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Summary 

The effect of introducing simultaneously crosslinking and intermolecular 

hydrogen bonding into blends of poly(styrene) and poly(butyl acrylate) on 

miscibility was studied by DSC, TEM and IR. Incorporation of strong 

proton-donor groups into PS apparently promotes its miscibility with PBA due 

to hydrogen bonding. Single phase IPN can be prepared but much higher 

content of the proton-donor is needed in comparison with the corresponding 

blend without crosslinking. The interlocking structure of the networks 

appears unfavourable to forming real miscible IPNs. 

Introduction 

The existing techniques to improve compatibility or miscibility in polymer 

blends can be broadly classified into two catagories - physical and chemical. 

In the former, preparing interpenetrating polymer networks (IPN) has 

proved interesting and fruitful (1). A basic and important conclusion in IPN 

studies is that the crosslinking structure in one or both of the component 

polymers is advantageous to compatibility as indicated by phase size, 

specific phase surface area etc. As for the chemical approach, a great 

progress has been made in recent years. By introducing ions or polar 

groups capable of establishing specific interactions (ion-ion, hydrogen 

bonding, complexation between electron-donor and electron-acceptor etc.) 

between the polymer components into a otherwise immiscible blend, the 

miscibility can be considerably enhanced. For example, incorporation of the 

units carrying strong proton donor groups (CF3) ztOH)C- into PS, even the 

amount is as small as about 2 mol%, would make PS miscible with a series of 

carbonyl-containing polymers (2-4). A remarkable advantage of this approach 

is that by adjusting the conditions of polymerization, one can control 

hydrogen bonding between the hydroxyl and carbonyl groups, which are 

connected to the two components respectively, and hence the morphology and 

properties of the blends. In this study, we concentrate on combining the two 

major approachs by introducing intermolecular hydrogen bonding into IPN. 

Meanwhile, we adress the following questions: Are the respective effects 

caused by crosslinking and hydrogen bonding synergestic, simply additive or 

subtractive? Is it possible to produce a genuine single phase IPN by 

introducing hydrogen bonding into otherwise immiscble polymer networks ? 

*To whom offprint requests should be sent 
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E x p e r i m e n t a l  

r a ~ z t e r C a L s  H y d r o x y l - c o n t a i n i n g  m o n o m e r  p -  ( 1 , 1 , 1 , 3 , 3 , 3 , - h e x a f l u o r o - 2 -  

h y d r o x y p r o p y l ) -  c ~ - m e t h y l  s t y r e n e  (HFMS) was  p r e p a r e d  a s  d e s c r i b e d  

p r e v i o u s l y  (2) .  S t y r e n e  ( S h a n g h a i  Gaoq iao  C h e m i c a l  Co.), b u t y l  a c r y l a t e  

(BA, Be i j i ng  D o n g f a n g  C h e m i c a l  F a c t o r y ) ,  a c r y l i c  a n h y d r i d e  (AA, A l d r i c h )  a n d  

d i v i n y l b e n z e n e  (DB, E .Merck)  w e r e  p u r i f i e d  b e f o r e  u se .  

Preper~z~i.on. o f  PBA n~f:~:~r]~ and. ZPN PBA n e t w o r k s  w i t h  d i f f e r e n t  

d e g r e e  o f  c r o s s l i n k i n g  w e r e  p r e p a r e d  b y  f r e e - r a d i c a l  b u l k  p o l y m e r i z a t i o n .  In  

a d r y  n i t r o g e n  a t o m o s p h e r e ,  p u r i f i e d  BA was  m i x e d  w i t h  0 .5  wt% i n i t i a t o r  

AIBN a n d  a d e s i r e d  a m o u n t  of  c r o s s l i n k i n g  a g e n t  AA. The  m i x t u r e  was  k e p t  in  

a s e a l e d  p o l y m e r i z a t i o n  mold  f o r m e d  b y  r e c t a n g u l a r  g l a s s  p l a t e s  a t  60~ fo r  

