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Summar~ 

Influence of the temperature on the compatibility 
of the polystyrene / AB-g-S graft copolymer / cyclo- 
hexanone have been studied by light scattering and vis- 
cosity measurement. It was established that the compa- 
tibility of components is changed in the temperature 
rar~e where the conformational transitions take place~ 

Introduction 

The study of the compatibility of polymer / poly- 
mer/ solvent systems by viscosity and light scattering 
measu remen t s  i n  d i l u t e d  s o l u t i o n s ,  has  been s u b j e c t  
of numerous reports (i - 12). The results of the two 
methods and the utilization of extrapolated values 
permit to get information not only on the compatibility 
b u t  also on the conformational transitions which takes 
place in the system depending on molecular weight, 
t e m p e r a t u r e ,  c m a p o s i t i o n ,  

Earlier studies (13 -tlS) regarding multic~a- 
ec. 

p o n e n t  s y s t e m s  c o n t a i n i n g  s t y r e n e  p o l y m e r s  have  made 
e v i d e n t  e i t h e r  t h e  e t e m p e r a t u r e  o r  a t r a n s i t i o n  f rom 
t h e  s e g r e g a t e d  e o z ~ o r m a t i o n  to  a g a u s s i a n  t y p e  one i n  
t h e  34 - 5OUC domain  d e p e n d i n g  on t h e  s o l v e n t  o r  r  
lymer matu re  and c e ~ p o a i t i o n .  

The pu rpose  o f  t h e  p r e s e n t  p a p e r  was t o  i n v e s t i -  
gate.tke, behavlour ef polystyrene / graft copolymer 
AB g S /oyolohexanone systems by light scattering and 
T i s o o s i t y  measu remen t s  a t  20 - 5OUt. 

~ x p e r i m e n t a l  

P o l y s t y r e n e  (PS) w i t h  M w = 305 x lO 5 and an 

AB-g~S g r a f t  r  w i t h  a v e r a g e  c o m p o s i t i o n  : 
5 .7  ~ moles  b u t a d i e n ~ ,  4807 ~ moles  s ~ y r e n e  and 45 .6  
melee  a c r y l o n i t r i l e  ( a s  e s t a b l i s h e d  by N MR measu remen t s )  
amd/~]~lueN t 25oc = 0.557 dl/g were received from 
Borsew Petrochemical Plant. Both products were initi- 
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a l l y  p u r i f i e d  b~y e x t r a c t i o n  w i t h  a n o n s o l v e n t  o r  by 
p r e c i p i t a t i o n .  

The m i x t u r e  r a t i o s  o f  t h e  components  werez 90/10~ 
7 5 / 2 5 ,  5 0 / 5 0 ,  25 /75  and 1 0 / 9 0 .  The s o l v e n t  used  was 
~ c l o h e x a n o n e  f r e s h l y  d i s t i l l e d o  

The study of PS/ AB-g-S/ solvent system com- 
patibility has been carried out by vlecoalty~ light . 
seatterlng~d interferometrical measurement in dilu 
~ed sol=flame. 

. AS a preliminary, the insoluble part from 
AB g-S copolymer was removed by centrlfngation the 
solutions at 16,0OO ~/m~ for 20 minutes followed by 
filtrating through a G-4 filter. 

Then t h e  c o n c e n t r a t i o n  c o r r e c t i o n s  were  made 
e i t h e r  by w e i g h i n g  t h e  i n s o l u b l e  p a r t  a f t e r  b e i n g  
t a k e n  t o  a c o n s t a n t  w e i g h t  o r  by t h e  e v a p o r a t i o n  o f  a 
known amount e f  t h e  f i l t r e d  s o l u t i o n .  

The v i s c o s i t y  o f  t h e  s i n g l e  components  and t h a t  
of the mixtures in the mentioned ratios.~ were measured 
i n  c y c l o h e x a n o n e  d i l u t e d  s o l u t i o n  u s i n g  a PCL suspended  
level dilution viscometer. A eerie of six solutions were 
prepared over a range of concentration of 0.3 - 1 
8/dl at ~0, 25, 35, 40 and 5000, within an accuracy 
of + O.2~0o The same solutions were used in the light 
scattering and Interferometrical measurements. 

The light scattering determinations were made 
with a PCL -Peaker instrument using the following 
conditions : range of temperature 20 T 5000, angular 
domain 40 - 90 ~ and wave length 4360 ~. From the depun- 
dence (c/Ro)o= 0 = f(T) (where R@ represents the inten- 

sity Rayleigh at the @ diffuelon angle of the system, 
and o - concentration), the optical density mc~ifica- 
tio~s were observed. 

