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LIQUID CHROMATOGRAPHY 
POLYMERS BY HIGH-PERFORMANCE 

SADAO MOM 
Department of Industrial Chemistry 

Faculty of Engineering 
Mie University 

Tsu, Mie 514, Japan 

ABSTRACT 

P o l y v i n y l  c h l o r i d e  (PVC), p o l y v i n y l  acetate  (PVAc), a n d  t h e i r  
c o p o l y m e r s  a n d  b l e n d s ,  p o l y s t y r e n e ,  p o l y ( m e t h y 1 ,  e t h y l ,  a n d  
b u t y l )  acrylates  a n d  m e t h a c r y l a t e s  were d i s s o l v e d  i n  t e t r a h y d r o f u -  
r a n  (THF) ,  r e s p e c t i v e l y ,  a n d  t h e  s o l u t i o n s  were i n j e c t e d  i n t o  a 
c o l u m n  o f  s i l i c a  g e l  h a v i n g  a p o r e  d i a m e t e r  o f  30 A a n d  e l u t e d  
w i t h  t h e  m o b i l e  p h a s e s  o f  THF, c h l o r o f o r m ,  e t h y l  acetate,  m e t h a -  
n o l ,  m e t h y l e t h y l k e t o n e ,  a c e t o n i t r i l e  a n d  1 , 2 - d i c h l o r o e t h a n e  (DCE). 
Some p o l y m e r s  e l u t e d  f r o m  t h e  c o l u m n  a n d  t h e  rest were r e t a i n e d  i n  
t h e  c o l u m n .  T h e  i d e n t i f i c a t i o n  o f  t h e  p o l y m e r s  was n o t  b a s e d  o n  
t h e  d i f f e r e n c e  i n  t h e  r e t e n t i o n  v o l u m e s  o f  t h e  p o l y m e r s ,  b u t  t h e  
e l u t i o n  of t h e  p o l y m e r s  f r o m  or  t h e  r e t e n t i o n  i n  t h e  c o l u m n  were a 
m e a s u r e  o f  t h e  i d e n t i f i c a t i o n .  T h i s  t e c h n i q u e  was t e r m e d  as "On- 
O f f  E l u t i o n  M e t h o d " .  T w o  r e t e n t i o n  m e c h a n i s m s  were p r o p o s e d :  
h y d r o g e n  b o n d i n g  b e t w e e n  s i l i c a  g e l  a n d  t h e  s a m p l e  p o l y m e r s ,  a n d  
t h e  p r e c i p i t a t i o n  o f  p o l y m e r s  i n  t h e  c o l u m n .  I n  case  o f  t h e  
f o r m e r ,  some p o l y m e r s  were r e t a i n e d  i n  t h e  c o l u m n  e v e n  t h o u g h  a 
good s o l v e n t  t o  t h e  p o l y m e r s  was u s e d  as  t h e  m o b i l e  p h a s e .  When 
p o o r  s o l v e n t s  t o  t h e  p o l y m e r s  were u s e d  as  t h e  m o b i l e  p h a s e s ,  t h e  
p o l y m e r s  were p r e c i p a t e d  i n  t h e  c o l u m n ,  e x c e p t  PVC w i t h  DCE. T h e  
p h y s i c a l  b l e n d  o f  PVC a n d  PVAc c o u l d  b e  d i s c r i m i n a t e d  f r o m  t h e  
c o p o l y m e r  h a v i n g  t he  same c o m p o s i t i o n  by t h i s  p r o c e d u r e .  

1 
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INTRODUCTION 

MOM 

High-performance liquid chromatography (HPLC) of polymers is 
recently taken interest in by several chromatographers and polymer 
chemists, Poly(alky1 acrylate) and poly(alky1 methacrylate) homo- 

polymers and copolymers have been separated and detected by HPU: 
of silica gel/toluene-2-butanone/evaporative light-scattering de- 

tector ( 1 )  or /dichloroethane-ethanol/UV detector (2) .  Styrene- 
alkyl acrylate and styrene-alkyl methacrylate copolymers have been 
separated according to their composition by HPLC of slica gel/ 
chloroform-ethanol/UV detector ( 3 , 4 ) .  Styrene-acrylonitrile co- 
polymers have been separated by high performance precipitation 
liquid chromatography (HPPLC) of silica-ODS/tetrahydrofuran-iso- 
octane/UV detector (5). Polystyrene homopolymers have also been 
tried to separate according to their molecular weight by HPPLC of 

silica gel/dichloromethane-n-heptane or methanol (6).  Theory and 
mechanism of the separation of polystyrenes have been discussed in 
detail (7-10). 