24  h r s  a n d  t h e n  a t  90 ~  a n d  1000C f o r  2 h r s  s u c c e s s i v e l y .  T h e  PBA n e t w o r k  

f i lms  we re  t h e n  d r i e d  u n d e r  v a c u u m  f o r  a t  l e a s t  72 h r s .  Al l  f u l l  IPN's  of  

PBA a n d  PS(OH) ( C o p o l y m e r  of  s t y r e n e  a n d  HFMS) w i t h  d i f f e r e n t  d e g r e e s  of  

c r o s s l i n k i n g  of  PBA n e t w o r k s  a n d  c o n t e n t s  o f  t h e  h y d r o x y l  g r o u p s  in  

PS(OH) n e t w o r k s  w e r e  p r e p a r e d  b y  a s e q u e n t i a l  p r o c e d u r e .  F i r s t ,  PBA n e t w o r k  

was  s w o l l e n  w i t h  a m i x t u r e  of  d e s i r e d  a m o u n t  of  s t y r e n e ,  1 wt% i n i t i a t o r  

BPO, 1 tool % c r o s s l i n k i n g  a g e n t  DB a n d  p r e s c r i b e d  a m o u n t  of  HFMS. T h e  
s w o l l e n  f i lm was  a l l o w e d  to  r e a c h  u n i f o r m i t y  i n  c o m p o s i t i o n  v i a  d i f f u s i o n  

fo r  24  h r s  in  a s e a l e d  ce l l .  C o p o l y m e r i z a t i o n  of  s t y r e n e  a n d  HFMS a n d  d r y i n g  

o f  t h e  r e s u l t a n t  IPNs w e r e  p e r f o r m e d  u s i n g  t h e  s a m e  t e m p e r a t u r e  p r o g r a m m e  

as  t h a t  f o r  PBA n e t w o r k s .  T h e  s a m p l e s '  c o d e s  a n d  c o m p o s i t i o n s  a r e  l i s t e d  in  

T a b l e  1. In  s e r i e s  A, t h e  s a m p l e s  h a v e  t h e  s a m e  c r o s s l i n k i n g  d e n s i t y  i n  PBA 

n e t w o r k s  b u t  d i f f e r e n t  h y d r o x y l  c o n t e n t s  a s  i n d i c a t e d  b y  t h e  n u m e r a l  

f o l l o w i n g  t h e  code  A. S e r i e s  B, i n  w h i c h  t h e  h y d r o x y l  c o n t e n t  is  a l m o s t  

i d e n t i c a l ,  h a s  d i f f e r e n t  c o n t e n t s  of  AA u n i t s  i n  PBA n e t w o r k s  a s  i n d i c a t e d  

b y  t h e  n u m e r a l  a f t e r  code  B. 

Ct1~zract.er'i.zat.Y..o~_ T h e r m a l  a n a l y s i s  o f  IPN s a m p l e s  was  p e r f o r m e d  w i t h  a 

D u p o n t  1090B d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t e r  o v e r  a t e m p e r a t u r e  r a n g e  f rom 
O O 0 

- 8 0  C t o  150 C a t  a s c a n n i n ~  r a t e  o f  20 C/min .  Be fo re  t h e  m e a s u r e m e n t s ,  t h e  

s a m p l e s  w e r e  a n n e a l e d  a t  100 C f o r  20  m i n u t e s  fo l l owed  b y  s l o w l y  c o o l i n g  to  

room t e m p e r a t u r e .  A P e r k i n - E l m e r  938 G i n f r a r e d  s p e c t r o s c o p e  was  u s e d  to  

m e a s u r e  IR s p e c t r a .  T h e  s p e c i m e n s  u s e d  we re  t h i n  s e c t i o n s  p r o d u c e d  b y  

c u t t i n g  t h e  IPN f i lms  w i t h  a A r k o n  m i c r o t o m e .  T h e  h y d r o x y l  c o n t e n t s  in  IPNs 

