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SUMMARY: 

Systems o f  p o l y ( e t h y l e n e  o x i d e ) / p o l y s t y r e n e  and o f  p o l y ( e t h y -  
lene  o x i d e ) / p o l y ( s t y r e n e - c o - a c r y l i c  ac i d )  o f  d i f f e r e n t  r a t i o s  
were s t u d i e d  by i n v e r s e  gas chromatography us ing benzene and 
n-decane as mo lecu le  probes and by v i s c o s i m e t r y  i n  t e t r a h y d r o -  
f u r a n .  The t r a n s i t i o n  t empera tu res  as shown in  the  r e t e n t i o n  
d iagrams and the  i n t e r a c t i o n  parameters  as de te rm ined  by i n v e r -  
se gas chromatography and by v i s c o s i m e t r y  showed t h a t  whereas 
p o l y ( e t h y l e n e  o x i d e )  i s  i n c o m p a t i b l e  w i t h  p o l y s t y r e n e  ~ the  
i n t r o d u c t i o n  o f  amounts o f  a c r y l i c  ac id  groups i n t o  p o l y s t y r e n e  
cha ins  by f r e e  r a d i c a l  c o p o l y m e r i z a t i o n  led to  c o m p a t i b l e  sys -  
tems o f  the  a c i d i c  copolymer w i t h  the  p o l y ( e t h y l e n e  o x i d e ) .  

INTRODUCTION: 

I n v e r s e  gas ch romatography  (IGC) t echn ique  has been used no t  
o n l y  to  de te rm ine  g l a s s  t r a n s i t i o n  t empera tu re  or m e l t i n g  tem- 
p e r a t u r e  o f  po lymers ,  but  a l so  to  measure the  i n t e r a c t i o n s  
between a polymer and mo lecu le  probe and po l ymer -po l ymer  sys -  
tems ( 1 - 8 ) .  Th is  t echn ique  has been r e c e n t l y  e x t e n s i v e l y  used 
to  s tudy  the  c o m p a t i b i l i t y  o f  po lymer b lends  ( 9 - 1 6 ) .  

App l y i ng  the  F l o r y - H u g g i n s  theory~ the  i n t e r a c t i o n  parameter  
X ~  between a polymer ( i )  and mo lecu le  probe ( i )  i s  g i v e n  by : 

2 7 3 . R . v l  V~ p 0 
X ~  = Ln - ( I -  - - ) ~  - (B~I-V~) ( I )  

Vg~176 M: .v~ R.T 

where V~, M~, p o and B ~  are the  probe molar volume, mo lecu la r  
w e i g h t ,  vapor  p ressu re  and second v i r i a l  c o e f f i c i e n t ~  R, the  
gas c o n s t a n t ,  T, the column t empe ra tu re  ( ~  and v~ are  r e s -  
p e c t i v e l y  the  volume f r a c t i o n  and the  s p e c i f i c  volume o f  the  
p o l y m e r ( i ) .  

V g ~  the  s p e c i f i c  r e t e n t i o n  volume o f  the  s o l u t e  i s  
measured f rom:  

Vg ~ = t~ .F .J /W (2) 

where tN i s  the  ne t  r e t e n t i o n  t i m e ,  F a gas c a r r i e r  f l o w  r a t e  
a t  O~ 3 i s  the  James-Mar t in  c o r r e c t i o n  f a c t o r  and W i s  the  
po lymer  or  po lymer m i x t u r e  l o a d i n g  w e i g h t .  
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Apparent  p o l y m e r ( 2 ) - p o l y m e r ( 3 )  i n t e r a c t i o n  parameter  Xe~ "pp was 
c a l c u l a t e d  f rom:  

1 Vg~ ~ Vge ~ 
Xe~ ~pP - - - [  Ln - @e L n ~  - ~ Ln 

~e.~ We.v~+W~.v~ ve 

Vg~ ~ 

] (3) 
V~ 

In the  p resen t  s t u d y ,  t r a n s i t i o n  t e m p e r a t u r e s ,  p o l y m e r - m o l e -  
c u l e  probe and apparen t  p o l y m e r - p o l y m e r  i n t e r a c t i o n  paramete rs  
f o r  the  p o l y ( e t h y l e n e  o x i d e ) /  p o l y s t y r e n e  and p o l y ( e t h y l e n e  
o x i d e ) /  p o l y ( s t y r e n e - c o - a c r y l i c  a c i d )  ~ere  f i r s t  de te rm ined  by 
i n v e r s e  gas ch romatography .  
In a d d i t i o n ,  we have a l s o  de te rm ined  the  v i s c o s i m e t r i c  i n t e r a c -  
t i o n  parameters  us ing  the  Krigbaum and Wall app rox ima te  method 
(17). 