Polymers and copolymers have been separatd by HPLC according 

to their molecular weights or compositions and the gradient elu- 

tion method has usually been apllied. The difference of retention 
volume is the key of the identification of separated species. 
Because of the application of the gradient elution method to 
separate these polymers and copolymers, a differential refractive 
index detector (RI) cannot be used and an ultra-violet absorption 
detector (UV) can be used to detect the polymers having chromo- 
phors. The use of an evaporative light scattering detector is 

the only possible way to detect polymers having no chromophors by 
gradient elution HPLC (1). 

The present paper reports the identification method of sever- 
al homopolymers by HPLC using an RI detector. The identification 
of polymers in the present report is not based on the difference 
in retention volume of polymers. The phenomena whether the 
polymers are retained in the column or elute from the column have 
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IDENTIFICATION METHOD OF SYNTHETIC POLYMERS 3 

been used t o  i d e n t i f y  t h e  polymers .  T h i s  t e c h n i q u e  is  t e r m e d  as 
"On-Off E l u t i o n  Method". The c o m p o s i t i o n  of  t h e  m o b i l e  p h a s e  i s  

c o n s t a n t  i n  t h i s  method ( i s o c r a t i c  e l u t i o n )  and t h u s  a n  R I  d e t e c -  

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

mers which  do  n o t  a b s o r b  r a d i a t i o n  i n  t h e  UV r e g i o n .  

EXPERIMENTAL 

Appara tus  

A J a s c o  TRIROTAR h i g h  pe r fo rmance  l i q u i d  ch romatograph  (Jasco 

C o r p o r a t i o n ,  H a c h i o j i ,  Tokyo, J a p a n )  w i t h  a n  RI d e t e c t o r  Model R I -  
401 (Waters Inc., M i l f o r d ,  MA,  USA) was used. S i l i c a  g e l  w i t h  a 

p o r e  s i z e  o f  30 A a n d  a mean p a r t i c l e  d i a m e t e r  o f  5 um (Nomura 

Chemica l  Co., S e t o ,  A ich i  489, J a p a n )  was packed i n  4.6-mm-i.d.x25 

- c m - l e n g t h  s t a i n l e s s - s t e e l  t u b i n g .  T h e  n u m b e r  of t h e o r e t i c a l  

p l a t e s  o f  t h e  column was 3600 p l a t e s ,  which was o b t a i n e d  by i n j e c -  

t i n g  0.1 mL of  a 0.2% benzene s o l u t i o n  i n  t e t r a h y d r o f u r a n  (THF). 

Samples 

P o l y s t y r e n e  (PS t )  SRM 706 was o b t a i n e d  from NIST (Washington,  

DC, U S A ) ,  p o l y v i n y l  c h l o r i d e  (PVC) a n d  P(VC-VAc) c o p o l y m e r s  ( V A c  
c o n t e n t  5.5% a n d  11.6%) f r o m  M i t s u i  C h e m i c a l  Co., p o l y v i n y l  ace- 

t a t e  (PVAc) from Nacalai Tesque  I n c . ,  r e s p e c t i v e l y .  P o l y m e t h y l  

acrylate (PMA), p o l y e t h y l  acrylate (PEA), p o l y b u t y l  ac ry la t e (PBA) ,  

po lymethy l  m e t h a c r y l a t e  (PMMA), p o l y e t h y l  m e t h a c r y l a t e  (PEMA), and 

p o l y b u t y l  m e t h a c r y l a t e  (PBMA) were k i n d l y  s u p p l i e d  by Toa G o s e i  

Co. PVAc, PMA, and PEA were d i s s o l v e d  i n  c h l o r o f o r m  and p r e c i p i -  

t a t e d  i n  n-hexane. PMMA, PEMA, and PBMA were d i s s o l v e d  i n  ch lo -  

ro fo rm and p r e c i p i t a t e d  i n  methanol .  Low m o l e c u l a r  w e i g h t  mate- 

r i a l s  i n  PBA were r e m o v e d  by s t e e p i n g  PBA i n  n -hexane .  P S t  a n d  
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4 MORI 

PVC were used w i t h o u t  any p u r i f i c a t i o n  p r o c e s s e s .  

had we igh t  a v e r a g e  

These  p o l y m e r s  

m o l e c u l a r  w e i g h t s  between lo5 and 3x105. 

