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ELUTION - HIGH-PERFORMANCE 

SADAO MORP AND HIROSHI TAZIRI 
Depmhnmt of IndUstliill chemistry 

Faculty of Ensineering 
Mi university 

Tsy Mie 514 Japan 

ABSTRACT 

With s t e p w i s e  g r a d i e n t  e l u t i o n  of s t y r e n e - a c r y l o n i t r i l e  co- 
p o l y m e r s  f r o m  a n  O D S - s i l i c a  co lumn u s i n g  ch lo ro fo rm - n-hexane 
m i x t u r e s  as mobile  phases ,  each  copolymer was s e p a r a t e d  i n t o  s i x  
t o  e i g h t  p e a k s .  The i n i t i a l  m o b i l e  p h a s e  was n-hexane and t h e  
c o n t e n t  of  ch lo ro fo rm i n  t h e  mob i l e  phase was i n c r e a s e d  2% every 
f i v e  or t e n  minutes.  Sepa ra t ed  peaks were f r a c t i o n a t e d  and t h e  
a c r y l o n i t r i l e  (AN) c o n t e n t  a n d  m o l e c u l a r  w e i g h t  a v e r a g e s  were 
measured. The copolymers  were s e p a r a t e d  i n  o r d e r  of  i n c r e a s i n g  
t h e  AN c o n t e n t  and molecu la r  we igh t  w i t h  a few except ions.  T h i s  
e x p l a i n s  t h a t  t h e  f r a c t i o n s  h a v i n g  l o w e r  m o l e c u l a r  w e i g h t  h a v e  
lower AN con ten t .  

INTRODUCTION 

S e v e r a l  a t t e m p t s  f o r  t h e  d e t e r m i n a t i o n  of chemica l  heteroge-  

n e i t y  and chemica l  compos i t ion  d i s t r i b u t i o n  f o r  s ty rene -ac ry lon i -  

t r i le  copolymers  P(S-AN) by high-performance l i q u i d  chromatography 
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(HPLC) have been repor ted .  High-performance p r e c i p i t a t i o n  l i q u i d  

chromatography (HPPLC), developed by Gl6ckner was a p p l i e d  t o  t h e  
s e p a r a t i o n  of P(S-AN) accord ing  t o  composi t ion  (1,Z).  HPI’LC u s e s  

a m i x t u r e  o f  a good s o l v e n t  a n d  a n o n - s o l v e n t  f o r  t h e  c o p o l y m e r  
concerned as t h e  mobile  phase: t e t r a h y d r o f u r a n  (THF) - n-hexane o r  

THF - iso-octane i n  h i s  work. The i n i t i a l  mobile  phase c o n s i s t s  

of a n o n - s o l v e n t  and  t h e  c o p o l y m e r  w h i c h  is  d i s s o l v e d  i n  a good 

s o l v e n t  is  i n j e c t e d  i n t o  a column and i s  p r e c i p i t a t e d  on t o p  of  

t h e  column.  By a p p l y i n g  a g r a d i e n t  e l u t i o n  as  t o  i n c r e a s e  t h e  

c o n t e n t  of a good s o l v e n t  i n  t h e  m o b i l e  p h a s e ,  t h e  c o p o l y m e r  i s  

r e d i s s o l v e d  a n d  is  e l u t e d  a c c o r d i n g  t o  i t s  s o l u b i l i t y  i n t o  t h e  

mobile  phase. 

The s e p a r a t i o n  of  P(S-AN) copolymers by HPPLC w a s  found t o  be 

d e p e n d e n t  on t h e  c o m b i n a t i o n  o f  t h e  s t a t i o n a r y  p h a s e  (RF’-C18 o r  

s i l i c a  g e l )  and  t h e  m o b i l e  p h a s e  (a  m i x t u r e  o f  n - h e p t a n e  and  

d i c h l o r o m e t h a n e )  ( 3 ) .  A system o f  s i l i c a  g e l  w i t h  c h e m i c a l l y  

bonded cyanoethyl  groups / d i c h l o r o e t h a n e  - heptane - a c e t o n i t r i l e  

has  a l s o  been a p p l i e d  t o  t h e  s e p a r a t i o n  of P(S-AN) copolymers ( 4 ) .  
I n  o u r  p r e v i o u s  p a p e r  f o r  t h e  s e p a r a t i o n  o f  P(S-AN) c o p o l y -  

mers, t h e  e l u t i o n  b e h a v i o u r  of P(S-AN) c o p o l y m e r s  i n  HPPLC w i t h  

m i x t u r e s  of ch loroform and n-hexane as  mobile  phases  was eva lua ted  

(5). By apply ing  i s o c r a t i c  e l u t i o n  w i t h  c h l o r o f o r m  - n-hexane,  

next  phenomena have been observed. The copolymers  were e l u t e d  a t  

r e t e n t i o n  volume c o r r e s p o n d i n g  t o  t h e  i n t e r s t i t i a l  vo lume ( t h e  

volume of t h e  m o b i l e  p h a s e  o u t s i d e  t h e  g e l s  i n  t h e  co lumn = t h e  

e x c l u s i o n  l i m i t  i n  s ize  e x c l u s i o n  chromatography(SEC)) o r  r e t a i n e d  

i n  t h e  column, depending on t h e  composi t ions  of  t h e  copolymers  and 

