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1, 3-Dimethyl-3-vir lyl-1,  3-dichlorosiloxane is prepared by partial 
cohydrolysis of rnethylvinyldichlorosilane and rnethyldichlorosilane, 
and its cohydrolysis with sym-tetra-methyldichlorodisiloxane gives 
1-hydro-3-vinylhexamethyi-cyelote~rasiloxane. A study is made 
of the kinetics of tl~e polymerization of the latter in CCL 4 in the 
presence of HzPt C16 �9 6tlzO 

It was of i n t e r e s t  to us to p repa re  an o r g a n o c y c l o -  
t e t r a s i loxane ,  1-hydro-3-vinylhexamethylcyclote t  r a -  
s i loxane (I), with one Si--CH = CH 2 group and one 
S i - -H- -g roup  in definite posi t ions .  We have synthe-  
s i zed  this  compound by cohydrolyzing s y m - t e t r a -  
me thy ld ich lo ros i loxane  (II) with 1 ,3 -d ime thy l -3 -  
vin yl-l,2--dichlo rod is i loxane  (III). 

Up to the p r e sen t  the following have been the 
ma in  methods of p r e p a r i n g  l i n e a r  sym-d ich lo ro -  
s i loxanes :  pa r t i a l  hydro lys i s  of o rganod ich lo ros i -  
lanes  [1,2], the act ion of oxygen-conta in ing r eac tan t s  
on the appropr ia te  a lky lch lo ros i l anes  [3,4], o r  
he te rofunc t iona l  condensa t ion  [5]. 
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Fig. I. Variation of x/Au(A0-x ) (A0--inttial 

concentration of starting material I, x-- 

decrease in concentration in time ~-) with 

reaction time at temperature t ~ C. I) t = 50 ~ 

catalyst concentration C = 1.4.10 -4 mole/I. 
2) t= 65 ~ , C =Io4-10 -4 mole//. 3)t= 50 ~ C, 

C = 4.2 "I0-4 mole//. 4) t= 75 ~ , C =4.2.10 -4 

mole/I, x) Points obtained by determing the 

Si--H group content by treatment with etha- 

nolle KOH. 

Attempts  to p r e p a r e  III by he te ro func t iona l  c o n -  
densa t ion  of me thy lv iny le thoxyeh lo ros i l ane  with 
me thy ld i ch lo ros i l ane  gave a yield of only 11.7%. 
React ion  of m e t h y l v i n y l d i e h l o r o s i l a n e  and rne thy l -  
d i ch lo ros i l ane  with f e r r i c  oxide gave an even lower  
yield of III, 1.5%. P a r t i a l  cohydro lys i s  of m e t h y l -  
v iny ld i eh lo ros i l ane  and me thy ld i ch lo ros i l ane  gave 

a 14.1~ yield of III. 

Cohydrolysis of II and Ill gave a 67.4% yield of I: 
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Polymerization of I in CCI 4 at 75 ~ in the presence 

of HzPtCI 6 �9 6H20 gives a polymer IV which is vis- 
cous at room temperature, and readily soluble in 

benzene and other organic solvents~ 
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Fig.  2. React ion  ra te  eons tan t s  
for  the p o l y m e r i z a t i o n  of I ( sec-  
ond o rde r )  as a funct ion of 1 / T  

( T - - t e m p e r a t u r e ,  ~ 

The PMR spectrum of IV (at 60 Mops) gives along 

with the SiCh 3 peak, an unsplit peak characteristic 

of the Si--CH 2 group with a chemical shift (relative 

to the SiCH 3 group of IV) S = 0.35 ppm. The IR 
spectrum of IV lacks the 1370-13 80 cm -I absorption 

--CH-- 
band characteristic of the ] group. 
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Fig .  3. Reac t ion  r a t e  cons t an t s  for  
the p o l y m e r i z a g o n  of I at 50 ~ and 
75 ~ as a funct ion of ca t a lys t  eoneen -  

t r a t i on .  
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IV was  f i r s t  f r e e d  f r o m  m o n o m e r  b y  v a c u u m  
h e a t i n g  1 m m  75 ~ , and  i t s  m o l e c u l a r  w e i g h t  t h e n  
f o u n d  e b u l l i o s c o p i c a l l y  in  b e n z e n e  to  b e  2260. 

R a t e  c o n s t a n t s  f o r  p o l y m e r i z a t i o n  / 
of  I(K) 

catalyst con- [ K �9 10 -a 
! 

c e n t r a t i o n  
( m o l e / l )  x 10 -4 

2.1 
2.8 
4,2 

T h e  e x p e r i m e n t a l  r e s u l t s  show t h e  p o l y m e r i z a t i o n  of I 

to  p r o c e e d  w i t h o u t  r i n g  s c i s s i o n  a c c o r d i n g  to  t he  
e q u a t i o n  

mc.~)sl-o-si(c.~)-c.~-c.~ 
H~PtCI6.6H20 O O 
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( HaC)2SI- -O--Si (C H3)~ 

D u r i n g  o p e r a t i o n s  w i t h  IV a n d  in  t he  a b o v e  p o l y -  
m e r i z a t i o n  i t  was  n o t  found  to u n d e r g o  c r o s s l i n k i n g .  