w e r e  d e t e r m i n e d  b y  f l u o r i n e  a n a l y s i s .  M o r p h o l o g i c a l  o b s e r v a t i o n  was  c a r r i e d  

o u t  w i t h  a H i t a c h i  HSO0 e l e c t r o n  m i c r o s c o p e .  U l t r a t h i n  s e c t i o n s  of  t h e  IPN's  

w e r e  m a d e  b y  u l t r a t o m i n g  t h e  f i lms  f o l l o w e d  b y  s e l e c t i v e  s t a i n i n g  o f  PS(OH) 

w i t h  v a p o u r  o f  d i l u t e  s o l u t i o n  of  RuO 4 i n  w a t e r  (2) .  

T h e  a v e r a g e  m o l e c u l a r  w e i g h t s  b e t w e e n  c r o s s l i n k s  Mc of  PBA n e t w o r k s  we re  

c a l c u l a t e d  f rom s w e l l i n g  m e a s u r e m e n t s  in  m e t h y l  e t h y l  k e t o n e  a c c o r d i n g  to  
F l o r y - R e h n e r  e q u a t i o n  (5)  . T h e  s o l v e n t - p o l y m e r  i n t e r a c t i o n  p a r a m e t e r  f o r  

t h e  p r e s e n t  c a s e  i s  0 .358  (5) .  T h e  Mc a n d  Tg v a l u e s  f o r  PBA n e t w o r k s  
o b t a i n e d  a r e  l i s t e d  in  T a b l e  2. As e x p e c t e d ,  Mc d e c r e a s e s  a s  t h e  c o n t e n t  

of  t h e  c r o s s l i n k i n g  e g e n t  i n c r e a s e s  a c c o m p a n i e d  b y  a s m a l l  b u t  c l e a r  

i n c r e a s e  o f  Tg. 
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T a b l e  1. T h e  c o m p o s i t i o n s  of  PBA/PS(OH) IPN's  

s a m p l e  code  c o m p o s i t i o n  AA c o n t e n t  i n  OH c o n t e n t  i n  

PS(OH)/PBA PBA w t  % PS(OH), tool% 

A0 5 3 / 4 7  1.0 0 

A1 5 3 / 4 7  1.0 1.0 

A6 5 2 / 4 8  1.0 6 .4  

A22 (B1) 5 0 / 5 0  1.0 22 .3  

B2 5 0 / 5 0  2 .0  23 .4  

B3 5 1 / 4 9  3 .0  24.1 

B5 5 1 / 4 9  5 .0  22 .9  

T a b l e  2 C h a r a c t e r i z a t i o n  D a t a  of  PBA n e t w o r k s  

Sample AA content Mc Tg (~ 
wt% (g/tool) 

PBA1 1.0 7430  - 4 0 . 7  

PBA2 2.0  3050  - 4 1 . 6  

PBA3 3.0  1840 - 3 9 . 3  

PBA5 5.0  1550 - 3 7 . 1  

R e s u l t s  a n d  D i s c u s s i o n  

T h e  DSC r e s u l t s  of  s e r i e s  A, i n  w h i c h  PBA is  l i g h t l y  c r o s s l i n k e d  w i t h  Mc = 

7430  g/ tool ,  a r e  s h o w n  i n  Fig.1 a n d  T a b l e  3. IPN A0 c l e a r l y  p r e s e n t s  two 

g l a s s  t r a n s i t i o n s .  T h e  l o w e r  one  i s  c l o s e  to  t h a t  fo r  p u r e  PBA a n d  t h e  

h i g h e r  one  (84 .7  ~ i s  s o m e w h a t  l o w e r  t h a n  p u r e  PS. However ,  i n c o r p o r a t i o n  

of  h y d r o x y l  i n t o  PS a p p a r e n t l y  c h a n g e s  t h e  p h a s e  b e h a v i o u r  a s  s e e n  in  t h e  

