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MOLECULAR WEIGHT DISTRIBUTIONS AND MONODISPERSE 
INTKINSIC VISCOSITY-MOLECULAR 

WEIGHT EQUATION OF SILICONE ELASTOMER* 

Lu-Zai-Min 
Research I n s t i t u t e  

J i l i n  Chemical  I n d u s t r y  C o r p o r a t i o n  
J i l i n  C i t y ,  J i l i n ,  P e o p l e ' s  R e p u b l i c  of China 

ABSTRACT 

T h e  exper imenta l  c u r v e s  o f  G e l  Permertion. Chro- 
matography o f  methyl v i n y l s i U o n e  e l a s t o m e r  poly- 
mer ized  by a b a s i c  e t a l y s t  *ind cor r ta iu ing  a small 
amount v i n y l  groups a r e  given.  

They a r e  in c c n s i s t e n t  w i t h  t h e  t h e o r e t i c a l  cur -  
v e s  c a l c u l t e d  from l o p r i t h m i c - n o r m 8 1  d i s t r i b u t i o m  
f u n c t i o n .  Thereby, t h e  molecular  weight d i s t r i b u t i o n  
o f  t h e  samples determined be long  t o  t h e  l o g a r i t h m i c -  
normal d i s t r i b u t i o n .  W i t h  GPC, [ v ]  and (I",)n o f  t h e  

p o l g d i s p e r s e d  sample t h e  monodispersed [7 ]  - M r e l a -  

t i o n s h i p  of t h e  metnyl v i n y l  s i l i c o n e  e l a s t o m e r  was 
e s t a b l i s h e d  . 
M r e l a t i o n  e s t a b l i s h e d  hy Qi?.n Bsn-yuan, e t  a l .  

This  r e l a  t iorr  a g r e e s  w i t h  t h e  monodispersed [ 771 - 
( 1  1 

x Presented at the GPC Symposium, Chinese Chemical Soc., 
Guilin, People's RepubJic o f  China, June 2-6,1981. 
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INTRODUCTION 

The Mark-Houwirrk equat iouc o f  t h e  i n t r i n s i c  v i s -  
c o s i t y - m o l e c u l a r  w e i g h t  r e l a t i o n s h i p  o f  h i g h  polg-  
mer s o l u t i o n  shows,  

( 1 )  
a [ I ]  = K I4 

T h e  m o l e c u l a r  weight obtainned only from t h e  
parameter K a n d  QI i n  t h e  momodispersed equat io tn  f o r  
t h e  [7]  v a l u e  o f  a p o l g d i s p e r s e d  sample  i s  i m  a c c o r -  
dance  w i t h  t h e  v i s c o s i t y  a a e r a g e  m o l e c u l a r  w e i g h t  
o f  which  t h e  d e f i n i t i o n  is w e l l - h i o m .  

r )  a //a 
X =  €ziT ) 

In d e t e r m i n i n g  i h e A p a r e m e t e r  i n  t h e  e q u a t i o n ,  
mcnod i spe r sed  samf;les Bre n e c e s s p r y .  Lut  t h e y  2 r e  
d i f f i c u l t  t o  o b t a i n ,  even with c a r e f u l  f r a c t i o n a + i o n  
c f  a p o l y d i s p e r s e d  s?mple.  T h e r e f o r e ,  a c c r r e c t i o n  
o f  d i s p e r s e d  e f f e c t  must  be  rcclde on the e q u r t i o n  

o h t p  in?? P x p e r i r n e n t a l l v .  

a v e r a g e  molecula- r  weignt,  <h& 

( 2 )  (I,,)? = ( 
/ =  

(2,3,4?) 