EXPERIMENTAL: 

M a t e r i a l s :  P o l y ( e t h y l e n e  o x i d e )  (PEO) 20,000 s u p p l i e d  by 
Merck was used as r e c e i v e d .  P o l y s t y r e n e  (PS) and p o l y ( s t y r e n e -  
c o - a c r y l i c  a c i d )  c o n t a i n i n g  20 mole~ o f  a c r y l i c  ac id  (PSAA) 
random copolymer  were p repared  under the  same c o n d i t i o n s  by 
f r e e  r a d i c a l  p o l y m e r i z a t i o n  a t  60~ us ing  the  a z o - b i s  i s o b u t y -  
r o n i t r i l e  (AIBN) as the  i n i t i a t o r .  Chromosorb W AWDMCS 60/80  
mesh was o b t a i n e d  f rom Johns M a i n v i l l e .  

I .G .C .  measurements: Gas chromatograms were reco rded  on HP 
5730A gas chromatograph equipped w i t h  a dua l  f l ame  i o n i s a t i o n  
d e t e c t o r .  Hel ium was used as gas c a r r i e r  and methane as non 
i n t e r a c t i n g  marker .  Smal l  amount (0,1 H1) o f  benzene or  
n-decane as the  mo lecu le  probes was i n j e c t e d  manua l l y  us ing  a 
Ham i l t on  s y r i n g e .  
The c h a r a c t e r i s t i c s  o f  the  columns p repared  i n  the  usual  way 
are  shown in  t a b l e  i .  

Tab le  1: S t a t i o n a r y  phases and column pa rame te rs .  

Polymer Weight o f  Weight o f  l engh t  o f  
suppor t  (g) po lymer  (g) column (m) 

PEO 1,4847 0,1647 1,5 
PS 1,4954 0,1495 1,5 
PSAA 1,5826 0,1593 1,5 
PEO/PS I:I 1,4006 0,1556 1,5 
PEO/PSAA i : i  1,5360 0,1537 1,5 
PEO/PSAA 1:4 1,4499 0,1447 1,5 
PEO/PSAA 3:1 1,5888 0,1595 1,5 

V i s c o s i m e t r i c  measurements: S o l u t i o n  v i s c o s i t y  measurements 
were a l l  c a r r i e d  ou t  w i t h  an Ubbelhod a u t o m a t i c  v i s c o s i m e t e r  
t ype  F i ca  a t  25QC us ing  t e t r a h y d r o f u r a n  (THF) as s o l v a n t .  
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RESULTS AND DISCUSSION: 

The r e t e n t i o n  d iagrams Ln Vg ~ ve rsus  1/T in  f i g u r e  I us ing  
benzene as the  mo lecu le  p robe shows t h a t  indeed PS i s  incompa- 
t i b l e  w i t h  PEO as ev idenced  from the observed g l a s s  t r a n s i t i o n  
t e m p e r a t u r e  o f  PS a t  around 368~ and the  me l t  t r a n s i t i o n  tem- 
p e r a t u r e  o f  PEO a t  around 333~ S i m i l a r  r e s u l t s  were observed 
w i t h  the  n-decane as the  mo lecu le  p robe .  These r e s u l t s  are  
in  good agreement w i t h  those r e p o r t e d  by T. SUZUKI e t  a l . ( 1 1 ) .  

5 .00 
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2.50 

1.25 

Ln Vg ~ 

+3 - I  
10 /T (K ) 

2.2 2.4 2.b 2.8 3.0 
i I I I I 

F i g u r e  1: R e t e n t i o n  d iagrams o f  PS ( ~ ) ,  PEO ( O> and 
PS/PEO 1:1 ( -F)  us ing  benzene as mo lecu le  p robe .  