DSC t r a c e s  fo r  A1 a n d  A6. A l t h o u g h  t h e  two  t r a n s i t i o n s  s t i l l  e x i s t ,  t h e  

h i g h e r  o n e  a p p a r e n t e l y  s h i f t s  t o  m u c h  l o w e r  t e m p e r a t u r e s  (41 .20C a n d  40.2QC) 

so t h e r e  s e e m s  no  r e a s o n  to  a t t r i b u t e  t h i s  t r a n s i t i o n  to  t h e  s o - c a l l e d  

" p o l y s t y r e n e - r i c h "  p h a s e .  Howeve r ,  i t  is  r e l a t i v e l y  c lo se  to  t h e  Tgs  (30aC 

a n d  34  C) of  t h e  b l e n d s  c o m p o s e d  o f  l i n e a r  PBA a n d  PS(OH) ( 4 0 / 6 0  wt )  w i t h  

r e s p e c t i v e  h y d r o x y l  c o n t e n t s  1.9 a n d  9.7 mol % (2).  T h e r e f o r e ,  we a r e  

i n c l i n e d  to  s a y  t h a t  IPN's  A1 a n d  A6 a r e  m u l t i p h a s e  s y s t e m s  c o m p r i s i n g  a 

PBA p h a s e  a n d  a p h a s e  c o m p o s e d  o f  c o m p a r a b l e  a m o u n t s  of  PBA a n d  PS, 

c a l l e d  a " ' m i x e d  p h a s e " '  be low.  D i f f e r i n g  f rom a l l  t h e  o t h e r s  in  F i g . l ,  IPN 

A22 s h o w s  t h e  t h e r m a l  b e h a v i o u r  of  a h o m o g e n e o u s ,  m i s c i b l e  b l e n d ,  i .e . ,  t h e r e  

i s  o n l y  one ,  r e l a t i v e l y  n a r r o w  g l a s s  t r a n s i t i o n .  T h e r e f o r e ,  t h e  m i n i m u m  

v a l u e  of  t h e  h y d r o x y l  c o n t e n t  n e e d e d  t o  m a k e  t h e  IPNs m i s c i b l e  s h o u l d  b e  

b e t w e e n  6 .4  to  22 .3  tool %. By c o m p a r i n g  w i t h  t h e  r e s u l t s  f o r  t h e  b l e n d s  of  

l i n e a r  p o l y m e r s  (2) ,  i n  w h i c h  o n l y  a b o u t  2 tool% of  t h e  i n t r o d u c e d  h y d r o x y l  

r e n d e r s  t h e  b l e n d s  m i s c i b l e ,  i t  i s  v e r y  c l e a r  t h a t  fo r  t h e  IPN s y s t e m s ,  t r u e  

m i s c i b l e ,  h o m o g e n e o u s  s t a t e  c a n  be  r e a l i z e d  b u t  m u c h  h i g h e r  h y d r o x y l  c o n t e n t  

i s  n e e d e d .  
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Fig.1 DSC r e s u l t s  of  IPN s e r i e s  A Fig .2  IR s p e c t r a  of  s e r i e s  A , p a r t  

a s s o c i a t e d  w i t h  OH s t r e t c h i n g  

i s  s h o w n  

T a b l e  3. T h e  g l a s s  t e m p e r a t u r e  Tgs  of  IPN A a n d  B s e r i e s  

S a m p l e  code  Tg (~ S a m p l e  Code Tg (~ 

A0 - 4 3 . 8  84 .7  B1 39.7  

A1 - 4 0 . 6  41 .2  B2 - 4 5 . 4  38.1 

A6 - 4 3 . 5  40 .2  B3 - 4 4 . 1  27.1 

A22 39.7  B5 - 4 2 . 4  38.1 

As  t h a t  o b s e r v e d  i n  t h e  b l e n d s  w i t h o u t  c r o s s l i n k i n g  (2) ,  t h e  s t r e t c h i n g  b a n d  

of  h y d r o x y l  i n  t h e  IR s p e c t r a  of  IPNs A (Fig~2) s h i f t s  to  l ower  f r e q u e n c y  b y  
a s  m u c h  a s  a b o u t  200  cm -I r e a c h i n g  3400  cm -I d u e  t o  H - b o n d i n g .  Howeve r ,  fo r  