The refractive index increments were determined 
by Z~elss interferometer at the same wave length and 
temperature range. 

Results and discussion 

Compatibility estimation of the PS / AB-g-S 
system in the presence of cyclohexanone was firstly 
made hy comparison of the values of limiting 
visc~netric numbers, eval=ated by extrapolation proce- 
dures (using the Huggins and Fuoss - Read equations). 
From the slope line then were estimated the values K I 
and KII. 

From t h e  [~ v e r s u s  c o m p o s i t i o n  p l o t s  p r e s e n t e d  i n  
the figure i, one can observe that the curves shape 
is highly dependent of the working temRerature. 

It can be seen that at 25 and 50~0 the values 
for all the mixtures are greater than additive ones~ 
while at 35 and 40~ the experimental points are placed 
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along a line traced as if an~y interaction between the 
=onponemts would be missing the behaviour being close 
to that of an ideal one. 

1.1 ,. (o) 
�9 ~ ~ ~1"1 k (b] 

~.7 ~ 

0.5 

030 2*5 50 75 I00~0 25 50 "~3 100 
,oo ?s so 2s o  s%1oo ?s so 2s o 

Figure i. The variation of ~he [~versus r 
tion for PS / AB-g-S mlx~u~es at different tem- 
peratures : (a )  25~ (o ,  ) and 50~ ( x ,  - - - ) ;  
(h) 35~ (x, - - - )  a.a 40~ (o, ) .  

A more evident variation with temperature of the 
beMavlour @f these systems is shown in figure 2. 
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Figure 2. The variation of the [~versus tempe- 
rature for PS / AB-E-S systems at different 
mixt~='e ratios : (a) PS (x); 90 % PS/IO ~ AB-g-S 
(.); 75 % PS/25 % AB-g-~ (~); I0 % PS/90 % AB-g-S 
Co); (b) 50 ~ ?S/50 ~ Aa-g-S (x); 25 ~ PS/ 75 
AB-S-S (.); AB-g-S (~). 

The variation with temperature is typical for 
each system, b~t all have a minimum of the viscosity 
in the range of temperature between 30 and 40~ 

Large deviations from the theoretical behaviour 
concerning dependence of [qJversus temperature is 
observed in the same range of temperature also in the 
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K I and KII val=es, presented in the table I. 

The sum K I and KII greatly differs from 0.5 at 

35 and 40~ The deviations increase with the incre- 
asing of the copolymer content. 

These variations are typical for the systems 
which present conformational transitions at tempera- 
tuLre modlfieation (13 - 15). 

To r this, h~poteeis we have done light 
scattering measurements following the variation of 
Raylelgh intensity with the diffusion angle and t e m p e -  
ratu~-e. 

For the polystyrene and the mixtures with a high 
content of polystyrene (75/25~ 90/iO). the curve extra- 
p o l a t i o n  c / ~  as  a f u n c t i o n  o f  t h e  d i f f u s i o n  a n g l e  a t  

@ = 0 e c o u l d  be c a r r i e d  o u t  w i t h o u t  any  d i f f i c u l t y  a t  
a l l  worming ~emperatm-e; fo r  t~ ,  AB-8-S or t h e  mixtures 
with high AB g-S content (10/90, 25/75; 50/50) these 
extrapolations c m ~ l d n ' t  be carried o~t (figure 3) of 
~ourse~ the solvent qmality and the nature of the two 
polymer components are responsable for the menti~eted 
difficulties. 

~~ t x4 

o 0 20 40 60 80 ~* 100 

Figure 3. Dependence of Rayleigh's rapport 
against the diffusion angle : ~I)- 90 % PS/ 
I0  ~ AB-g-S (26~ (2) PS (25uC); (3) AB-E-S 
(32oc); (4) ~o~ Ps/5o ~ AB-~-S (24oC). 

F o r  t h e  m i x t u r e s  w i t h  a h i g h  c o n t e n t  o f  PS t h e  
v a r i a t i o n  o f  ( c / R 9 ) 0 = 0 ,  a v a l u e  p r o p o r t i o n a l  t o  t h e  

s e c o n d  v i r i a l  c o e f f i c i e n t ,  was f o l l o w e d  as  f u n c t i o n  o f  
temperature (figure 4). 

In the temperatmre range 30 - 40~ there was obser- 
ved the apparition of some inflection the same as in 
the case of viscosity measurements. While the average 
molecular weight and mixture composition does not change 
with temperature, we suppose that the optical demsity 
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v a r i a t i o n s  a r e  due %o t h e  r e f r a c t i v e  i n d e x  i n c r e m e n t  
~ a m g e .  