E l u t i o n  

Mobile  p h a s e s  used i n  t h i s  e x p e r i m e n t  were THF (0.05% buty-  

l a t e d  hydoxytoluene (BHT) i n c l u d e d ) ,  c h l o r o f o r m  (CHC13) (1% e t h a -  

n o l  i n c l u d e d ) ,  me thano l  (MeOH), e t h y l  acetate (AcEt), m e t h y l e t h y l  

k e t o n e  (MEK),  a c e t o n i t r i l e  (AcCN), a n d  1 , 2 - d i c h l o r o e t h a n e  (DCE). 

They were a l l  g u a r a n t e e d  r e a g e n t s  and used w i t h o u t  f u r t h e r  p u r i f i -  

c a t i o n .  The f l o w  r a t e  o f  t h e  m o b i l e  p h a s e s  was 0.5 m l / m i n .  

Sample po lymers  were d i s s o l v e d  i n  THF i n  t h e  c o n c e n t r a t i o n  o f  0.1% 

and t h e  i n j e c t i o n  volume of  t h e  s o l u t i o n  was 0.1 m l .  E l u t i o n  was 
performed a t  room t e m p e r a t u r e .  A f t e r  s e v e r a l  i n j e c t i o n  of s a m p l e  

s o l u t i o n s ,  t h e  column was washed w i t h  THF t o  remove a l l  t h e  s a m p l e  

po lymers  r e t a i n e d  i n  t h e  column. 

RESULTS A N D  DISCUSSION -- 

E l u t i o n  Behavior  of Polymers  

Sample po lymers  used i n  t h e  p r e s e n t  e x p e r i m e n t  are a l l  s o l u -  

b l e  i n  THF, a n d  t h e r e f o r e ,  THF was s e l e c t e d  as a s o l v e n t  t o  d i s -  

s o l v e  them b e f o r e  i n j e c t i o n  i n t o  t h e  column. Because,  t h e  pur- 

pose  of  t h e  p r e s e n t  s t u d y  is t o  d e v e l o p  t h e  i n d e n t i f i c a t i o n  method 

of t h e  sample  po lymers  by t h e  phenomena whe the r  t h e y  e l u t e  f r o m  o r  

a r e  r e t a i n e d  i n  t h e  c o l u m n  w i t h  a s p e c i f i c  s o l v e n t  u s e d  as  t h e  

mob i l e  phase  and t h e r e f o r e ,  it is  p r e f e r a b l e  t o  u s e  o n l y  o n e  good 

s o l v e n t  t o  d i s s o l v e  a l l  t h e  s a m p l e  po lymers  t e s t e d .  When THF was 

used a s  t h e  mob i l e  phase ,  a l l  t h e  s a m p l e  po lymers  e l u t e d  f rom t h e  

column w i t h o u t  any i n t e r a c t i o n s  w i t h  t h e  s t a t i o n a r y  phase.  

E x a m p l e s  of e l u t i o n  b e h a v i o r  o f  t h e  s a m p l e  p o l y m e r s  i n  t h e  
The chromatog-  m o b i l e  phase  o f  c h l o r o f o r m  are shown i n  F i g u r e  1. 
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(a) 

3 

1 1 I I r l  I I I -- 
0 1 2 3 5 10 20 0 1 2 3 5 lo 20 

RETENTION VOLUME (mL) RETENTION VOLUME (mL) 

FIGURE 1. 
m o b i l e  phase: ( a )  PBMA; ( b )  PEMA; peak 1, PBMA; peak 2,  a d d i t i v e s  
i n  THF; p e a k  3 ,  THF; a t t e n u a t i o n  o f  R I ,  x16.  

