c t i o n  v e s s e l .  One 
drop  of t r i e t h y l a m i n e  was added, and t h e  o i l - b a t h  tempera ture  was r a i s e d  
t o  60°C. The r e a c t i o n  was i n i t i a t e d  a f t e r  f i v e  minu tes ,  and the  temper- 
a t u r e  was inc reased  s lowly  t o  100°C where i t  was h e l d  f o r  two hours .  
Vacuum was a p p l i e d  d u r i n g  the l a s t  one-ha l f  hour .  The cooled polymer 
m e l t  was a g l a s s  a t  25°C which could form tough, f l e x i b l e  f i l m s  and 
f i b e r s .  The polymer was s o l u b l e  in  h o t  benzene and dimethylformamide. 

% C  % H  % S i  % N  - - - -  
Analys is  Theory 53 -28  6.56 16.22 5.40 

Found 53.56 6.86 16.17 6.67 

SUPPORTING CONTRACT RESEARCH 

P a r a l l e l  t o  the  i n t e r n a l  r e sea rch  e f f o r t  d i scussed  i n  the preceding  
s e c t i o n ,  the  Non-Metallic M a t e r i a l s  Branch h a s  main ta ined  a r e s e a r c h  
c o n t r a c t  w i th  Hughes A i r c r a f t  Company, Culver C i t y ,  C a l i f o r n i a ,  t o  
s tudy  r e l a t e d  a s p e c t s  of t h i s  problem a r e a .  Th i s  c o n t r a c t ,  NAS8-5499, 
e n t i t l e d  "Development of Improved P o t t i n g  and Encapsu la t ing  Compounds 
f o r  Space App l i ca t ions , "  was i n i t i a t e d  on June 29, 1963. The c o n t r a c t e d  
program is o r i e n t e d  toward achiev ing  e s s e n t i a l l y  the  same m a t e r i a l  
p r o p e r t i e s  w i t h  one added s t i p u l a t i o n .  The c o n t r a c t  s t i p u l a t e s  t h a t  the 
embedment and c o a t i n g  m a t e r i a l s  must  be capab le  of w i ths t and ing  the 
e x i g e n c i e s  of b i o l o g i c a l  s t e r i l i z a t i o n  by both  thermal and chemical 
methods. The major c o n t r i b u t o r s  t o  t h i s  c o n t r a c t e d  program a t  Hughes 
A i r c r a f t  Company have been M r .  R. B. Feuchtbaum and D r .  N .  Bilow. The 
fo l lowing  s e c t i o n s  of t h i s  r e p o r t  summarize t h e  s y n t h e t i c  a s p e c t s  of 
t h e  work accomplished t o  d a t e  by the Hughes A i r c r a f t  Company under 
c o n t r a c t .  For more d e t a i l e d  informat ion  on t h i s  program the t e c h n i c a l  
r e p o r t s  i s sued  by t h e  c o n t r a c t o r  should be  consu l t ed  ( r e f .  7 ) .  

Urethane-Siloxane Copolymer S y n t h e s i s  

T h e o r e t i c a l  Bas i s .  - The s y n t h e s i s  of s t a b l e  hydroxyl - te rmina ted  
p o l y s i l o x a n e s  of the g e n e r a l  s t r u c t u r e  

r CH3 1 1 
HO - R - O t ~ ~ 3 - f l  - R - OH 

X 
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h a s  been i n v e s t i g a t e d .  
t o  t h e  s t a b i l i t y  of t h i s  type of compound. A l l  m a t e r i a l s  of t h i s  type 
have been designed molecu la r ly  t o  avoid the  sequence of  a hydrogen atom 
i n  a b e t a  p o s i t i o n  r e l a t i v e  t o  the  s i l y l -oxygen :  

The n a t u r e  of t he  R group i s  cons idered  c r i t i c a l  

I 

I 
- S i  - 0 - CH2 - CH- 

2 

This  l inkage  i s  p a r t i c u l a r l y  s u s c e p t i b l e  t o  a c i d -  o r  base -ca t a lyzed  
c leavage  r e a c t i o n s  which lead  t o  deg rada t ion  of  t h e  c h a i n  by s p l i t t i n g  
o u t  o l e f i n i c  f ragments .  Thus, the  concept  of p l a c i n g  a t e r t i a r y  carbon 
i n  t h e  b e t a  p o s i t i o n  was in t roduced ,  e f f e c t i v e l y  b lock ing  the  o l e f i n  
pathway of degrada t ion .  These compounds, l,l,l-tris(hydroxymethy1)- 
propane, 2 ,  2-bis(hydroxymethyl)propaneY and bis(hydroxymethy1)- d iphenyl -  
e t h e r ,  were s t u d i e d  i n  a condensa t ion  wi th  d i e thoxyd ime thy l s i l ane  d e r i v -  
a t i v e s .  Polys i loxanes  cons i s ' t i ng  of a n  e q u i l i b r i u m  mixture  c o n t a i n i n g  
the  d e s i r e d  s i loxane  grouping were prepared by p a r t i a l  h y d r o l y s i s  of 
d ie thoxydimethyls i lane  w i t h  s t o i c h i o m e t r i c  q u a n t i t i e s  of w a t e r .  S i loxanes  
whose degree of po lymer iza t ion  v a r i e d  from one t o  f i v e  were produced by 
t h i s  method. An a c i d  ca t a lyzed  exchange r e a c t i o n  was then  c a r r i e d  o u t  
a s  fo l lows  