From t h e  t a b l e  2 on c a n  s e e  a d e v i a t i o n  f r o m  t h e  
linear increase of the refractive index increment with 
tempera~are over the temperature range 30- 40~ It 
i s  s p r o o f  what  t h e  t e m p e r a t u r e  v a r i a t i o n s  and s o l v e n t  
q ~ a l i t y  d e t e r m i n e  t h e  a p p e a r a n c e  o f  t h e  r  
t r a n s i t i o n s  ( 1 6 ) .  

oO,8 

~' 0.6 
0 

0.4 

02 
| 

20 30 40 50 
T (~ 

F i g u r e  4 ,  u  o f  (c/R@}@= 0 a g a i n s t  t h e  

t e m p e r a t u r e  f o r  : ( a )  PS; ( b )  90 ~ PS / IO  9~ 
AB-g-S; ( c )  75 ~ PS/25 �9 AB-g-S, 

TABLE 2 
The r e f r a c t i v e  i n d e x  i n c r e m e n t s  a g a i n s t  t h e  
t amp e~a ~or e 

L 

I~ / AB-g-S 
�9 oc PS AB-g-S L25/75 75/25 50/50 

20 0.1482 0,1016 0.0996 0.1330 0.1270 
23 0.1500 0.1020 0.0997 0.1391 0.1275 
25 O.1510 O.1023 O. IO00 0.1415 O.1285 
28 O.1511 O.1035 O,1041 0.1435 0.1288 
30 O.1515 O.1026 0.1026 O.1444 O.1321 
32 0.1522 0.1031 0.1022 0.1457 0.1515 
34 O,1.525 0.1044 O.1014 O.1578 0.1319 
36 O.1544 O.1046 0.1016 O.1637 O.1348 
38 0.1,574 0,1046 0.1019 0.1695 0.1361 
40 - O. 1046 0.1030 0.1730 0.1380 
44 - 0.1046 0.1048 0.1766 0.1382 
47 - 0.1035 O.1067 O.1817 O.1393 

As we have o~tlined before the variation 
~e/RO~O with temperature couldn't studied for the 

mlx~ure with a high eontent of AB-g-S. Neverthelees~ 
as on can observe in figwre 5, for ~ifferent scattering 
angles, the temperature variation of c/R 6 ratio pro- 
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s e n t s  t h e  same a n o m a l i e s  i n  t h e  m e n t i o n e d  t e m p e r a t u r e  
r a n g e s  

Change o f  t h e  s t y r e n e  p o l y m e r s  c o n f o r m a t i o n  i n  
d i f f e r e n t  s o l v e n t s ,  i n  t h e  t e m p e r a t u r e  r a n g e  30 - 40~ 
w e re  made e v i d e n t  by o t h e r  a u t h o r s  t o o  (17 ~ l ~ ) o  

6Fb)  gd 

20 30 40 50 20 30 40 50 
T (~ T(~ ) 

Figure 5. Variation of  e/R@ against the 

temperature : (a) AB-g-S; 
(b) 25 ~ PS/75 ~ AB-A~S. 

The c h a n g e s  o b s e r v e d  a r e  more marked b e c a u s e  t h e  
c ~ e l o h e x a n o n e  i s  a p o o r  s o l v e n t  f o r  t h i s  s y s t e m  and ,  
b e c a u s e  o f  t h e  t e n d e ~ y  o f  t h e  g r a f t e d  c o p o l y m e r  t o  
p r e s e n t  m o l e c u l a r ,  a g g r e g a t i o n )  m i c e l l a t i o n  and n o n -  
g a u s s i a n  d i s t r i b u t i o n  of segments. 

I n  t h e  e a s e  ~ p o l y m e r  m i x ~ x r e s ,  t h e  d e E r e e  o f  
components eompatlbillty cha~gee) at the same time with 
t h e  c o n ~ o r m a t i o n a l  m o d i f i c a t i o n ,  s i n c e  t h e  number  o f  
l i k e  and u n l i k e  c o n t a c t s  i s  d i f f e r e n t .  

The p r e s e n t  results p o i n t  o u t  t h a t  non-similar 
heterocontacts decrease in the temperature range 35 - 
4000, where we can consider that @ temperature of the 
components and the mixtures exists 

A precise location of these temperature can't 
be achieved because one of the components is a auto- 
incompatible graft copolymer AB-g-S (20,21) which 
presents mar~y @ temperatures, like the mixtures which 
contain it. 

New arguments concerning the incompatibility of 
the two components of the PS/AB-g-S system will be 
presented in a next paper describing their behavlour 
in concentrated eol~tions and in solid state. 
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