The r e l a t i o n  oetween i n t r i n s i c  v i s c o s i t y  (711  a n d  
o r  <M)n, f o r  R 

p o l y d i s p e r s e d  sample  i s :  
a a 

(['I]) = KW (lvl)w = 9, K <"', (3) 

Where q 3nd q, a r e  t h e  c o r r e c t i o n  f a c t o r s  poly-  
d i s p e r s e d .  -I'gey a r e  r e l a t e d  w i t n  t y p e s  o f  d i s t r i b u -  
t i o n  o f  t n e  sample a n d  t h e  d i s t r i b u t i o n  b r e a d t h .  ( 2 9 : , ' )  
Z h e r c f o r e ,  t o  o b t a i n  monod i spe r sed  Mark-riouwink equa-  
t i o n ,  a d e f i n i t e  knowledge o f  tne  m o l e c u l a r  w e i g h t  
d i s t r i b u t i o n  o f  t h e  s ample  must  b e  'mown. 

IT ]  - fi r e l a t i o n s h i p  o f  p o l y d i m e t h y l s i l o x a n e  a f t e r  
d e t e r m i n i n g  t h e  d i s t r i b u t i c -  o f  s e d i m e n t a t i o n  coe f -  
f i c i e n t s ,  < M ) ~  

aowever ,  t n e  m o l e c u l e s  o f  t h e  commerc ia l  s i l i -  
cone  e l a s t o m e r  c o n t a i n  a small amount  o f  v i n y l  g r o u p s .  
i n  o r d e r  t o  s t u d y  t h e i r  i n f l u e n c e  on t h e [ Y I  - 1'1 
r e l a t i o n s h i p ,  we determined t h e  m o l e c u l a r  weight 

y i a n  nen-yuan e t  a l .  '' ' e s t a b l i s h e d  monod i spe r sed  

, [TI, and  ( i i rLoluene,  
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MOLECULAR WEIGHT OF SILICONE ELASTOMER 

d i s t r i b u t i o n  of  some p o l y d i s p e r s e d  samples o f  po ly-  
me thy l  v i n y l  s i l o x a n e  by tie1 Perp lea t ion  Chromato,.Taphn, 
a s  well a s  t h e  number-average r c o l e c u l a r  weights a n d  
intrimsic v i s c o s i t i e s  i l r n  t o l u e n e  s o l u t i o n  f o r  e a c h  
sample .  The  monodispersed  e q u a t i o n  o f  po lymethy l  
v i n y l  s i l o x a n e  i s  s o  o b t a i n e d .  i't agrees w i t n  tne  
monodi s p e r s e d  e q u a t i o n  o f  polydime t n y l s i l o x a m e  proposed . .  
by y i a n  n e n - p e n  e t  a l .  'l'hus, t h e  e x i s t e n c e  o f  a 
small amount of  v i n y l  g r o u p s  has nc o o v i c u s  i n f l u e n c e  
on t h e  s o l u t i o n  p r o p e r t i e s  o f  p o l y s i l o x a n e .  

EXPERIMENTAL 

SAMPLES 
Ti-.e s i l i c o n e  e l a s t o m e r  samples u s e d  a r e  n o n - f m -  

c t i o a a  t e d  p o l y d i s p e r s e d  s a m p l e s  from o u r  l g b o r a t o r y .  
They were o b t a i n e d  by p o l y m e r i z i n g  t h e  d ime thy lcyc -  
l o s i l o x a n e  c o n t a i n i n g  a small amount o f  c y c l i c  v i n y l  
s i l o x a n e  a t  t h e  p r e s e n c e  b a s i c  c a t a l y s t .  

VISCOMETRY 

s i l o x a n e  was de te rmined  i n  t o l u e n e  a t  25 O C  by u0De- 
l o n d e  d i l u t i o n  v i s c o m e t e r .  

The  i n t r i n s i c  v i s c o s i t y  o f  t h e  p o l y d i m e t h y l  v i n y l  

OSMOTIC PRESSURE 

m e t h y l  v i n y l  s i l o x r . n e  was d e t e r m i n e d  i n  t o l u e n e  a t  
27 O C  w i t h  nNAtidX menbrane osmometer. 