:H3 CH3 

Et0  - S i  - 0 - E t  + H O  - R - OH H (+> HO - R - 0 - S i  - 0 - R -OH 
I .\ + EtOH 

CH3 CH3 

t o  y i e l d  the  d e s i r e d  hydroxyl - te rmina ted  po lys i loxanes .  These monomers 
subsequent ly  have been r eac t ed  w i t h  excess  d i i s o c y a n a t e  i n  an e f f o r t  
t o  produce l i q u i d ,  i socyanate- te rmina ted  prepolymers .  Cons iderable  
d i f f i c u l t y  has been encountered a t  t h i s  s t e p  of t h e  s y n t h e s i s .  The 
1,1,l-tris(hydroxymethyl)-propane-based prepolymer tended t o  be g l a s s e s  
(mel t ing  po in t  about  120OC) and were too  h i g h l y  c r o s s l i n k e d  by the  c u r i n g  
r e a c t i o n s  t o  r e t a i n  f l e x i b i l i t y .  This  f a c t  prompted the  use of t h e  
2,2-bis(hydroxymethyl)-propane-based prepolymers i n  an e f f o r t  t o  achieve  
l i n e a r i t y .  A cons ide rab le  dec rease  i n  t h e  prepolymers m e l t i n g - p o i n t  
was observed;  however, a s  t h e  s i l o x a n e  b r idge  l e n g t h  was inc reased  t h e  
h e t e r o g e n e i t y  of the  s i l o x y  poly01 inc reased .  The t h i r d  hydroxyl  compound, 
bis(hydroxymethy1)-diphenyl e t h e r ,  t hen  was s t u d i e d  t o  de te rmine  t h e  degree  
of a r o m a t i c i t y  necessa ry  t o  promote c o m p a t i b i l i t y .  

The s y n t h e s i s  of d i s c r e t e  monomers of t h e  po lys i loxane  type presupposes  
t h e  concept  of a s t o i c h i o m e t r i c  r e a c t i o n .  U n f o r t u n a t e l y ,  t h i s  does n o t  
u s u a l l y  occur  where s i l o x a n e s  a r e  involved .  These compounds have an  
i n h e r e n t  tendency t o  form a mixture  of  monomer, d imer ,  t r i m e r ,  and h i g h e r  
polymers i n  a d d i t i o n  t o  t h e i r  tendency t o  c y c l i z e  t o  s ix-  and e i g h t -  
member r i n g s .  Thus, i n  any g iven  ac id -ca t a lyzed  t r a n s a l k o x y l a t i o n ,  t he  
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d r i v i n g  f o r c e  i n  t h e  r e a c t i o n  i s  s a t i s f i e d  on ly  by e q u i l i b r a t i o n  of t h e  
s i l o x a n e s  i n t o  a p a r t i c u l a r  molecular weight  d i s t r i b u t i o n  of l i n e a r  
molecules accompanie.' by a sma l l  amount of c y c l i c  i m p u r i t i e s .  It  has  
been demonstrated a u r i n g  t h i s  c o n t r a c t  i n v e s t i g a t i o n  t h a t ,  even though 
t e d i o u s  s e p a r a t i o n  techniques  such a s  f r a c t i o n a t i o n  and phase s e p a r a t i o n  
have been employed, the  s i l o x a n e s  tend t o  r e - e q u i l i b r a t e  t o  a f a i r l y  
p r e d i c t a b l e  molecular  weight  d i s t r i b u t i o n  fo l lowing  f r a c t i o n  s e p a r a t i o n .  
However, it should be understood t h a t  the poly(a lky1ene)  g l y c o l s  from 
which normal po lyu re thanes  a r e  synthes ized  r e p r e s e n t  a molecular  weight  
d i s t r i b u t i o n ,  and they a r e  n o t  d i s c r e t e ,  we l l -de f ined  monomers. 

Exper imenta l . -  The fo l lowing  exper imenta l  d e s c r i p t i o n  u s i n g  l,l,l- 
tris (hydroxyme t h y l )  -propane i s  t y p i c a l  of the g e n e r a l  s i l o x y - u r e  thane 
p r e p a r a t i o n .  
d i p h e n y l e t h e r  based-polymers were prepared by the  same g e n e r a l  p rocedure .  

The 2 ,2 -b i s  (hydroxymethy1)-propane and b i s  (hydroxymethy1)- 

Syn thes i s  of hydroxy-terminated polysiloxanes---A s e r i e s  of f i v e  
e thoxy- te rmina ted  po lys i loxanes  were prepared  by the  fo l lowing  procedure 
under t h e  c o n d i t i o n s  g iven  i n  Table 11: 

Table 11.- React ion  Conditions f o r  Syn thes i s  of Ethoxy-Terminated 
Po lys i loxanes  

(CH3) Si(OEt)2  H20 Re a c t i o n  Re a c t i o n  Ethoxy - t e r m  i n a  t e d 
fmols)  (mols) Time Temp. Po lys i loxane  Degree of 