Chromatograms f o r  PBMA and PEMA i n  t h e  c h l o r o f o r m  

ram f o r  P B M A i s  s h o w n i n  F i g u r e  1, a a n d  t h a t  f o r  PEMA i n  F i g u r e  

1, b,  r e s p e c t i v e l y .  Peak 1 is PBMA and is appea red  a t  r e t e n t i o n  

v o l u m e  2.05 m l  w h i c h  c o r r e s p o n d s  t o  t h e  r e t e n t i o n  v o l u m e  a t  t h e  

e x c l u s i o n  l i m i t  i n  s i z e  e x c l u s i o n  c h r o m a t o g r a p h y  (V,). S i l i c a  

g e l  o f  p o r e  s i z e  30 A h a s  t h e  e x c l u s i o n  l i m i t  o f  2000 m o l e c u l a r  

w e i g h t  as p o l y s t y r e n e  (11) and t h e r e f o r e ,  a l l  t h e  s a m p l e  p o l y m e r s  

e l u t e d  a t  t h e  e x c l u s i o n  l i m i t  on  t h i s  s i l i c a  g e l .  P e a k  2 i s  

a d d i t i v e s  i n  THF a n d  p e a k  3 i s  THF u s e d  t o  d i s s o l v e  t h e  s a m p l e  

polymers .  Low m o l e c u l a r  w e i g h t  materials s u c h  as  a d d i t i v e s  i n  

THF c o u l d  e n t e r  t h e  p o r e  o f  t h e  s i l i c a  g e l  a n d  t h e r e f o r e ,  e l u t e d  

a t  t h e  r e t e n t i o n  volume 2.8 m l  which c o r r e s p o n d s  t o  t h e  volume of  

t h e  m o b i l e  phase  i n  t h e  column (Vo t Vi (= VM)). T h i s  peak would 
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3 

MOM 

3 

(a) 

1 

1 
-9-L- 
0 1 2 3 5 0  1 2 3 5  

RETENTION VOLUME (mL) RETENTION VOLUME ( m L )  

FIGURE 2. 
m o b i l e  p h a s e :  ( a )  PEA; ( b )  PMA; p e a k  1, PEA; p e a k s  2 ,  
a d d i t i v e s  i n  THF; peak 3, THF; a t t e n u a t i o n  o f  R I ,  x 1 6 .  

Chromatograms f o r  PEA and PMA i n  t h e  e t h y l  acetate 

d i s a p p e a r  or g e t  smaller when t h e  f r e s h l y  p r e p a r e d  s o l v e n t  i s  used 

f o r  bo th  t h e  mob i l e  phase  and t h e  s a m p l e  s o l u t i o n .  The THF peak 

w a s  n e g a t i v e  f i r s t  and t h e n  became p o s i t i v e .  PEMA was r e t a i n e d  

i n  t h e  column and was n o t  appea red  a t  Vo of t h e  column s y s t e m .  

O n e o f t h e c h a r a c t e r i s t i c s  o f  t h i s  m e t h o d  i s t o u s e  t h e  s i l i -  

ca g e l  h a v i n g  a p o r e  d i a m e t e r  o f  30 A ,  a n d  by u s i n g  t h i s  s i l i c a  

g e l ,  a polymer peak c o u l d  be  clearly s e p a r a t e d  f r o m  peaks  o r i g i -  

n a t e d  from THF used f o r  t h e  d i s s o l u t i o n  of samples .  T h i s  s i l i ca  

g e l  i s  c o m m e r c i a l l y  a v a i l a b l e .  On 60-A or 100-A p o r e - s i z e  s i l i ca  

g e l ,  b o t h  p e a k s ,  a p o l y m e r  p e a k  a n d  a s o l v e n t  r e l a t e d  p e a k ,  com- 
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IDENTIFICATION METHOD OF SYNTHETIC POLYMERS 7 

TABLE I. 
The E l u t i o n  from or The R e t e n t i o n  i n  a Column f o r  The Sample 
Po lymers  w i t h  S e v e r a l  Mobi l e  P h a s e s  

Mobile  Polymer 
p h a s e  PS t  PVC PVAc PMA PEA PBA PMMA PEMA PBMA 

THF 0 0 0  0 0 0 0  0 0 

AcEt o o x  x o o o  0 0 

MeOH x x o  x o x x  X X 

MEK 0 0 0  0 0 0 0  0 0 

AcCN x x x  o x x o  X X 

DCE o o x  x x x x  X X 

CHC13 o x x  x x o x  X 0 

Note: (o), e l u t e d  from t h e  column;  (x) ,  r e t a i n e d  i n  t h e  column. 

b ined  i n  one peak and t h e  c o n f i r m a t i o n  o f  polymer e l u t i o n  became 

u n c e r t a i n .  

