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SUMMARY 

In this paper we have studied the viscometmic 
and refractometmic behavioum of several fractions of PMMA in 
the acetonitrile/L-menthol binary solvent as a function of 
composition of L-menthol. A conformational transition has 
been found in the composition interval of 16-19~ L-menthol. 

INTRODUCTION 

Frequently the adition of a non-solvent to a 
p o l y m e r  s o l u t i o n  m a k e  p o o r e r  t h e  s y s t e m  ( 1 - I 0 ) .  H o w e v e r ,  i n  
a f e w  c a s e s  i t  i s  o b s e r v e d  a n  i n c r e a s e  o f  t h e  s o l v e n t  p o w e r  o f  
t h e  b i n a r y  m i x t u r e  ( 1 1 - 1 6 ) .  T h i s  s i n e p g i c  e f f e c t  i s  e v i d e n c e d  
b y  a n  i n c r e a s e  o f  t h e  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 m e r .  I n  
t h e  l i t e r a t u r e  h a v e  b e e n  d e s c r i b e d  s o m e  o f  t h e s e  s y s t e m s  ( 1 7 -  
2 5 ) .  F o r  p o l y ( m e t h y l  m e t h a c r y l a t e )  f o r  i n s t a n c e  t h e  a m t l  a c e -  
t a t e / C C 1 A ( 2 6 ) ,  C C 1 A / 1 - p r o p a n o l  ( 2 7 ) ,  C C l ~ / 1 - b u t a n o l ( 2 8 ) ,  a c e t o -  
n i t r i l e / ~ - b u t y l  c h T o r i d e  ( 2 9 ) ,  e t c .  m i x t f i r e s .  

I n  t h i s  p a p e r  we h a v e  s t u d i e d  t h e  v i s c o m e t r i c  
a n d  r e f p a c t o m e t r i c  b e h a v i o u r  o f  p o l y ( m e t h y l  m e t h a c r y l a t e )  i n  
t h e  a c e t o n i t r i l e ( 1 ) / L - m e n t h o l ( 2 )  c o s o l v e n t  m i x t u r e  i n  t h e  c o m -  
p o s i t i o n  r a n g e  10 < U 2 < 2 4 ~  L - m e n t h o l  u s i n g  f o u r  PMMA f r a c -  
t i o n s .  

EXPERIMENTAL 

T h e  a c e t o n i t p i l e  ( C a r l o  E p b a  RPE)  u s e d  w a s  d r i e d  
r i g o u s l y  a n d  d i s t i l l e d  b e f o r e  u s e  t h r o u g h  a p a c k e d  c o l u m n  a n d  
a c e n t e r  c u t  o f  c o n s t a n t  b o i l i n g  p o i n t  w a s  c o l l e c t e d .  P u r i t y  
w a s  c h e c k e d  b y  b o i l i n g  p o i n t  a n d  r e f r a c t i v e  i n d e x .  T h e  n 25  o f  
t h e  c e n t e r  c u t s  r a n g e d  f r o m  1 , 3 4 1 4 3  t o  1 . 3 4 1 4 8 .  

S i x  PMMA f r a c t i o n s  o f  n o m i n a l  p o l y d i s p e r s i t y  i n -  
dices Mw/MN 1.20 were used in thid work. 

Viscosities of PMMA fractions were measured, at 
298 K, in the binary solvent mixture acetonitrile(1)/L-menthol 
(2) in the composition range I0 < U 2 < 24~ L-menthol, with a 
modified Ubbelohde type capyllapy dilution viscometer. 