A1, a s m a l l  b a n d  a t  3600  c m  1 , -  c h a r a c t e r i s t i c  of  f r e e  h y d r o x y l  s t r e t c h i n g ,  

c a n  s t i l l  b e  d e t e c t e d  b u t  d i s a p p e a r s  in  t h e  s p e c t r a  o f  A6 a n d  A22.  S l i g h t l y  
d i f f e r i n g  f rom t h e  c a s e  of  b l e n d s  of  l i n e a r  p o l y m e r s  w h e r e  t h e  f r e q u e n c y  

s h i f t  i s  i n d e p e n d e n t  o f  t h e  h y d r o x y l  c o n t e n t ,  t h e  s h i f t  i n  t h e  p r e s n e t  c a s e  

v a r i e s  o v e r  a r a n g e  of  10 cm -! d e p e n d i n g  on  t h e  h y d r o x y l  c o n t e n t .  A g e n e r a l  

t r e n d  of  t h e  m i s c i b i l i t y  i n c r e a s i n g  w i t h  t h e  h y d r o x y l  c o n t e n t  c a n  b e  s e e n  

more  c l e a r l y  b y  e x a m i n i n g  t h e  r e l a t e d  e l e c t r o n  m i c r o g r a p h s .  F i g . 3 a  fo r  A0, 

in  w h i c h  no  h y d r o x y l  w as  i n c o r p o r a t e d ,  p r e s e n t s  a m u l t i p h a s e  m o r p h o l o g y  b u t  

w i t h o u t  d i s t i n c t  p h a s e  b o u n d a r y ,  t h i s  i s  b e l i e v e d  to  be  c a u s e d  b y  t h e  
p r e s e n c e  o f  c r o s s l i n k i n g .  I t  i s  n o t e d  f rom F i g . 3 b  a n d  3c t h a t  t h e  m o r p h o l o g y  
a p p a r e n t l y  c h a n g e s  w h e n  h y d r o x y l  i s  i n t r o d u c e d  i n t o  PS(OH) n e t w o r k s .  Now t h e  
s i ze  of  t h e  d a r k  a rea ,  c o m p r i s i n g  PS(OH) c o m p o n e n t  t u r n s  s m a l l e r  a n d  

s m a l l e r  a n d  t h e  c o e x i s t i n g  two p h a s e s  show h i g h e r  a n d  h i g h e r  l e v e l  of  
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interconnectivity. IPN A22 is the only sample transparent showing no 

structure under electron microscope, so both morphological study and DSC 

measurement lead to the conclusion of its complete miscibility. 

Fig.3 Elec t ron  micrographs of A0 (a), A1 (b) and A6(c) 

o 

B2 

B3 

B5 

--80 --40 0 40 80 120 
Temp.(~ 

Fig.4 DSC results of IPN series B 
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Fig.5 IR spectra of series B, only 

part associated with OH stretching 

is shown 

The parallel study on B series, in which the crosslinking density of PBA 
networks varies but hydroxyl content in PS(OH) is around 22%, clearly 

reveals the effect of crosslinking on the miscibility. Fig.4 and Tab.3 show 

that except B1 (A22) with the least crosslinking density, all the samples 

are multiphase systems. Based on the Tg data (Tab.3) it is not difficult to 
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c o n c l u d e  t h a t  t h e  two  p h a s e s  e x i s t i n g  a r e  PBA p h a s e  a n d  a p h a s e  c o m p o s e d  

of  PBA a n d  PS(OH) i n  c o m p a r a b l e  p r o p o r t i o n s .  I t  i s  i n t e r e s t i n g  t h a t  in  t h i s  