(min.) ("c)  Po lymer i za t ion  

0.70 0 . 3 3  10 25 2 

0.60 0.40 10 25 3 

0.827 0.60 10 25 4 

0.50 0.40 10 25 5 

F r e s h l y  d i s t i l l e d  d i e thoxyd ime thy l s i l ane ,  w a t e r ,  and c a t a l y t i c  
amounts of a c e t i c  a c i d  were s t i r r e d  under the above c o n d i t i o n s  t o  produce 
e q u i l i b r i u m  p o l y s i l o x a n e s  c o n t a h i n g  the d e s i r e d  degree  of po lymer i za t ion .  
F r a c t i o n a l  d i s t i l l a t i o n  could no t  be e f f e c t e d  w i t h o u t  d r i v i n g  t h e  mix tu res  
toward c y c l i z a t i o n .  These zlaterials then were r e a c t e d  wi th  l , l , l - t r i s -  
(hydroxymethy1)-propane by the  procedure d i scussed  below and under the 
c o n d i t i o n s  i l l u s t r a t e d  i n  Table 111: 
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Table 111.- React ion  C o n d i t i o r s f o r  Syn thes i s  of l , l , l - t r i s ( h y d r o x y -  
methyl)-propane-based Po lys i loxane  Glycols  

I 18 

Ethoxy-Terminated Po lys i loxanes  Reac t ion  E t O H  Analyzed 
Degree of Polymeri-  Mols Glycol  Temp. Recovered, Hydroxyl - 
z a t i o n  J M o l s )  ("C) % of Theory Equ iva len t  

1 0.90 0.90 150 89 12 1 

2 0.35 0.50 150 99 102 

3 0.23 0.40 150 94 98 

4 0.175 0.45 150 96 12 1 

--- 5 0.14 0.20 150 98 

Each of t h e  e thoxy- te rmina ted  po lys i loxanes  was added dropwise t o  
a mixture  of molten l,l,l-tris(hydroxymethy1)-propane and c a t a l y t i c  
amounts of  g l a c i a l  a c e t i c  a c i d  under  the  c o n d i t i o n s  s t a t e d  i n  Table  11. 
The e t h a n o l  genera ted  by t h e  condensa t ion  was removed con t inuous ly  by 
d i s t i l l a t i o n  a s  the  r e a c t i o n  mixture  was hea ted  t o  150OC. The remainder 
of t h e  v o l a t i l e s  was removed from the  s i l o x y p o l y o l s  by evapora t ion  i n  a 
r o t a r y  f i lm- type  e v a p o r a t o r .  

Syn thes i s  of bis(hydroxyme thy1)d iphenyl -e ther -  te rmina ted  poly-  
s i l oxanes - - -  S i loxypo lyo l s  composed of d ipheny ld ie thoxys i l ane ,  phenyl- 
t r i e t h o x y s i l a n e ,  bis(ethoxy)-'tetraphenyldisiloxane, and b i s  (hydroxymethy1)- 
d iphenyl  e t h e r  were prepared  from the  procedure o u t l i n e d  i n  t h e  p reced ing  
s e c t i o n .  The p e r t i n e n t  r e a c t i o n  c o n d i t i o n s  a r e  summarized i n  Table  I V .  

Syn thes i s  of  u re thane - s i loxane  pre-polymers---  Each o f  t he  s i l o x y -  
p o l y o l s  d e s c r i b e d i n  Table  I V  was added dropwise t o  a s t i r r e d ,  n i t rogen-swept  
f l a s k  con ta in ing  a l a r g e  excess of tolylene-2,4-diisocyanate and a d rop  
of py r id ine .  
pe r iod  of one hour ;  du r ing  t h i s  t ime,  t h e  tempera ture  was inc reased  
g r a d u a l l y  t o  approximately 100°C. The excess t o l y l e n e  d i i s o c y a n a t e  
was removed by r o t a r y  e v a p o r a t i o n  a t  15OoC/2 t o r r .  

The a d d i t i o n  was i n i t i a t e d  a t  25°C and cont inued  over  a 



Table I V .  - React ion  Condi t ions  f o r  Syn thes i s  of bis(hydroxymethy1)- 
dipheny l e  t h e r  -based Polys i loxane Glycols  

D ipheny Id  i e  thoxys i l ane  
(mols) 

P h e n y l t r i e t h o x y s i l a n e  
(mols) 

D i e  thoxyte  t r apheny l -  
d i s  i loxane (mo 1 s ) 

B i s  (hydroxymethy1)- 
d i p h e n y l e t h e r  (mols) 

Reac t ion  Temperature 
("C) 

EtOH Recovered (%) 