Solutions were prepared by dissolving a measured 
quantity of sample in acetonitrile in the viscometer. Concen- 
trations of the solutions were so adjusted that the specific 
viscosities ranged from 0.I to 0.6. Each fraction was studied 
at a minimum of six concentrations. The flow times of the sol- 
vent ranges between 120 to 160 s., depending on the composition 
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o n  t h e  c o m p o s i t i o n  o f  t h e  b i n a r y  m i x t u r e ;  t h u s  n o  k i n e t i c  e n e r -  
g y  c o r r e c t i o n  w a s  r e q u i e r e d .  F l o w  t i m e s  w e r e  r e p r o d u c i b l e  w i t h -  
i n  2 0 . 0 3  s .  T h e  s h e a r  r a t e  c o r r e c t i o n s  f o r  i n t r i n s i c  v i s c o s i -  
t i e s  l o w e r  t h a n  3 . 8 0  d l . g  - 1  w e r e  n e g l i g i b l e  a n d  t h e r e f o r e  o m i -  
t t e d .  

The  v a l u e s  o f  n s p / C  a n d  i n  n r / C  w e r e  p l o t t e d  
a g a i n s t  c o n c e n t r a t i o n  a n d  e x t r a p o l a t e d  t o  c = 0 .  T h e  H u g g i n s  
c o n s t a n t s  k H w e r e  t h e n  c a l c u l a t e d .  

O s m o t i c  p r e s s u r e s  w e r e  m e a s u r e d  i n  t o l u e n e  a t  
308 K i n  a K n a u e r  o s m o m e t e r .  F i v e  c o n c e n t r a t i o n s  w e r e  e x a m i n e d  
f o e  e a c h  s a m p l e  i n  o r d e r  t o  e x t r a p o l a t e  ~ / c  t o  c = 0 .  

T h e  v a l u e  o f  d n / d c ,  f o e  l i g h t  o f  w a v e l e n g t h  633  
nm,  o f  PMMA i n  t h e  b i n a r y  m i x t u r e  a t  298 K w a s  m e a s u r e d  u s i n g  
a d i f f e r e n t i a l  B r i c e - P h o e n i x  r e f r a c t o m e t e r ,  e q u i p p e d  w i t h  a 
H e - N e  l a s e r  w h i c h  e m i t s  w i t h  a p o w e r  o f  1 mW. A s e a l e d  c e l l  
w i t h  T e f l o n  s t o p p e r s  w a s  u s e d .  C a l i b r a t i o n  w a s  e f f e c t e d  a t  298 
K w i t h  a q u e o u s  s o l u t i o n s  o f  KC1 o f  d i f f e r e n t  c o n c e n t r a t i o n s  
( e x p r e s s e d  i n  g .  s a l t z / 1 0 0  g .  o f  w a t e r ) .  

S o l v e n t  m i x t u r e s  o f  a c e t o n i t r i l e  ( 1 ) / L - m e n t h o l  
( 2 )  w e r e  m a d e  u p  b y  w e i g h t .  T h e  r e f r a c t i v e  i n d e x  o f  t h e  b i n a r y  
s o l v e n t  m i x t u r e s  w a s  m e a s u r e d  w i t h  a Abb~ r e f r a c t o m e t e r  a t  298  
K a n d  633  n m . .  p r e v i o u s l y  c a l i b r a t e d  w i t h  s e v e r a l  o r g a n i c  l i -  
q u i d s  f o r  w h i c h  t h e  r e f r a c t i v e  i n d i c e s  w e r e  k n o w n  ( 3 0 , 3 1 ) .  T h e  
m a x i m u m  e r r o r  i n  d e t e r m i n i n g  t h e  r e f r a c t i v e  i n d e x  w a s  o f  
2 5 . 1 0 - 4 .  

RESULTS AND DISCUSSION 

Figure I shows the plot of the k and a Mark-Hou- 
wink-Sakurada parameters versus the binary mixture composition, 

U 2. As it can be seen in this figure, the a parameter decreases 
initially, remaining then constant in the composition range 13- 
19~ L-menthol. At higher L-menthol concentrations the a expone- 
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F i g u r e  1.  C o n s t a n t s  k a n d  a o f  M a r k - t l o u w i n k -  
S a k u r a d a  e q u a t i o n  v e r s u s  s o l v e n t  c o m p o s i t T o n  U 2 f o e  t h e  s y s t e m  
P M M A / a c e t o n i t r i l e ( 1 ) / L - m e n t h o l ( 2 ) .  
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nt decreases again continuosly. As in our case, the excess 
Gibbs free energy, G E, is very small (32); this means the poly- 
mer can interact with any of the two components of the binary 
mixture. However, the obtained experimental results indicate 
that the PMMA is initially solved by the acetonitrile. The sta- 
bilization of the thermodynamic conditions of the system bet- 
ween 13 to 19% L-menthol can be due to the fact that the L-men- 
thol hinders the access of acetonitrile molecules to macromole- 
cule coil, ~he polymer adopting a more rigid structure. 