Sample po lymers  which e l u t e d  from t h e  column w i t h  c h l o r o f o r m  

a re  P S t ,  PBA a n d  PBMA, a n d  t h e  res t  o f  t h e  s a m p l e  p o l y m e r s  were 

r e t a i n e d  i n  t h e  column. Although PVAc, PMA, PEA, PMMA, and PEMA 

are a l l  s o l u b l e  i n  c h l o r o f o r m ,  t h e s e  po lymers  were r e t a i n e d  i n  t h e  

column w i t h  t h e  m o b i l e  phase  o f  c h l o r o f o r m  c o n t a i n i n g  1 % e t h a n o l  

and began t o  e l u t e  f rom t h e  column w i t h  i n c r e a s i n g  t h e  c o n t e n t  o f  

e t h a n o l  i n  ch lo ro rom (3, 4 ) .  The r e t e n t i o n  o f  t h e  p o l y m e r s  i n  t h e  
column is  due t o  t h e  hydrogen bonding be tween  t h e  s i l a n o l  g r o u p s  

on t h e  s u r f a c e  o f  s i l i c a  g e l  and  t h e  c a r b o n y l  g r o u p s  of t h e  poly- 
mers (12). On t h e  c o n t r a r y ,  PVC was i n s o l u b l e  i n  c h l o r o f o r m  and 

t h e r e f o r e ,  i t  was assumed t h a t  PVC p r e c i p i t a t e d  i n  t h e  column ( t h e  

phase  s e p a r a t i o n ) ,  though t h e  p r e s s u r e  i n c r e a s e  due t o  t h e  p r e c i -  

p i t a t i o n  of PVC i n  t h e  column was n o t  observed.  

F i g u r e  2 is t h e  example  o f  ch romatograms  o b t a i n e d  w i t h  e t h y l  

acetate as t h e  m o b i l e  phase.  The chromatogram f o r  PEA is  shown 

i n  F i g u r e  2 ,  a a n d  t h a t  f o r  PMA i n  F i g u r e  2 ,  b. P e a k  1 is  PEA, 
p e a k s  2 a re  a d d i t i v e s  i n  THF, p e a k  3 i s  THF, a n d  n o  p e a k  f o r  PMA. 

PEA e l u t e d  f r o m  t h e  c o l u m n  a n d  PMA was r e t a i n e d  i n  t h e  c o l u m n .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
5
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



B - a  

MORI 

A - b  1 B - b  

3 

FIGURE 3. 
phases .  Polymer:  A ,  PVC; B, PVAc; m o b i l e  phase:  a ,  THF; b, 
DCE; c,  me thano l ;  peak i d e n t i f i c a t i o n :  1, PVC; 2 ,  PVAc; 3,  THF 
and  a d d i t i v e s  i n  THF. 

Chromatograms of PVC and PVAc i n  t h r e e  mob i l e  

PVAc was a l s o  r e t a i n e d  i n  t h e  c o l u m n  a n d  t h e  res t  o f  t h e  s a m p l e  

po lymers  e l u t e d  from t h e  column. 

PVAc a n d  PEA e l u t e d  f r o m  t h e  c o l u m n  w i t h  m e t h a n o l  a n d  t h e  

rest of t h e  sample  po lymers  were r e t a i n e d  i n  t h e  column. I n  o r d e r  

t o  know t h e  mechanism o f  t h e  r e t e n t i o n  of t h e  s a m p l e  po lymers  i n  

t h e  column, polymer s o l u t i o n s  were added t o  me thano l  d r o p w i s e  and 

t h e  f o r m a t i o n  of p r e c i p i t a t e s  was exmined. The s o l u t i o n s  of t h e  
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IDENTIFICATION METHOD OF SYNTHETIC POLYMERS 9 

FIGUKE 4. 