T h e  p o l y m e r i z a t i o n  r e a c t i o n  k i n e t i c s  f o r  I w e r e  

i n v e s t i g a t e d  b y  m e a s u r i n g  t he  c o n t e n t  of  t h e  ~ S i - - H  

g r o u p  d u r i n g  p o l y m e r i z a t i o n  a t  d i f f e r e n t  t e m p e r a -  

t u r e s  and  f o r  d i f f e r e n t  c o n c e n t r a t i o n s  of  c a t a l y s t .  

T h e  d e t e r m i n a t i o n s  w e r e  m a d e  s p e c t r o s c o p i c a l l y ,  

b y  f i n d i n g  t h e  i n t e g r a t e d  a b s o r p t i o n  b a n d  i n t e n s i t y  

f o r  v (S i - -H) ,  w h e n  r e p r o d u c i b l e  r e s u l t s  w e r e  

o b t a i n e d .  In a d d i t i o n  ( s t r a i g h t  l i n e  2, in  F ig .  1), t h e  
c o n t e n t  of  t h e  ~ S i - - H  g r o u p  w as  a l s o  d e t e r m i n e d  

c h e m i c a l l y ,  f r o m  the  v o l u m e  of  h y d r o g e n  l i b e r a t e d  

on  t r e a t m e n t  w i t h  e t h a n o l i c  KOH. T h e  r e a c t i o n  r a t e  

c o n s t a n t s  found  b y  t he  p r e v i o u s l y  d e s c r i b e d  m e t h o d  

[6] (F ig .  1), a r e  s a t i s f a c t o r i l y  r e p r e s e n t e d  b y  a 

s e c o n d  o r d e r  r e a c t i o n  e q u a t i o n .  T a b l e  1 g i v e s  t h e  

v a l u e s  of  t he  r e a c t i o n  v e l o c i t y  c o n s t a n t  (K). 

F o r  c a t a l y s t  c o n c e n t r a t i o n  1.4 �9 10 -4 m o l e / / ,  

a n  a c t i v a t i o n  e n e r g y  E = 17 k c a l / m o l e  - i ,  a n d  a n  

A r r h e n i u s  c o n s t a n t  A = 2 .9  �9 108 l �9 m o l e  -~ �9 s e c  -1 

w e r e  f o u n d  g r a p h i c a l l y  (F ig .  2). F ig .  3 s h o w s  t h e  

r e l a t i o n s h i p  b e t w e e n  c a t a l y s t  c o n c e n t r a t i o n  a n d  K. 

I t  i s  l i n e a r ,  a n d  s h o w s  t h a t  p o l y m e r i z a t i o n  of  I 

p r o c e e d s  w i t h  i n t e r m e d i a t e  c o m p o u n d  f o r m a t i o n  

b e t w e e n  m o n o m e r  a n d  c a t a l y s t .  T h e  p o l y m e r i z a t i o n  
r e a c t i o n  i s  f i r s t  o r d e r  w i t h  r e s p e c t  to c a t a l y s t  
c o n c e n t r a t i o n .  

EXPERIMENTAL* 

Sym-teuamethyldiehlcr (II) was synthesized by a 
known method [4]. 

1, 8-Dlmethyl-8-vtnyl-1, 8-diehi~odtsiloxane (III).A mixture of 
36 ml (2 mole) water and 86 ml dioxane was added dropwise in 30 
rain to a mixture of 282 g (2 mole) methylvinyldichlorosilane, 230 g 
(2 mole) methyldichlorosilane, and 500 ml ether which was stirred 
vigorously and kept below -20~ After distilling off the solvent the 
products were distilled through a column, to give 56.8 g (14.1~ III, 
bp 141-142~ nD 2~ 1.4190; d2~ 1.0701. Found: C 29.98; H 5.47; 
Si 27.86; C1 35.46; H(Si) 0.56~ MR D 47.43. Calculated for C4Hi0OCLz 
Siz; C 23.88; H 4.98; Si 27.86; C1 35.32; H(Si) 0.50%; MR D 47.97. 

1-Hy~o-8-vinylhexamethylcycloter~asiloxane (I). A mixture ol 
30.45 g (0.16 mole) II, 30.15 (0.15 mole) III, and 75 ml ether, was 
added over a period of 45 rain, to a mixture of 100 ml 10% hydro- 
ehlorie acid and 75 ml ether at about -15 ~ The ether solution was 
then washed with water until a neutral reaction was obtained, and 
dried over CaC12. Then it was distilled to give 29.8 g (67.4%) I, 
58-60 ~ (8 ram); nD z~ 1.4017; dZ~ 0.9703. Found: C 32.86; H 7.87; 
Si 37.79; H(Si) 0.38%; MR D 73.75. Calculated for CsHzzO4Si4: C 32.65; 
H 7.48; Si 38.09; H(Si) 0.34%; MR D 74.35. 

Polymerization of I was carried out in a flask with a reflux con- 
denser and placed in an IT-12 thermostat. The measurements were 
all carried Out till the instant when homogeneity ceased, when a 
precipitate appeared. An IKS-14 spectrometer with a LiF prism 
was used for determining the Si-H group content spectroscopically, 
the cell being a dismountable one LiFCd = 1 mm, and the range of 
molar concentrations (calculated for the S-H group/bond) was 0.05- 
0.005. 

The authors are greatly indebted to Dr. M. N. Vargaftika for 
assistance. 

*With the  c o l l a b o r a t i o n  of A.  Z.  Bala tsenko.  
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