s e r i e s ,  a l t h o u g h  t h e  c r o s s l i n k i n g  d e n s i t y  c h a n g e s  c o n s i d e r a b l y ,  t h e r e  i s  no  

a p p a r e n t  c h a n g e  of  t h e  h i g h e r  Tg v a l u e ,  w h i c h  s u g g e s t s  t h a t  t h e  c o m p o s i t i o n  

of  t h e  m i x e d  p h a s e  i s  a l m o s t  i n d e p e n d e n t  of  t h e  c r o s s l i n k i n g .  T h e  

m u l t i p h a s e  c h a r a c t e r  o f  B5 i s  c o n f i r m e d  b y  m i c r o s c o p i c  o b s e r v a t i o n  s h o w i n g  

v e r y  f i n e  i n t e r p e n e t r a t i n g  p h a s e  s t r u c t u r e .  Howeve r ,  T h e  IR s p e c t r a ,  i n  

w h i c h  t h e  b a n d  a t  3 6 0 0  cm " |  d i s p p e a r s ,  i n d i c a t e  t h a t  a l l  h y d r o x y l  g r o u p s  a r e  

i n v o l v e d  i n  H - b o n d i n g  e v e n  t h e  p h a s e  s e p a r a t i o n  o c c u r s .  B e s i d e s ,  t h e  s p e c t r a  

show t h a t  t h e  H - b o n d i n g  i n t e n s i t y  s l i g h t l y  i n c r e a s e s  a s  t h e  c r o s s l i n k i n g  

d e n s i t y  i n c r e a s e s .  

T h e r e  a r e  o n l y  a few c a s e s  in  l i t e r e t u r e  d e a l i n g  w i t h  IPN s y s t e m  h a v i n g  

i n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g .  N i s h i  e t  a l . ( 6 )  s t u d i e d  p o l y ( o x y e t h y l e n e ) /  

p o l y ( a c r y l i c  ac id )  s y s t e m s .  T h e y  f o u n d  t h a t  o n l y  in  t h e  IPNs w i t h  l i g h t  

c r o s s l i n k i n g ,  t h e  c o m p o n e n t s  fo rm c o m p l e x  l e a d i n g  to  h o m o g e n e i t y ,  a s  in  t h e  

b l e n d s  of  t h e  c o r r e s p o n d i n g  n o n - c r o s s l i n k e d  p o l y m e r s .  However ,  a s  t h e  

c r o s s l i n k i n g  d e n s i t y  of  POE i n c r e a s e s ,  t h e  b l e n d s  t u r n  to  a m u l t i - p h a s e  

s y s t e m .  T h i s  r e s u l t  c l e a r l y  s h o w s  t h e  u n f a v o u r a b l e  e f f e c t  of  c r o s s l i n k i n g  on  

t h e  H - b o n d  f o r m a t i o n .  R e c e n t l y ,  C o l em an  e t  a l . ( 7 )  r e p o r t e d  t h a t  e v e n  for  t h e  

s t r o n g l y  i n t e r a c t i n g  s y s t e m s  ( E V A / p h e n o l i c  r e s i n ) ,  p h a s e  s e p a r a t i o n  o c c u r r e d  

o n  c r o s s l i n k i n g .  A s i m i l a r  c o n c l u s i o n  c a n  be  f o u n d  in  a r e c e n t  c o m m u n i c a t i o n  

of  Kim e t  a l . (8 ) .  As j u s t  m e n t i o n e d ,  in  o u r  e x p e r i m e n t ,  we d id  f i n d  t h e  

u n f a v o u r a b l e  r o l e  o f  c r o s s l i n k i n g  on  m i s c i b i l i t y ,  h o w e v e r ,  i n  o u r  c a s e ,  

b e c a u s e  t h e  i n t r o d u c e d  h y d r o x y l - c o n t a i n i n g  u n i t s  o n l y  e x i s t e d  in  a m i n o r  

p a r t  of  PS(OH) c h a i n s ,  a l m o s t  a l l  of  t h e m  w e r e  s t i l l  a b l e  to  form H - b o n d s  