Appearance 

S i loxypo lyo l  

1 2 3 

0.10 0.20 -- 

- -  0.033 0.018 

-- 0. l o  -- 

0.20 0.52 0.26 

160 120 110 

- -  100 100 

Viscous Viscous Viscoui  
1 iquid  l i q u i d  l i q u i d  
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Polymer Cure and Eva lua t ion . -  The s i l o x y p o l y o l s  prepared  i n  t h i s  
s tudy  were polymerized i n i t i a l l y  wi th  a s t anda rd  commercial i socyana te  
prepolymer.9; I n  t h i s  way, one s t anda rd  c o r e a c t a n t  was used t o  a s s e s s  
the  r e l a t i v e  r e a c t i v i t y  of t he  expe r imen ta l  s i l o x y p o l y o l s .  Fol lowing 
t h i s ,  t h e  b e s t  s i l o x y p o l y o l s  were formulated w i t h  monomeric d i i s o c y a n a t e s  
i n  a n  e f f o r t  t o  produce l i q u i d  u re thane - s i loxane  prepolymers c o n t a i n i n g  
an  excess  of f r e e  i socyanate  groups.  However, the  prepolymer m a t e r i a l s  
which were prepared proved t o  be g l a s s e s  a t  room tempera ture .  
of t h e s e  would r e q u i r e  me l t ing  the  prepolymer a t  some e l e v a t e d  tempera ture ,  
which would lower the pot  l i f e  o f  t h e  blend t o  an i m p r a c t i c a l  deg ree .  
Thus, t he  formula t ions  employed r ep resen ted  an a t t empt  t o  polymerize the  
s i l o x y p o l y o l  and t h e  i socyana te  d i r e c t l y  t o  a cured s o l i d .  The m a t e r i a l s  
which have shown the  g r e a t e s t  promise t o  d a t e  a r e  those  de r ived  from 
bis(hydroxymethy1)-diphenylether-terminated s i l o x y p o l y o l s .  The p e r t i n e n t  
d a t a  f o r  cure and e v a l u a t i o n  of the  b e s t  of t hese  m a t e r i a l s  a r e  compiled 
i n  Table V. 

Formulat ion 

Epoxy-Siloxane Copolymer S y n t h e s i s  

T h e o r e t i c a l  B a s i s . -  The suppor t ing  c o n t r a c t  r e s e a r c h  h a s  a l s o  been 
d i r e c t e d  toward t h e  development of an  epoxy polymer p r e c u r s o r ,  1 , 3 - b i s -  
(epoxypropylpheny1)-tetramethyldisiloxane, which c o n t a i n s  the  d i s i l o x a n e  
l inkage  a s  i l l u s t r a t e d  below: 

/ 
0 

y3 YH3 

R -  - C H - R  
C% 

CH3 CH3 

CH - CH2 

0 
\ /  

where R = -CH2-,  -CH2-0-, e t c .  

The s i l o x a n e  moiety i s  i n h e r e n t l y  the rma l lv  s t a b l e  and ex t r eme ly  f l e x i b l e ;  
i n  a d d i t i o n ,  it e x h i b i t s  f avorab le  d i e l e c t r i c  p r o p e r t i e s .  Thus, a n  
improved epoxy polymer would be p o t e n t i a l l y  o b t a i n a b l e  by t h i s  b a s i c  
a l t e r a t i o n  of t h e  polymer molecular  c o n f i g u r a t i o n .  
i n t e r n a l  program, t h i s  m a t e r i a l  concept  a l s o  i s  o r i e n t e d  toward a 
monomeric, d i f u n c t i o n a l  polymer p r e c u r s o r  which can be i s o l a t e d ,  c h a r a c t e r -  
i z e d ,  and polymerized s t o i c h i o m e t r i c a l l y  r a t h e r  t han  d e a l i n g  w i t h  p a r t i a l l y  
polymerized prepolymers.  
r i g i d  r a t h e r  than e l a s t o m e r i c  m a t e r i a l s .  An advantage i n  t h e  fo rmula t ion  
and c u r i n g  i s  achieved through t h e  reduced v i s c o s i t y  of t h e  p r e c u r s o r  
over  t h a t  o f  the prepolymer.  
and m a i n t a i n s  a workable v i s c o s i t y .  

A s  an  ana logy  t o  the  

Th i s  concept  may be used when d e a l i n g  wi th  

Th i s  a l lows  h i g h e r  f i l l e r / r e s i n  r a t i o s  

7k Adiprene L-315, t r ade  name of E .  I. Dupont de Nemours and Company 
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The s y n t h e t i c  scheme followed i n  p r e p a r a t i o n  o f  t h i s  m a t e r i a l  involved 
the  fo l lowing  s t e p s  : 

B r  

Br 

2 

3 1  3 
O E t  

6 -CH=CH2 

CH3- I i-CH3 
0 
I 

CH - i -CH 
3 ,  0 2 -C:=CH2 

H CH=CH2 4f CH =CHCH C 1  

B r  
(2) B r  

3 
CH 

I o-cH=cH2 I 

I 

( 4 )  