The sharp variation of a parameter for U 2 > 19% 
L-menthol can be due to a conformation~l transition phenomena 
in PMMA. dn/dc Measurements confirm this result, as it can be 
seen in Figure 2. Likewise, the k parameter shows a similar be- 
haviour. We believe that the conformational transition is indu- 
ced by a selective sorption of acetonitrile molecules on the 
lateral groups of the PMMA chains, probably due to hydrogen 
bond formation with the carboxilic groups of the PMMA. As the 
PMMA is an appreciable polar polymer, the >C=O groups must be 
the principal responsible for the short distance interactions, 
and therefore, for the unperturbed dimensions of the chain(33). 

At U 2 ~ 22% L-menthol the system is under "id- 
eal" condition (theta condition a = 0.5). Away off this binary 
composition the system is below theta condition and then PMMA- 
PMMA contacts are more favoured. 

Figure 3 illustrates the variation of the K O 

parameter, characterizing the unperturbed dimensions of PHMA, 
and B, the polymer-solvent mixture interaction parameter, res- 
pectively. Both quantities were obtained using the Stockmayer- 
Fixman equation (34)- The obtained values for the Ko parameter 
show that PMMA becomes more rigid as in the binary golvent mix- 
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F i g u r e  2. V a r i a t i o n  o f  d n / d c  v e r s u s  s o l v e n t  c o m -  
p o s i t i o n  U 2 f o r  t h e  s y s t e m  P M M A / a c e t o n i t r i l e ( 1 ) / L - m e n t h o l ( 2 ) .  
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F i g u r e  3. P l o ~  ~ f  K 0 p a r a m e t e r  v e r s u s  t h e  s o l -  
v e n t  c o m p o s i t i o n ,  U 2, f o r  t h e  s y s t e m  P M M A / a c e t o n i t r i l e ( 1 ) / L -  
m e n t h o l ( 2 ) .  

t u r e  i n c r e a s e s  t h e  L - m e n t h o l  c o n t e n t .  As i t  c a n  be  s e e n ,  an  
a n o m a l y  i s  o b s e r v e d  f o r  t h i s  p a r a m e t e r  i n  t h e  c o m p o s i t i o n  r a n g e  
1 6 - 2 2 ~  L - m e n t h o l ,  w h i c h  c o n f i r m s  t h e  e x i s t e n c e  o f  t h e  c o n f o r m a -  
t i o n a l  t r a n s i t i o n .  I t  i s  i n U e r e s t i n g  t o  p o i n t  o u t  t h a t  t h e  
t r a n s i t i o n  f o u n d  o c c u r s  a t  l o w e r  t e m p e r a t u r e s  t h a n  t h o s e  ffound 
t n  p u r e  s o l v e n t s  ( 1 7 ,  21,  23,  2 4 ) .  

I m a i  ( 3 5 )  h a s  d e r i v e d  t h e  f o l l o w i n g  e q u a t i o n  f o r  
~he H u g g i n s  c o n s t a n t  k. i n  t e r m s  o f  a n u m e r i c a l  c o n s t a n t  C 1 a n d  

H 
t h e  e x c l u d e d  v o l u m e  p a r a m e t e r  Z: 

kH = kH 0 + ClZa-Sn (1)  

whe re  a i s  t h e  e x p a n s i o n  c o e f f i c i e n t  d e f i n e d  a s  a3 [ n ] / [ n ]  . 
n Using the  Kurata-Stockmayer-Roig t h e o r y  (36), 0 

t h e  excluded volume paramete r  Z can be w r i t t e n :  