As shown in  f i g u r e  2 the l i n e a r  r e t e n t i o n  d iagram observed 
w i t h  1:1 r a t i o  PSAA/PEO b lend  w i t h i n  the  t e m p e r a t u r e  range 
(318-473~ i s  an ev idence  o f  the  c o m p a t i b i l i t y  o f  t h i s  b l e n d .  
The expec ted  g l a s s  t r a n s i t i o n  t e m p e r a t u r e  o f  t h i s  c o m p a t i b l e  
b l end  i s  below t h i s  range .  The same r e s u l t s  were observed w i t h  
the n-decane as the  mo lecu le  p robe .  
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F igu re  ~: Re ten t i on  diagrams o f  PSAA ( ~ ) ,  PEO ( 0 ) and 
PSAA/PEO i : i  (-K) using benzene as molecule probe.  

S i m i l a r  r e s u l t s  were ob ta ined  w i th  b lends o f  v a r i o u s  compo- 
s i t i o n s  w i th  both molecule probes.  F igure  3 shows as example 
the r e t e n t i o n  diagram o f  PSAA/PEO (4:1)  r a t i o .  
The t r a n s i t i o n  observed a t  348~ i s  a t t r i b u t e d  to the g lass  
t r a n s i t i o n  temperature o f  the compat ib le  b lend in good agree-  
ment w i th  the one c a l c u l a t e d  from the FOX r e l a t i o n  (18) .  

At temperature above Tg o f  each polymer,  a l l  the measured 
s p e c i f i c  r e t e n t i o n  volume Vg ~ were e x t r a p o l a t e d  to  zero f l o w  
r a t e  o f  the c a r r i e r  gas. The c a l c u l a t e d  thermodynamic para -  
meters are summarized in  t a b l e s  ( 2 and 3 ) .  

As expected p o s i t i v e  va lues o f  the apparent polymer-polymer 
i n t e r a c t i o n  parameters were ob ta ined f o r  both molecule probes 
w i th  the i ncompa t i b l e  PS/PEO b lend .  
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F i g u r e  3:  R e t e n t i o n  d iagrams o f  PSAA ( ~ ) ,  PEO ( ~ )  and 
PSAA/PEO 4:1 ( 0 )  us ing  n-decane as mo lecu le  p robe .  

M o d i f i c a t i o n  o f  p o l y s t y r e n e ,  i n t r o d u c i n g  20 mole~ o f  a c r y -  
l i c  ac id  w i t h i n  the  cha ins  by c o p o l y m e r i z a t i o n  made i t  be 
c o m p a t i b l e  w i t h  PEO. Th is  i s  due to  the  s p e c i f i c  i n t e r a c -  
t i o n s  between the  c a r b o x y l i c  groups o f  PSAA and the  e t h e r  
groups o f  PEO. As i l l u s t r a t e d  i n  t a b l e  2 and 3, the  compa- 
t i b i l i t y  o f  these  po lymers  i s  indeed con f i rmed  by the  
n e g a t i v e  v a l u e s  o f  Xm~ ~pp. These s p e c i f i c  i n t e r a c t i o n s  b e t -  
ween the  two c o n s t i t u a n t s  were con f i rmed  by F o u r i e r  Trans-  
form i n f r a - r e d  spec t roscopy  (19 ) .  

We have i n  a d d i t i o n  used the  app rox ima te  method o f  
Krigbaum and Wall (17) to  de te rm ine  the  v i s c o s i m e t r i c  
i n t e r a c t i o n  parameters  between p a i r s  o f  these po lymers .  
Accord ing to  t h i s  model,  a p o s i t i v e  d i f f e r e n c e  between the  
e x p e r i m e n t a l  b ~ ( e x p )  and t h e o r e t i c a l  b ~ ( t h e )  i n t e r a c t i o n  
parameters  i s  ev idence  o f  c o m p a t i b l e  p a i r  o f  po lymers  (20 ) .  
N e g a t i v e  v a l u e  i s  t h e r e f o r e  expected w i t h  an i n c o m p a t i b l e  
p a i r  o f  po l ymers .  
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Tab le  2 : Thermodynamic pa ramete rs  f o r  PEO, PS, PSAA, PEO/PS 
( 1 : 1 ) ,  PSAA/PEO o f  d i f f e r e n t  r a t i o s  and benzene a t  i n f i n i t e  
d i l u t i o n .  