4- C 1 - S i - O E t  

MgB r 
CH3 

I 
0 
I 

CH3Q;CH 3 0 

/ \  
H -CH-CH2 

22 



S t e p  (2) of t h e  r e a c t i o n  sequence u t i l i z e d  the  e f f i c i e n t  condensa t ion  
between an a c t i v a t e d  h a l i d e  and a Grignard r e a g e n t .  Th i s  type of  con- 
d e n s a t i o n  was r epea ted  i n  s t e p  ( 4 ) ,  which demonst ra tes  t h e  p r e f e r e n t i a l  
r e a c t i v i t y  of a Grignard r eagen t  f o r  the s i l i c o n - h a l i d e  bond over  the  
s i l i c o n - a l k o x y  bond. S t e p  (5) proved t o  be the most c r i t i c a l  of the 
sequence. S e v e r a l  d i f f e r e n t  approaches t o  i n s e r t i o n  of the s i l o x a n e  
group had been i n v e s t i g a t e d ,  both i n  house and on c o n t r a c t .  Th i s  work 
l e a d s t o  t h e  conc lus ion  t h a t  t h e  formation of t h e  s e n s i t i v e  d i s i l o x a n e  
l i nkage  must occur a s  near  the end of  the  r e a c t i o n  sequence a s  p o s s i b l e .  
The o x i d a t i o n  of the  t e rmina l  o l e f i n i c  groups w i t h  a pe rac id  proceeds  
f a i r l y  smoothly; however, w i th  the p a r t i c u l a r  compound i l l u s t r a t e d ,  some 
Si-C bond c leavage  occurred  so the f i n a l  b i s -epoxide  h a s  n o t  been i s o l a t e d  
s a t i s f a c t o r i l y  i n  pure form. A m o d i f i c a t i o n  of the s t r u c t u r e  w i l l  be 
made t o  i n c o r p o r a t e  e i t h e r  one o r  two phenyl groups on the s i l i c o n  atom, 
thus  d i s t r i b u t i n g  the  charge d i f f e r e n c e  on the s i l i c o n - a r y l  bond among 
t h r e e  benzene groups.  It i s  be l ieved  t h a t  t h i s  m o d i f i c a t i o n  w i l l  
s u f f i c i e n t l y  s t a b i l i z e  the bond toward o x i d a t i v e  c leavage  so t h a t  pe rox i -  
d a t i o n  of the t e r m i n a l  o l e f i n  groups w i l l  leave the  molecule i n t a c t .  

The a t tempted  s y n t h e s i s  of an analogous compound, l Y 3 - b i s ( e p o x y -  
propoxypheny1)-tetramethyldisiloxane, h a s  n o t  been achieved through the 
same g e n e r a l  r e a c t i o n  sequence. One of t h e  i n t e r m e d i a t e s ,  p-bromo- 
p h e n y l a l l y l  e t h e r ,  underwent p r e f e r e n t i a l  a l l y l i c  rearrangement t o  2 - a l l y l -  
4-bromo-phenol, which i n h i b i t e d  the format ion  of a Grignard r e a g e n t  from 
the  e t h e r .  A subsequent a t t empt  i s  be ing  made p r e s e n t l y  t o  prepare  the  
Grignard from 4-bromo-2,6-dime t h y l a l l y l  e t h e r .  I n  t h i s  compound , the  
r i n g  p o s i t i o n s  which p r e v i o u s l y  promoted a l l y l i c  rearrangement a r e  blocked. 
The t o t a l  r e a c t i o n  sequence has  n o t  been completed f o r  t h i s  compound. 

A l t e r n a t e  a t t e m p t s  t o  inco rpora t e  s i l i c o n  i n t o  epoxy polymers have 
l e d  t o  t h e  use of bis(methy1amino)-diphenylsilane t o  polymerize a s t anda rd  
epoxy polymer p r e c u r s o r ,  2 ,2 -b i s  (1,2-epoxypropoxyphenyl)-propane , t o  a 
s o l i d  r e s i n  e x h i b i t i n g  s u p e r i o r  c h a r a c t e r i s t i c s  t o  those of conven t iona l  
epox ies .  

The diamine appea r s  t o  polymerize the epoxide l i n e a r l y  t o  a h igh  
molecular  weight  by a d d i t i o n  mechanism 

I I 

! 
- C H - C H  - N  - S i -  

2 
(I) -CH - CH2 + H - N - S i  - > \ /  i i 

0 OH 
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and t o  e f f e c t  some degree of c r o s s l i n k i n g  of t he  polymer c h a i n s  by a 
secondary condensat ion mechanism: 

-0 

H -  

0 -  

/ 
CH 

3 

CH - CH 
I 2 
OH 

+ 
N - CH 
I 3 
Si. - 0 
I 

N - H  

+ 

N - S i  
I t- yH - CH2- 

I 0 
- i I  

- i  I 

'0 - s i  - 0 
I I 

0 

L C H  - CH2 

I 

I 

N - S i  
I 

- N - S i  

CH 
3 

OH 
I 

CH - CH - N - YiT 
2 

Subsequent cure s t u d i e s  w i t h  analogous secondary o rgan ic  diamines have 
produced epoxy polymers which e x h i b i t  t he  same favorab le  p r o p e r t y  t r end .  
I t  i s  suggested t h a t  the  secondary diamines having  on ly  one r e a c t i v e  s i t e  
per  amine group tend t o  extend the  polymer c h a i n  l i n e a r l y  w i t h  a minimum 
of  c r o s s l i n k i n g .  This  would favor  a h i g h e r  molecular  weight  polymer 
capable  of e x h i b i t i n g  improved p r o p e r t i e s .  

Experimental . -  

S yn the  s i s  o f  1 , 3 - b i s (m- a 1 l y  lpheny 1) - te  trame thy  Id i s  i loxane - - -One m o  1 - 
e q u i v a l e n t  of f r e s h l y  d i s t i l l e d  E-bromoallylbenzene i n  anhydrous t e t r a -  
hydrofuran  was added over  a one-hour per iod  t o  a s l u r r y  of one mol- 
e q u i v a l e n t  of magnesium i n  t e t r a h y d r o f u r a n  w i t h  c o n s t a n t  s t i r r i n g .  
a t o t a l  r e f l u x  pe r iod  of two hour s ,  the  decanted  THF s o l u t i o n  was added 
dropwise t o  a s o l u t i o n  of f r e s h l y  d i s t i l l e d  dimethylchloroethoxysilane 
i n  THF. The s o l u t i o n  was r e f luxed  f o r  a t o t a l  o f  10 hour s ;  t hen  t h e  THF 
was removed with a vacuum evapora to r .  
t r ea tmen t  with e q u a l  volumes of 6N HC1,  and the  h y d r o l y s i s  product  was 
e x t r a c t e d  with e t h e r .  F r a c t i o n a l  d i s t i l l a t i o n  o f  t he  c rude  product  
gave a 37 pe rcen t  y i e l d  of 1,3-bis(1t~-allylphenyl)-tetramethyldisiloxane (I). 