Copolymer 
VAC 5.5 '10 

Cop0 I ymer 
VAC 11.6 '/a 

I 2  I 2  

lo I 2  D 2  
3 
3 2  

I 

S c h e m a t i c  d i a g r a m s  of t h e  c o o o l v m e r s  a n d  t h e  
p h y s i c a l  b l e n d s  o f  PVC an; PVAc. 
11.6%. 

VAc c o n t e n t s  were 5.5% and 

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

m e t h a n o l .  T h i s  p r e c i p i t a t i o n  e x p e r i m e n t s  s u g g e s t  t h a t  t h e  r e t e n -  

t i o n  of t h e  p o l y m e r s  was d u e  t o  t h e  f o r m a t i o n  o f  t h e  p r e c i p i t a t e s  

i n  t h e  c o l u m n  ( t h e  p h a s e  s e p a r a t i o n ) .  

T h e  e l u t i o n  b e h a v i o r  o f  t h e  s a m p l e  p o l y m e r s  i n  M E K  a s  t h e  

m o b i l e  p h a s e  was t h e  same t o  t h e  m o b i l e  p h a s e  THF a n d  a l l  t h e  
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10 MORI 

s a m p l e  po lymers  e l u t e d  f rom t h e  column. PMA and  PMMA e l u t e d  from 

t h e  column w i t h  a c e t o n i t r i l e  as t h e  m o b i l e  phase  and t h e  rest o f  

t h e  sample  po lymers  were r e t a i n e d  i n  t h e  column. PVAc, PMA, PEA, 

PMMA, a n d  PEMA were s o l u b l e  i n  a c e t o n i t r i l e  a n d  t h e  res t  were 

i n s o l u b l e .  T h e r e f o r e ,  t h e  r e t e n t i o n  o f  PVAc, PEA and PEMA i n  t h e  

c o l u m n  was a s s u m e d  t o  b e  d u e  t o  t h e  f o r m a t i o n  o f  t h e  h y d r o g e n  

bonding between the s i l a n o l  g r o u p s  and t h e  c a r b o n y l  g roups  as  i n  

t h e  case of c h l o r o f o r m  m o b i l e  p h a s e  a n d  t h a t  o f  t h e  res t  o f  t h e  

s a m p l e  po lymers  due  t o  t h e  p r e c i p i t a t i o n  i n  the column. 

When DCE was u s e d  a s  t h e  m o b i l e  p h a s e ,  P S t  a n d  PVC e l u t e d  

f rom t h e  column and t h e  rest were r e t a i n e d  i n  t h e  column. Only 

PVC was i n s o l u b l e  i n  DCE and the rest o f  t h e  s a m p l e  p o l y m e r s  were 
s o l u b l e .  The  r e t e n t i o n  o f  t h e  s a m p l e  p o l y m e r s  was, t h e r e f o r e ,  

e s t i m a t e d  t o  be  due  t o  the f o r m a t i o n  of  hydrogen bond ing  be tween  

t h e  s i l a n o l  g r o u p s  a n d  t h e  c a r b o n y l  g r o u p s  ( 4 ) .  I n  o r d e r  t o  

examine t h e  r e a s o n  o f  t h e  e l u t i o n  of PVC, t h e  p r e c i p i t a t i o n  expe- 

r i m e n t  was p e r f o r m e d  a s  f o l l o w s :  o n e  d r o p  o f  l% PVC s o l u t i o n  i n  

THF was p l a c e d  i n  5 m l  DCE. No p r e c i p i t a t i o n  was found. There- 

f o r e ,  t h e  r e a s o n  why PVC e l u t e d  f r o m  t h e  c o l u m  i n  s p i t e  o f  PVC 

b e i n g  i n s o l u b l e  i n  DCE i s  assumed t h a t  THF m o l e c l u l e s  i n  t h e  PVC 

s o l u t i o n  su r round  PVC m o l e c u l e s  f i r m l y  and DCE m o l e c u l e s  are n o t  

r e p l a c e d  by THF m o l e c u l e s  d u r i n g  t h e  e l u t i o n  o f  PVC m o l e c l u l e s  

f rom t h e  column. 