due  to  t h e  e x i s t a n c e  of  m u c h  h i g h e r  a m o u n t  of  c a r b o n y l  g r o u p s ,  e v e n  t h o u g h  

p h a s e  s e p a r a t i o n  o c c u r r e d .  Now we m a y  a s k  w h y  c r o s s l i n k i n g  a p p e a r s  to  p l a y  

o p p o s i t e  r o l e s  a s  r e g a r d  m i s c i b i l i t y  in  IPNs c o m p o s e d  of  i m m i s c i b l e  p a i r s  

a n d  s t r o n g l y  i n t e r a c t i n g  p a i r s .  Fo r  t h e  f o r m e r  c a s e ,  i n t u i t i v e l y ,  t h e  

i n t e r l o c k i n g  n e t w o r k  s t r u c t u r e  r e d u c e s  t h e  m o l e c u l a r  m o b i l i t y  n e c e s s a r y  fo r  

p h a s e  s e p a r a t i o n  a n d  a g g r e g a t i o n .  T h e r e f o r e ,  t h e  d e n s e r  t h e  c r o s s l i n k i n g  of  

p o l y m e r  n e t w o r k s ,  t h e  s m a l l e r  t h e  p h a s e  d o m a i n s  wi l l  be .  Howeve r ,  a s  f a r  a s  

we know,  t h e r e  h a s  n o t  b e e n  a n y  c a s e  r e p r o t e d  t h a t  a e n t i r e l y  h o m o g e n e o u s  

s t r u c t u r e  c a n  be  r e a c h e d  f rom a t y p i c a l  i m m i s c i b l e  p o l y m e r  p a i r  o n l y  b y  

i n t r o d u c i n g  c r o s s l i n k s .  E v e n  f o r  t h e  c a s e  o f  IPN c o m p o s e d  of  p o l y ( e t h y l  

a c r y l a t e )  a n d  p o l y ( m e t h y l  m e t h a c r y l a t e )  w h i c h  a r e  " s l i g h t l y  i m m i s c i b l e "  due  

to  t h e i r  s i m i l a r  s o l u b i l i t y  p a r a m e t e r s ,  o n l y  a r a t h e r  b r o a d  t r a n s i t i o n  was  
o b s e r v e d  in  t h e  m o d u l u s - t e m p e r a t u r e  c u r v e s  (9) .  T h e r e f o r e ,  i n  o u r  o p i n i o n ,  a 

c e r t a i n  l i m i t a t i o n  e x i s t s  i n  t h e  m i s c i b i l i t y  i m p r o v e m e n t  b y  c r o s s l i n k i n g .  

Fo r  t h e  c a s e  i n  w h i c h  t h e  c o m p o n e n t s  m a y  form a m i s c i b l e  s y s t e m  d u e  to  

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

k e e p  i t s  m i s c i b i l i t y  on  s e g m e n t a l  s c a l e  w h e n  c r o s s l i n k  s t r u c t u r e  i s  

i n t r o d u c e d .  I t  i s  r e a s o n a b l e  to  t h i n k  t h a t  e n t i r e  h o m o g e n e i t y  a l so  n e e d s  

s u f f i c i e n t  m o b i l i t y  o f  t h e  c o m p o n e n t  m o l e c u l e s .  Howeve r ,  t h e  i n t e r l o c k i n g  
s t r u c t u r e  of  t h e  c o m p o s e d  n e t w o r k s  r e d u c e s  t h e  m o b i l i t y ,  t h e r e f o r e ,  m i s c i b l e  

IPNs c a n n o t  be  p r e p a r e d  u n l e s s  t h e  i n t e r a c t i o n  i s  s t r o n g  e n o u g h  a n d  t h e  

c r o s s l i n k i n g  d e n s i t y  i s  n o t  v e r y  h i g h  as  we h a v e  s e e n  i n  IPN A22 (B1). 
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