A f t e r  

The r e s i d u e  was hydro lyzed  by 

% C  % H  % S i  
_Analysis Theory 72.20 8.26 15.35 

, Found 71.14 8.14 15.22 
26 

= 1.5196. D 
B o i l i n g  p o i n t  = l5O0C/2 t o r r ,  n 



Attempted S y n t h e s i s  of 1,3-bis(1~-epoxypropylphenyl)-tetramethyl- 
d i s i l o x a n e  (11)---One mol-equiva len t  of (I) i n  ch loroform was added 
slowly tc5 a s t i r r e d  s o l u t i o n  of perbenzoic a c i d ,  t - b u t y l  a l c o h o l ,  and 
chloroform whi le  the  temperature of the r e a c t i o n  mix tu re  was main ta ined  
a t  0 - + 4OC. 
pe rbenzo ic -ac id  was consumed. The benzoic a c i d  was removed by e x t r a c t i o n  
wi th  10 p e r c e n t  aqueous sodium hydroxide,  and the  o r g a n i c  phase was 
vacuum d i s t i l l e d .  However, the  two h igh  b o i l i n g  f r a c t i o n s  recovered 
from the d i s t i l l a t i o n  d i d  n o t  have a s i l i c o n  c o n t e n t  which corresponded 
t o  t h a t  of the d e s i r e d  compound. 

S t i r r i n g  was cont inued  a t  0 5 4°C u n t i l  95 p e r c e p t  of the 

Epoxy-Silane Polymer Cure and Eva lua t ion , -  S h e l l  X-24 d i f u n c t i o n a l  
epoxy polymer p r e c u r s o r ,  2 , 2-b i s  (.pepoxypropoxyphenyl) -propane, was 
polymerized under the c o n d i t i o n s  o u t l i n e d  i n  Table V I  t o  a cured m a t e r i a l  
k.aving s e v e r a l  a t t r a c t i v e  f e a t u r e s .  

RESULTS AND CONCLUSIONS 

The i n t e r n a l  s tudy  on u re thane - s i loxane  copolymers h a s  produced 
f i b e r  and fi lm-forming m a t e r i a l s  which have c o n s i d e r a b l e  p o t e n t i a l  f o r  
meeting the  conformal c o a t i n g  requirements .  F l e x i b l e ,  s t rong ly -adhe r ing  
t r a n s p a r e n t  f i l m s  o r  c o a t i n g s  of the copolymer formed from bis (hydroxy-  
methyl)-hexamethyltrisiloxane and methylene-bis(4-phenylisocyanate) could  
be c a s t  from benzene o r  dimethylformamide. The appendix c o n t a i n s  i n f r a r e d  
s p e c t r a  of the  d i o l s  employed i n  these po lymer i za t ions .  The hydroxyl 
band i s  e v i d e n t  a t  3300 cm-1  ( r e f .  8).  
appea r s  tn  be a ca rbony l  abso rp t ion  from the  a c e t a t e  i n t e r m e d i a t e .  The 
u re thane - s i loxane  polymer s p e c t r a  conta ined  the c h a r a c t e r i s t i c  carbamate 
bands a t  1700-1720 cm-1 and showed t h e  secondary amide band a t  3270 crn'l. 
The e l emen ta l  a n a l y s e s  g e n e r a l l y  confirmed the assumed polymer s t r u c t u r e s .  
The i n c r e a s e  i n  s i l o x a n e  c o n t e n t  from the d i s i l o x a n e  t o  the  t r i s i l o x a n e  
was mani fes ted  i n  the inc reased  f l e x i b i l i t y  of the  polymer formed from 
the  l a t t e r .  Films of the  d is i loxane-based  polymer became b r i t t l e  a t  
2Q°C, wh i l e  the  t r i s i l o x a n e - b a s e d  polymer had some f l e x i b i l i t y  a t  10°C. 
The u l t i m a t e  low-temperaiure requirement r?f -50°C has  n o t  y e t  been a t t a i n e d ;  
however, the i n c l u s i o n  of more h igh ly  polymerized s i l o x a n e  u n i t s  may be, 
expec ted  on the b a s i s  of these r e s u l t s  t o  produce polymers which approach 
t h i s  behavior  and a l s o  have cor respondingly  b e t t e r  d i e l e c t r i c  p r o p e r t i e s .  
Attempts t o  p repa re  r e l a t i v e l y  low molecular  weight  l i q u i d  prepolymers 
u s i n g  a s i x - f o l d  excess  of d i i socyana te  have r e s u l t e d  i n  g l a s s y ,  l o w  
m e l t i n g  s o l i d s  which could be l i q u i f i e d  only through monomer o r  s o l v e n t  
d i l u t i o n .  Th i s  technique,  aithoug'n used c o r ~ ~ e r c i a l l y ,  results i n  more 
h i g h l y  r e a c t i v e  m a t e r i a l s  w i t h  undes i r ab ly  s h o r t e r  p o t  l i v e s .  The 
g r e a t e r  ou tgass ing  p o t e n t i a l  of m a t e r i a l s  formed from such d i l u t e d  p r e -  
polymers a l s o  would be u n a t t r a c t i v e .  