The e l u t i o n  b e h a v i o r  o f  t h e  s a m p l e  po lymers  w i t h  d i f f e r e n t  

m o b i l e  p h a s e s  i s  s u m m a r i z e d  i n  T a b l e  I. An e x a m p l e  f o r  t h e  

i d e n t i f i c a t i o n  p r o c e d u r e s  o f  po lymers  i s  i l l u s t r a t e d  i n  a m i x t u r e  

o f  P S t ,  PVC, PVAc, a n d  PMA a s  f o l l o w s :  a p o l y m e r  e l u t e d  w i t h  

c h l o r o f o r m  i s  PS t ,  t h a t  w i t h  me thano l  PVAc, t h a t  w i t h  a c e t o n i t r i l e  

PMA, and t h a t  r e t a i n e d  i n  t h e  column w i t h  these t h r e e  s o l v e t s  i s  

PVC . 
I n a g a k i  (13) i n t r o d u c e d  the s e p a r a t i o n  t e c h n i q u e s  of  homopo- 

lymers  a n d  c o p o l y m e r s  by t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) a n d  

showed t h e  r e s u l t s  of  t h e  c h r o m a t o g r a p h i c  b e h a v i o r  of some homopo- 

lymers  o n  s i l i c a  g e l  p l a t e s  w i t h  s e v e r a l  d e v e l o p i n g  s o l v e n t s .  

Sample po lymers  used i n  h i s  e x p e r i m e n t  as  w e l l  as o u r  e x p e r i m e n t  
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IDENTIFICATION METHOD OF SYNTHETIC POLYMERS 11 

were P S t ,  PVC, PVAc, PMMA, PEMA, PBMA, and PMA, and s imi l a r ly ,  t h e  

m o b i l e  phase  s o l v e n t s  used i n  b o t h  e x p e r i m e n t s  were THF, c h l o r o -  

f o r m ,  MEK, a n d  m e t h a n o l .  T h e  m i g r a t i o n  o f  t h e  p o l y m e r s  t o  t h e  

uppe r  s i d e  i n  TLC c o r r e s p o n d s  t o  t h e  e l u t i o n  o f  t h e  p o l y m e r s  f rom 

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

s t a r t i n g  p o i n t  i n  TLC c o r r e s p o n d s  t o  t h e  r e t e n t i o n  of the po lymers  

i n  t h e  column i n  HPLC. H i s  r e s u l t s  were similar t o  o u r  r e s u l t s  

e x c e p t  PBMA w i t h  ch lo ro fo rm.  PBMA e l u t e d  f rom t h e  column i n  o u r  

r e s u l t s  and r ema ined  immobi l e  by TLC. The d i f f e r e n c e  is  m a i n l y  

due t o  t h e  d i f f e r e n c e  i n  t h e  a d s o r p t i o n  s t r e n g t h  o f  s i l i c a  g e l  and 

/or the c o n t e n t  of e t h a n o l  i n  c h l o r o f o r m  added a s  t h e  s t a b i l i z e r .  

E l u t i o n  Behav io r  of Copolymers  and B lends  o f  PVC and PVAc 

When THF was u s e d  a s  t h e  m o b i l e  p h a s e ,  PVC a n d  PVAc e l u t e d  

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

phase.  The example  is shown i n  F i g u r e  3, A-a f o r  PVC and  B-a f o r  

PVAc. When DCE was used as  t h e  m o b i l e  phase ,  PVC e l u t e d  f rom and 

PVAc was r e t a i n e d  i n  t h e  column. The r e s u l t s  are shown i n  F i g u r e  

3, A-b a n d  B-b. P e a k  1 i n  F i g u r e  3, A-b i s  PVC a n d  a p p e a r e d  a t  

V o ,  b u t  n o  p e a k  f o r  PVAc i n  F i g u r e  3, B-b. A p o s i t i v e  p e a k  i n  

peaks  3 i s  a d d i t i v e s  i n  THF and a n e g a t i v e  peak is  THF. F i g u r e  3, 