Z = 0 .330BA-3M 1 /2  (2 )  

w h e r e  A i s  e q u a l  t o  ( K o / r  1 / 3 .  S u b s t i t u t i n g  E q . ( 2 )  i n t o  E q . ( 1 )  
we o b t a i n :  

ki ia~  = kit o + CzBM1/2/Koa n ( ~ )  

C 2 = 0.330C1r The p l o t  o f  kHa ~ v e r s u s  BM1/2N/Koan w h e r e  

s h o u l d  be  l i n e a r  w i t h  an  i n t e r c e p t  e q u a l  t o  kHo a n d  t h e  s l o p e  
of C 2. kH~ i s  the  Huggins c o n s t a n t  a t  t he  t h e t a  t e m p e r a t u r e ,  
which i s  comple t e ly  independen t  of t e m p e r a t u r e ,  s o l v e n t  and 
mo lecu l a r  weight .  Eq. (3)  i s  very u s e f u l l  when t he  polymer s u f -  
f e r  a c o n f o r m a t i o n a l  t r a n s i t i o n  or the  u n p e r t u r b e d  K O parame- 
t e r  changes appreciably with t e m p e r a t u r e  o r  binary mixture  
co mpos i t i on .  
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F i g u r e  4.  P l o t  o f  k . a ~  v e r s u s  BNM1/2/K~an f o r  PMMA 
i n  t h e  b i n a r y  s o l v e n t  m i x t u r e  a c e t o n l t r l l e ( 1 ) / L - m e n F h o l ( 2 )  o f  
s e v e r a l  c o m p o s i t i o n s .  

I n  F i g u r e  4 we c a n  s e e n  t h e  o b t a i n e d  r e s u l t  
a c c o r d i n g  t o  E q . ( 3 ) .  R e a s o n a b l y  g o o d  l i n e a r i t y  i s  s e e n  t o  h o l d  
i f  we t a k e  i n t o  a c c o u n t  t h e  e x p e r i m e n t a l  d i f f i c u l t i e s  i n  d e -  
t e r m i n i n g  t h e  H u g g i n s  c o n s t a n t .  The i n t e r c e p t  r e p r e s e n t s  k H_O = 
0 . 4 3 .  T h i s  v a l u e  i s  i n  g o o d  a g r e e m e n t  w i t h  t h e  t, h e o r e t i c a l  
e x p e c t e d  v a l u e  o f  kit o = 0 . 4 7  ( 2 3 ) .  C o m p u t e r  c a l c u l a t i o n  o f  k-- 
c o n s t a n t  i s  i n  p r o g r e s s .  The s l o p e  i s  e q u a l  t o  C 2 = 3 . 6 3 .  1 0 - ~  
T h i s  v a l u e  i s  a g a i n  i n  g o o d  a c c o r d a n c e  w i t h  t h e  t h e o r e t i c a l  
o n e s  ( 3 . 5 8 . 1 0 - 2 ~  A q g q r d i n g  t o  E q . ( 3 ) ,  t h e  s l o p e  o f  t h e  d e p e n -  
d e n c e  k a4 v e r s u s  B M ' / ~ N / K  a n o u g h t  t o  be  i n d e p e n d e n t  o f  t h e  H n @ 
n a t u r e  o f  t h e  s o l v e n t  and  o f  t h e  p o l y m e r .  

T h i s  r e s u l t  i s  s i m i l a r  t o  t h o s e  f o u n d  by  l t u g l i n  
e t  a 1 . ( 3 6 )  f o r  s o l u t i o n s  o f  p o l y s t y r e n e  i n  b i n a r y  s o l v e n t s  and  
B o h d a n e c k y  ( 3 7 )  f o r  s o l u t i o n s  o f  PVC i n  s e v e r a l  c y c l i c  k e t o n e s .  

A c k n o w l e d g e m e n t .  We e x p r e s s  our  t h a n k s  t o  D i r e c c i 6 n  
I n v e s t i g a c i 6 n  de l a  UPV f o r  f i n a n c i a l  s u p p o r t .  

de 
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