The impur i ty  band a t  1720 c m - 1  
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E f f o r t s  a r e  be ing  i n t e n s i f i e d  toward development of  a fo rmula t ing  
technique which w i l l  y i e l d  a prepolymer e i t h e r  a s  a l i q u i d  o r  a s  a 
reasonably  low me l t ing  g l a s s .  The c o n t r a c t u a l  program h a s  shown c o n s i d e r -  
a b l e  promise f o r  the  b i s  (hydroxymethyl) -d ipheny le the r  - based u re thane -  
s i l o x a n e  copolymers. F l e x i b l e  e l a s tomers  of t h i s  type were formed i n  
the  case  of  the d i s i l o x a n e  g l y c o l  from a p r o c e s s i b l e  l i q u i d  prepolymer. 
M a t e r i a l s  of t h i s  type e x h i b i t  a d i e l e c t r i c  c o n s t a n t  a s  low as 3.38,  
which compared f avorab ly  wi th  a value of approximate ly  4.0 f o r  Adiprene 
L- 100" based -po lyme r s . 

One s t r i k i n g  conf i rma t ion  of the e f f e c t  of the s i l o x a n e  moiety 
i n  the e l e c t r i c a l  performance of u re thane - s i loxane  copolymers was i l l u s -  
t r a t e d  by the  v a r i a t i o n  of d i s s i p a t i o n  f a c t o r  w i th  s i l o x a n e  c o n t e n t .  The 
d i s s i p a t i o n  f a c t o r  was observed t o  drop approximate ly  10 p e r c e n t  f o r  
each i n c r e a s i n g  degree  of po lymer iza t ion  of the s i l o x a n e  moiety.  Th i s  
s u p p o r t s  the  o r i g i n a l  concept t h a t  o p t i m i z a t i o n  of p r o p e r t i e s  might be 
achieved  i n  copolymers whose molecular s t r u c t u r e  had been o r i e n t e d  c a r e -  
f u l l y  toward these  p r o p e r t i e s .  

The s y n t h e s i s  e f f o r t  h a s  reached the  p o i n t  where i t  appea r s  f e a s i b l e  
t o  e v a l u a t e  t h e  b e s t  u re thane - s i loxane  copolymers a s  conformal c o a t i n g s  
on p r i n t e d  c i r c u i t  boards.  Emphasis w i l l  now be p laced  on c o a t i n g  
fo rmula t ions  and cu re  cycles,  which w i l l  a l low p r a c t i c a l  a p p l i c a t i o n .  

The in-house program concerned w i t h  epoxy-s i lane  polymers has  
demonstrated a f e a s i b l e  s y n t h e t i c  r o u t e  t o  s e v e r a l  new polymer in te rmedi -  
a t e s .  1,4-bis(vinyldimethylsilyl)-benzene has been syn thes i zed  and 
c h a r a c t e r i z e d .  The i n f r a r e d  spectrum of t h i s  compound i n d i c a t e s  a C-H 
ove r tone  of the t e r m i n a l  v i n y l  group a t  1810 c m - l  ( r e f .  9 ) .  A band 
c o n s i s t e n t  w i t h  the  E- s i ly l -pheny l  l i nkage  i s  observed a t  1135 c m - 1 .  
s h a r p  a b s o r p t i o n  i s  observed a t  1260 c m - 1 ,  which i s  g e n e r a l l y  ass igned  
t o  Si-CH3. 9 r e e  o t h e r  r e f e r e n c e  v a l u e s  o f  the  -Si-CH=CH2 l inkage a r e  
1590-1610 cm- , 1000-1010 c m - l ,  and 943-980 crn'l. 
bands a t  1590 cm-l, 1010 crn-1, and 955 cm-1.  

A 

The spectrum shows 

Th i s  compound has  been epoxidized t o  y i e l d  a monomeric epoxy-s i lane  
polymer p r e c u r s o r .  E ia ie i i ta?  a c i l y s i s  of the epox ida t ion  product  was 
l o w  i n  s i l i c o n ,  which i n d i c a t e s  t h a t  some o x i d a t i v e  c leavage  o f  thc 
s i l i c o n - p h e n y l  bond had occur red .  A d d i t i o n a l l y ,  some opening of the  
epoxide r i n g  t o  y i e l d  a secondary hydroxyl had occur red ,  a s  evidenced 
by condensa t ion  w i t h  
e v o l u t i o n  of methylamine. However, the conf i rma t ion  of a preponderance 
of r e a c t i v e  epoxy groups i n  the  molecule was e s t a b l i s h e d  by i t s  polymeri-  
z a t i o n  wi th  an o r g a n i c  diamine t o  fom. a s o l i d  r e s i n  s i n c e  the s t r u c t u r a l  
n a t u r e  of t h e  l a t t e r  amine precluded i t s  r e a c t i o n  w i t h  hydroxyi grvups.  

bis(methylamino)-diphenylsilane w i t h  the  concomitant 

* 2-100, t r a d e  name, u re thane  prepolymer, E .  I .  DiiPont de Nemours 
and Company 
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The s y n t h e s i s  of two analogous monomers , 1,lc-bis ( a l ly ld ime  t h y l s i l y l )  
benzene and 1,4-bis(3-vinyl-l,l,3,3-tetramethyldisiloxanyl)-benzeney h a s  
been i n v e s t i g a t e d  t o  t h e  p o i n t  t h a t  t h e  conf i rma t ion  of  t hese  s t r u c t u r e s  
by e l emen ta l  and i n f r a r e d  a n a l y s i s  i s  f a i r l y  w e l l  e s t a b l i s h e d .  