The number-average m o l e c u l a r  w e i g h t  o f  t h e  poly-  

GEL PERMEATION CHROMATOGRAPH 

was a c c o m p l i s h e d  i n  a n  equipment  w i t h  tne  column 
l e n g t n  2.5m, i n t e r a l  d i a m e t e r  9 m m ,  syphon volume 
7 .0  m l  and  po rous  s i l i c a  beadso f  120  - 1 4 0  mesh a s  
t h e  p a c k i n g  ( t r e a t e d  w i t h  h e x a m e t h y l d i l a z a n e  ) .  
'Ahole e l u t i o n  volume o f  t h e  column was 130 m l .  E l u t e d  
s o l v e n t  was t o l u e n e .  Opera t ed  a t  room t e m p e r a t u r e  
w i t h  a f l o w  r P t e  o f  0.7 m l  / min. The c o n c e n t r a t i o n  
o f  t h e  i n j e c t e d  samples o f  G o l y s t y r e n e  a n d  polyme- 
t h y 1  v i n y l  s i l o x a n e  were 1 mg / ml a n d  4 mg / m l  res -  
p e c t i v e l y .  I n j e c t e d  volume was 1 m l .  T h e  c o n c e n t r a -  

The d e t e r m i n a t i o n  o f  Gel P e r m e a t i o n  Chroma t o g r a p h  
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2244 LU 

t i o n s  of t h e  e l u t e d  s o l u t i o n  were d e t e r m i n e d  by t h e  
t u r b i d i t y  mothed.  

Phe  colulrn was c a i i o r a t e d  w i t n  a s e r i e s  o f  na r -  
r o w 1 y d i s  t r i b u t e  d p o l  y s  tgr en e sain p i  e s . T h e  v i  s c o s i t :T 

e c i m t i o n  o f  t h e  pc1:rst:rrene i s  

( 5 )  
-4 0.77 [7] = 1 . 1  x 10 1.; 

L'he u n i v e r s a l  c a l i o r a t i o n  re13 t i c n  o f  t h e  
coiuniri i s  o o t n i n e d :  

T h e  u n i v e r s a l  c a l i b r a t i o n  c u r v e s  i s  shown i n  ?i- 
&%re 1 .  

\ 
\ * \  

\ -  

60 80 1 00 120 
3 '  

Elution! vo1um.e (ml) 

F i @ r e  1 . U n i v e r s a l  C a l i  h,ra t i o n  c u r v e  
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MOLECULAR WEIGHT OF SILICONE ELASTOMER 2245 

RESULTS AND DISCUSSION 

The GPC curves  of e l l  tiie samples ? r e  snown in 
3iLmre 2 .  A c c o r d i n g  t c  t n e  f o l l o w i r s g  equation, 

w i  

0.10 

0.05 

0 

wi 

0.10 

0.05 

0 

I 90 110 80 100 80 100 80 100 80 100 

Elution volume (mi) 

Figure 2. 
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Table 1 .  

_- - 

( M)w /”( M )n “I] x - 
D2 ( d u g )  (b,r )  

sample V ( m l )  
-- 

1 99 51 91.57 0.84 1.4.7 2.80 
2 97.17 90.87 1 .O? 20.0 2.72 
3 94.85 112.20 1.17 22.5 3.43 
4 94 .95  102.b5 1 . 2 4  25 .4  3.10 
5 93.bO 107.32 1.39 30.0 7 .18  
b 91 .83 82.70 1.. b0 39.2 2.48 

a v e r a g e  2.95 

7 103.86 5b.74 0.42 8.7 1.89 
8 1 O ? . * / ’ f  34.13 0.45 9 . 2  1.84 
9 102.60 59.56 0 . m  13.2 1.95 

lo** 9u .93  99 .43  1 . 1 1  j 4 . 8  1.81 
l l + *  89.52 82.04 1 . 2 4  42.2 1 .b7 

a v e r a g e  1 .82  

- --- .- __--- - 

- -- 
**: The lata f o r  l o * *  amid 11** were determimed by ano- 
t n e r  column w i t n  t n e  u n i v e r s a l  c a l i m a t i o n  e q u a t i o n  a s  