T (~ 150 160 170 180 

Vg ~ 12,07 10,20 8,84 7,83 
PEO X,s 0,210 0,197 0,144 0,107 

Vg ~ 10,55 8 ,90  7 ,98 6,25 
PS X~e 0 ,377 0,345 0,289 0 ,370 

Vg ~ 7,10 6,13 4,97 3,99 
PSAA X,e 0,762 0,726 0,738 0,797 

Vgm ~ 11,69 9,84 8,60 7,08 
PS/PEO X~ "pp 0,142 0,134 0,099 0,051 
(I:i) 

PSAA/PEO Vgm ~ 6,22 5 ,55  4,57 3,95 
(I:I) Xe~ ~ -1,581 -1,406 -1,470 -1,380 

PSAA/PEO Vgm ~ 6 ,06 4 ,99 4 ,39 3,88 
(4 :1 )  X ~  ~pP -1 ,670  - 1 ,939  - 1 ,490  -1 ,031 

PSAA/PEO Vgm o 9,44 7,92 6,60 6,01 
(1:3) Xe~ "pp -0,586 -0,652 -0,770 -0,495 

Tab le  3 : Thermodynamic pa ramete rs  f o r  PEO, PS, PSAA, PEO/PS 
( 1 : 1 ) ,  PSAA/PEO o f  d i f f e r e n t  r a t i o s  and n-decane a t  i n f i n i t e  
d i l u t i o n .  

T (~ 150 160 170 180 

Vg ~ 11,20 9 ,93  8 ,73  7 ,16  
PEO X,e 2,474 2,296 2,127 2,105 

Vg ~ 20,20 15,88 14,80 11,20 
PS X~e 1,906 1,846 1,617 1,674 

Vg ~ 14,19 11,78 8,40 7,07 
PSAA X~ 2,260 2,144 2,184 2,134 

Vgm ~ 16,06 12,98 11-,76 9 ,26 
PS/PEO 1:1 Xes ~p~ 0,852 0,186 0,128 0,126 

PSAA/PEO 1:1 Vgm ~ 8 ,76  7 ,33 6,24 5,22 
Xms "P~ -1,461 -1,402 - 1 ,078  -1,234 

PSAA/PEO 4:1 Vgm ~ 12,87 10,08 7 ,83 5 ,24 
X~s "pp -0 ,324  - 0 ,775  - 0 ,490  - 0 ,050  

PSAA/PEO 1:3 Vgm ~ 11,93 9 ,70  7,44 6 , ! 2  
X~= "pp 0,017 - 0 , 3 5 0  -0 ,789  -0 ,324  
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The v i s c o s i m e t r i c  i n t e r a c t i o n  parameters  o f  t he  PS/PEO 
( i : I )  and PSAA/PEO (1 :1 )  systems in  THF a t  25~ are  summari-  
zed i n  t a b l e  4. The o b t a i n e d  r e s u l t s  c o n f i r m  once aga in ,  the  
c o m p a t i b i l i t y  o f  the  PSAA/PEO and the i n c o m p a t i b i l i t y  o f  t he  
PS/PEO system. 

Tab le  4:  V i s c o s i m e t r i c  i n t e r a c t i o n  pa ramete rs .  

System b~,(exp> b~(the) ~b~ 

PS/PEO I:I 0,017 0,05? -0.039 
PSAA/PEO I:I 0,474 0,084 +0,390 

CONCLUSIONS: 

The p resen t  s tudy  i n d i c a t e s  from i n v e r s e  gas chromatog-  
raphy and v i s c o s i m e t r y  the  e x i s t e n c e  o f  s p e c i f i c  i n t e r a c -  
t i o n s  between the  c a r b o x y l i c  groups w i t h i n  the a c i d i c  copo- 
lymer (PSAA) and the e t h e r  groups o f  PEO. Such i n t e r a c t i o n s  
c h a r a c t e r i z e d  by n e g a t i v e  va lues  o f  the apparen t  copo l ymer -  
po lymer  i n t e r a c t i o n  paramete rs  and p o s i t i v e  ( ~ b ~ )  d i f f e -  
rences between the e x p e r i m e n t a l  and the  t h e o r e t i c a l  
i n t e r a c t i o n  parameter  e x p l a i n  the c o m p a t i b i l i t y  o f  the  
PEO/PSAA b l e n d s .  
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