The a l l y l  compound (11) h a s  an  I R  spectrum s i m i l a r  t o  i t s  v i n y l  
ana log  (I) wi th  s h i f t s  of t he  v i n y l  a b s o r p t i o n  which a r e  p o s s i b l y  due t o  
compl ica t ion  by the  s a t u r a t e d  methylene group. The t h i r d  monomer (111) 
c o n t a i n s ,  i n  a d d i t i o n ,  the  d i s i l o x a n e  l inkage  and h a s  a spectrum which 
aga in  b e a r s  s i m i l a r i t y  t o  (I). The ve ry  s t r o n g  a b s o r p t i o n  a t  1080 c m - l  
i n  t he  spectrum of (111) s q p o r t s  t he  presence  of  t he  s i l oxane  moie ty .  

A l a r g e r  s c a l e  q u a n t i t y  of t hese  t h r e e  monomers i s  be ing  prepared  
p r e s e n t l y  f o r  epox ida t ion  and polymer iza t ion  r e a c t i o n s .  S ince  1 7 4 - b i s -  
(epoxyethyldimethylsily1)-benzene i s  a pourable  l i q u i d  a t  25'C, i t  
should be r e a d i l y  p r o c e s s i b l e  a s  an  encapsu la t ing  compound. 

The epoxy-si loxane copolymer s t u d i e s  w i t h i n  t h e  c o n t r a c t u a l  program 
have l ed  t o  the s y n t h e s i s  of a new monomer, 1 7 3 - b i s ( ~ - a l l y l p h e n y l ) -  
t e t r a m e t h y l d i s i l o x a n e ,  which i s  a v i scous  l i q u i d .  Th i s  compound i s  be ing  
epoxid ized  t o  y i e l d  the cor responding  1,3-bis(~-epoxypropylphenyl)- 
t e t r ame thy ld i s i loxane .  This  procedure by analogy w i t h  the  i n t e r n a l  
program u t i l i z e d  the  concept  of a d i f u n c t i o n a l ,  monomeric polymer p r e c u r s o r  
whose lower v i s c o s i t y  makes i t  much more amenable t o  p rocess ing  and 
f i l l i n g .  

Monomeric s i l a z a n e s  a s  w e l l  a s  polymeric amine adducts  have been 
i n v e s t i g a t e d  a s  c u r i n g  a g e n t s  f o r  t h e  conven t iona l  epoxy r e s i n s .  X-24°C 
epichlorohydrin-bisphenol-A adduct  was polymerized w i t h  t h e s e  m a t e r i a  15 
t o  a s o l i d  compound e x h i b i t i n g  a t t r a c t i v e  e l e c t r i c a l  p r o p e r t i e s .  The 
s i l azane -cu red  polymer gave a d i e l e c t r i c  c o n s t a n t  of 3.36 a t  1 k i l o c y c l e .  
The polymer prepared w i t h  an N-methylaniline-formaldehyde adduct  gave 
a somewhat h ighe r  va lue  of  3 .86 a t  25OC b u t  on ly  inc reased  t o  3.90 a t  
100°C. 
adducts  i n  cases  where d i e l e c t r i c  p r o p e r t i e s  must n o t  v a r y  s i g n i f i c a n t l y  
w i t h  temperature .  An i n t e r e s t i n g  o b s e r v a t i o n  concern ing  the  epoxy c u r i n g  
a g e n t s  was t h a t  eve ry  amine which presented  a secondary group a s  t h e  
r e a c t i v e  s i t e  produced polymers having  more a t t r a c t i v e  d i e l e c t r i c  p r o p e r t i e s  
than  t h e i r  primary amine-cured c o u n t e r p a r t s .  

Th i s  f a c t  may i n d i c a t e  an  a p p l i c a t i o n  of t h e  polymeric  amine 

Pending s u c c e s s f u l  complet ion of t h e  s y n t h e t i c  phase of t h e  o v e r a l l  
program, the  most promising cand ida te  m a t e r i a l s  w i l l  be d i r e c t e d  toward 
the  formula t ion  of  p r o c e s s i b l e  encapsu lan t s  and c o a t i n g s  and subsequent ly  
eva lua ted  on e l e c t r o n i c  hardware under s imula ted  working c o n d i t i o n s .  It  
i s  i n d i c a t e d  from the  r e s u l t s  of tk s y n t h e s i s  program t o  d a t e  t h a t  a 
s u i t a b l e  encapsu la t ing  system and conformal  c o a t i n g  system w i l l  be evolved .  

'k Trade name', epoxy polymer i n t e r m e d i a t e ,  S h e l l  Chemical Company. 
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S e v e r a l  of the  p r o p e r t y  and p rocess ing  c h a r a c t e r i s t i c s  r e q u i r e d  of t h e s e  
m a t e r i a l s  have been met, and i t  i s  hoped t h a t  improvements w i l l  be made 
i n  r each ing  the remaining p r o p e r t y  c r i t e r i a .  
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