l o g  J = 11 .Ob - 0.058 V 

and from o u r  expe r imen ta l  cu rvep ,  c a l c u l t e d  t h e  mean 
e l u t i o n  volume 7 and s t a n d a r d  d e v i a t i o n  c2 a s  shown 
i n  TaDle 1 .  In t n e  e q u a t i o n ,  :!ll and  Vi a r e  t n e  weight  
f r a c t i o n  and e l u t i o n  volume o f  eacn i n d i v i d u a l  f r ? c -  
t i o n . [ l ]  and ( M ) n  c f  each sample o o t a m e d  f rom t h e  

v i s c o s i t y  a n d  osmotic  p r e s r u r e  measurements a r e  a l s o  
l i s t e d  i n  Table  1 .  

eacn sauiple i n  F i g u r e  3 .  

arid l i i ie  D f o r  t h e  samples  ’I t o  1 1 .  a = 0.’70 arrd 

Km = 2.0 X 
c e p t  of tne  l i n e  a ,  = 0.70 amd K = 1.51 X 
from t n e  s l o p e  and i n t e r c e p t  o f  tne  f i n e  

L o g [ T ]  v a l u e s  were p l o t t e d  agaiKlst l o g  (M>, f o r  

Lime a i n  Yigure 3 i s  f o r  t n e  samples  i t o  b,  

a r e  t a k e n  from t h e  s l o p e  and tue i n t e r -  

b. 
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0.3, 

0.2 '  

0.1. 

- 3 . 0 .  
e- 
u-0.1. 

- 0 . 2 .  

-0.3, 

-0.4. 

U 

0 
GI 
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-0.51 
4.8 5.0 5.2 5.4 5.6 5.8 

Log c w m  
Pigarre 3. Log [7] vs. lag ( M } ~  

I n  determining the  average moleculnr weight o f  
polymers b y  G P C ,  t he  p r i n c i p l e  o f  t h e  u n i v e r s a l  ca- 
l i b r 2 t i e ~  may b e  used, i . e .  

1 -- I n - 
(b;}W = K - 'di J i  I t d  (7) 

i= 1 
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T h e r e f o r e ,  d i s t r i b u t i o n  b r e a d t h  i n d e x ,  ( M}w/ (M)** 
o b t a i n e d  a r e  i n d e p e n d e n t  o f  tne p:rameter R.BrQm 
t h e  e x p e r i m e n t a l  c u r v e  o f  each sample t a k e  a = 0.70 
( t h e  s l o p e  o f  a ,  b l i n e s  i n  F i g u r e  3 ) .  The d i s -  

t r i b u t i o n  b r e a d t n  i n d e x  (M), / <M>, o f  t h e  e l e v e n  

samples a r e  o b t a i n e d  by t h e  e q u a t i o n  ( 9 ) .  See  t h e  
r e s u l t s  i n  T a b l e  1.  Take t h e  samples 1 t o  6. as  one  
group and  t h e  a v e r a g e  v a l u e  o f  t h e  d i s t r i b u t i o n  b r e e d t n  
i n d e x  i s  2 .95 ,  w h i l e  a n o t h e r  g r o u p ,  t n e  s a m p l e s  7 
t o  1 1 ,  g i v e s  t h e  a v e r a g e  va l i i e  o f  tne d i s t r i b u t i o n  
b r e a d t h  i n d e x  a s  1 .82 a l s o  shown i n  T a b l e  1 .  

symmetry,  s o  Gau?s normal  d i s t r i b u t i o n  f u n c t i o n  
T h e  e x p e r i m e n t a l  c u r v e  o f  e a c h  sample snow3 good 

can  b e  u s e d .  
T h e  n o r m a l i z e d  d i s t r i b u t i o n  c u r v e s  c a l c u l a t e d  

from t h e  a v e r a g e  v a l u e  a n d  t h e  s t a n d a r d  d e v i a t i o n  
of  eaca sample  ( i n  Table 1 ) a n d  W i t h  e q u a t i o n  ( 1 0 )  
a g r e e s  well w i t n  tne  e x p e r i m e n t a l  r e s u l t s ,  a s  Shown 
i n  F i g u r e  2.  A s  the  c a l i b r a t i o n  c u r v e  o f  our  GPC 
column i s  l i n e a r ,  tne  m o l e c u l a r  weight d i s t r i b u t i o n  
o f  t n e  samples s t u d i e d  may b e  d e s c r i b e d  by log-normal  
d i s t r i b u t i o n  f u n c t i o n .  F o r  t h e  p o l y d i s p e r s e d  sample  
w i t h  l o g  no rma l  d i s t r i b r i t i o n ,  ( 2 , 3 9 4 )  