A-c a n d  B-c a r e  t h e  c h r o m a t o g r a m s  f o r  PVC (A-c) a n d  PVAc (B-c) 

o b t a i n e d  w i t h  me thano l  as  t h e  m o b i l e  phase.  PVAc e l u t e d  from t h e  

column (peak 2) and was appea red  a t  Vo and PVC was r e t a i n e d  i n  t h e  

column and was n o t  obse rved  on t h e  chromatogram. A s o l v e n t  peak 

( p e a k  3) was s e p a r a t e d  f r o m  a p o l y m e r  p e a k  ( p e a k s  1 a n d  2 )  a n d  

d i d n ' t  d i s t u r b  t h e  c o n f i r m a t i o n  o f  PVC and PVAc peaks.  

The r e s u l t s  i n  F i g u r e  3 s u g g e s t  t h e  p o s s i b i l i t y  o f  t h e  sepa-  

r a t i o n  o f  PVC, PVAc and t h e i r  c o p o l y m e r s  a c c o r d i n g  t o  t h e  composi-  

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

me thano l .  They would a p p e a r  a t  d i f f e r e n t  r e t e n t i o n  vo lumes  and 

P(VC-VAc) c o p o l y m e r s  w o u l d  e l u t e  a t  r e t e n t i o n  v o l u m e s  b e t w e e n  

t h o s e  o f  PVC a n d  PVAc. H o w e v e r ,  a n  e v a p o r a t i v e  mass d e t e c t o r  
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12 MORI 

m u s t  b e  u s e d  t o  d e t e c t  t h e  s o l u t e s  e l u t e d  f r o m  a c o l u m n  ( l ) ,  

because  t h e y  do n o t  have UV a b s o r p t i o n .  

I n  t h e  p r e s e n t  r e p o r t ,  po lymers  c a n  be  i d e n t i f i e d  u t i l i z i n g  

t h e  phenomena whe the r  t h e  po lymers  e l u t e  f rom t h e  column or are 

r e t a i n e d  i n  t h e  c o l u m n .  F i g u r e  4 i s  t h e  s c h e m a t i c  d i a g r a m s  o f  

P(VC-VAc) copo lymers  and t h e  m i x t u r e s  o f  PVC and PVAc h a v i n g  t h e  

V A c  c o n t e n t  o f  5.5% a n d  11.6%. The  c o p o l y m e r s  a n d  t h e  b l e n d s  

a p p e a r e d  a t  V o  w i t h  t h e  m o b i l e  p h a s e  o f  THF, s h o w i n g  a l l  t h e  

s o l u t e s  e l u t e d  f r o m  t h e  c o l u m n .  W i t h  t h e  m o b i l e  p h a s e  o f  DCE, 

two b l e n d s  and t h e  copolymer h a v i n g  a VAc c o n t e n t  of  5.5% a p p e a r e d  

a t  Vo and t h e  copolymer h a v i n g  a VAc c o n t e n t  o f  11.6% was r e t a i n e d  

i n  t h e  column. P o r t i o n s  e l u t e d  from t h e  column were o n l y  PVC f o r  

t h e  b l e n d s  a n d  t h e  w h o l e  f o r  t h e  c o p o l y e m r .  W i t h  t h e  m o b i l e  

phase  of  me thano l ,  two copo lymers  were r e t a i n e d  i n  t h e  column and 

o n l y  a s m a l l  p e a k  f o r  t h e  b l e n d s  c o u l d  b e  o b s e r v e d  a t  V R o .  T h e  

p o r t i o n  e l u t e d  f rom t h e  column was PVAc i n  t h e  b l e n d s ,  

I t  c a n  b e  s a i d  f r o m  t h e  r e s u l t s  shown  i n  F i g u r e  4 t h a t  t h e  

c o p o l y m e r s  h a v i n g  a V A c  c o n t e n t  o f  a t  l e a s t  11.6% a n d  l e s s  t h a n  

t h a t  were r e t a i n e d  i n  t h e  column w i t h  t h e  m o b i l e  p h a s e  o f  me thano l  

and t h a t  t h e  copo lymers  hav ing  a VAc c o n t e n t  o f  a t  least  11.6% and 

more t h a n  t h a t  were r e t a i n e d  i n  t h e  column w i t h  t h e  m o b i l e  phase  

o f  DCE. 
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