S u b s t i t u t e  i n t o  t h e  e q u a t i o n  ( 1 2 )  t h e  aver?.ge 
values o f  t h e  d i s t r i b u t i o n  i n c e x  o f  two ?r? i ias  o n e  

are 1.90: a n d  1 .428  r e s p e c t i v e l y .  From t h e  K and  
q, o f  two g r o u p s ,  w e  o b t a i n :  

a v a l u e s .  'L'ne qn v a l u e s  o f  two g r o u p s  s o  o b t a i n e d  

El 
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MOLECULAR WEIGHT OF SILICONE ELASTOMER 2249 

a n d  K = 1.0h X 10 -4 -4 K = 1 . C 5  X 10 

s o l u t i o n  may b e  e x p r e s s e d  a s  
T h e r e f o r e ,  [y] - M r e l a t i o n  fm $he mornodispered 

-4 0.70 [7 ]  = 1.Ob X 10 M ( 1 3 )  

Since 

The  v i s c o s i t y  average m o l e c u l a r  w e i g h t  < W) of 

(M> 

Q 
each s a m p l e  may b e  o b t a i n e d  b y  s u b s t i t u t i n g ( k l ) n ,  a 
and o f  eleven s a m p l e s  i n t o  t h e  e q u a t i o n  ( 1 4 )  

(N n 
P l o t  l o g [ Y ]  a g a i n s t  l o g  {X.) a s  shown i n  F i g t i r e  4.  7 

It  c a n  be s e e n  t h a t  t h e  e x p e r i m e n t a l  p o i n t s  o f  two 
s a m p l e  g r o u p s  fall on t h e  l i n e  f o r  t h e  m o n o d i s p e r s e d  
[7] - B; r e l a t i c n  ( 1 3 ) .  I t  i s  independenbf t h e  s i z e  cf  
t h e  d i s t r i b u t i o n  b r e a d t n .  

Qian Ren-yuan,  Y i n g  Q i - z o n g  e t  a l ,  o b t a i n e d  t h e  
m o n o d i s p e r s e d  [5'] - Pl r e l a t i o n s h i p  f o r  p o l y d i m e t n y l -  
s i l o x a n e  a s  

shown by d o t t e d  l i n e  i n  Fi,@re 4.  The s o l i d  l i n e  a n d  
d o t t e d  l i n e  o v e r l a p  e a c h  o t h e r .  

of t h e  v i n y l  g r o u p s  i n  t h e  m o l e c u l a r  c h a i n  o f  p o l y -  
d i m e t h y l s i l o x a n e  .has  shown no e v i d e n t  c n a n g e  i n  t h e  
p r o p e r t y  o f  s o l u t i o n  a n d  t h e  f l e x i b i l i t y  of t h e  mo- 
l e c u l a r  cna in .  

( 1 5 )  .,o .71 171 = 0 . 5 3  x UL 

It c a n  b e  s e e n  t h a t  t h e  p r e s e n c e  o f  a small a m o u n t  
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0.: 

0.; 

9.1 

O.( 
n * d q .  1 
bo 
0 

4-0.; 

-0.: 

-0.1 

-0.4 
I 

LU 

3 52 5.4  5.6 5.8 6.0 
Log (M)Q 

F i g u r e  4 .  log[ 71 vs. log ( M. + 
o a n d  x : e q u a t i o n  ( 1 4 )  

s o U d 1 i n e  : e q u a t i o n  ( 1 3 )  
d o t t e d  l i n e  : e q u a t i o n  ( 1 5 )  
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