of  t h e  mobile  phases. The copolymers  having much s t y r e n e  could  

e l u t e  a t  t h e  i n t e r s t i t i a l  vo lume w i t h  t h e  m o b i l e  p h a s e  o f  less  

c h l o r o f o r m .  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  n-hexane i n  t h e  

mobile  phase, t h e  copolymers  were r e t a i n e d  ( p r e c i p i t a t e d )  i n  t h e  

column. Bes ides  t h e  e l u t i o n  of  t h e  copolymers a t  t h e  i n t e r s t i t i a l  
vo lume o r  p r e c i p i t a t i o n  o f  t h e  c o p o l y m e r s  i n  t h e  c o l u m n ,  t h e  

copolymers were e l u t e d  a t  t h e  r e t e n t i o n  volume corresponding t o  
t h e  volume of t h e  m o b i l e  p h a s e  i n  t h e  co lumn ( t h e  sum o f  t h e  
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STYREWE-ACRYLONITRIIJZ COPOLYMERS 3057 

i n t e r s t i t i a l  volume and t h e  pore volume of  t h e  packing materials 
i n  t h e  column) w i t h  t h e  mob i l e  phase of t h e  i n t e r m e d i a t e  composi- 

t i o n  and t h i s  phenomenon was de f ined  as t h e  p r e - p r e c i p i t a t i o n  

s ta te  (a t r a n s i t i o n  per iod) .  

I n  o r d e r  t o  s e p a r a t e  t h e  copolymers  acco rd ing  t o  compos i t ion ,  

i n  o t h e r  word ,  t o  o b s e r v e  d i f f e r e n t  r e t e n t i o n  v o l u m e s  among t h e  

copolymers  having d i f f e r e n t  compos i t ion ,  t h e  l i n e a r  g r a d i e n t  e lu-  

t i o n  from 100X.n-hexane t o  100% ch lo ro fo rm h a s  been performed and 

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

i n  t h e  copolymers.  Although a l i n e a r  r e l a t i o n s h i p  between r e t e n -  

t i o n  vo lume  a n d  a c r y l o n i t r i l e  c o n t e n t  h a s  b e e n  o b s e r v e d ,  t h e  

r e s o l u t i o n  between two copolymers  was worse and t h e  compos i t ion  

d i f f e r e n c e  between t h e  two copolymers  should be more than  10% i n  

t h e  a c r y l o n i t r i l e  c o n t e n t  i n  o r d e r  t o  g e t  t h e  comple t e  r e s o l u t i o n  

between two copolymers.  

I n  t h e  p r e s e n t  r e p o r t ,  s t e p w i s e  g r a d i e n t  e l u t i o n  was p e r -  

formed f o r  t h e  purpose of i n c r e a s i n g  t h e  r e s o l u t i o n  between two 

copolymers  of which compos i t ions  were c l o s e  each o t h e r .  By t h i s  

e l u t i o n  method, each copo lymers  c o u l d  b e  s e p a r a t e d  i n t o  s e v e r a l  

peaks ,  

EXPERIMENTAL 

HPPLC was performed w i t h  a h igh  performance l i q u i d  chromatog- 

r aph  Model TRIROTAR-VI ( Ja sco  Corp., Tokyo, Japan) equiped w i t h  an  

u l t r a v i o l e t  ( U V )  a b s o r p t i o n  d e t e c t o r  Model UVIDEC-VI o p e r a t e d  a t  

270 nm. The packing material was silica-ODS (Deve los i l ,  Nomura 

C h e m i c a l  Co., A i c h i ,  J a p a n )  packed  i n  a co lumn of 250 m m  x 4.6 m m  
I.D. The c o l u m n  was t h e r m o s t a t e d  a t  2 5  O C  i n  a Model  AO-30C 

column oven (Showa Denko Co., Tokyo, Japan).  

S i z e  e x c l u s i o n  ch romatography  (SEC) f o r  t h e  m e a s u r e m e n t  of 
molecu la r  we igh t  ave rages  of t h e  f r a c t i o n s  of P(S-AN) copolymers  

was performed w i t h  t h e  same HPLC appa ra tus .  A column f o r  SEC was 
a G e l p a k  GL-W550 c o l u m n  (300 m m  x 10.7 m m  I . D . ) ( H i t a c h i  C h e m i c a l  
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3058 MORI AND TAZIRI 

Co., Tokyo, Japan)  packed w i t h  hydroxyla ted  polymethacry la te  g e l s .  
A UV d e t e c t o r  w a s  o p e r a t e d  a t  260 nm. 

Samples used i n  t h i s  exper iment  were P(S-AN) copolyme?rs pre- 
p a r e d  by s u s p e n s i o n  p o l y m e r i z a t i o n  and s u p p l i e d  by M i t s u b i s h i  

Monsant Co. (Yokkaichi, Japan). The a c r y l o n i t r i l e  (AN) c o n t e n t s  

of  t h e s e  copolymers  were measured by n i t r o g e n  a n a l y s i s  and were as 

f o l l o w s :  P(S-AN)-15, 14.8 w t % ;  P(S-AN)-20, 19.6 w t % ;  P(S-.AN)-27, 

26.2 w t % ;  a n d  P(S-AN)-33, 32.3 w t % .  T h e s e  c o p o l y m e r s  were 
d i s s o l v e d  i n  ch loroform a t  a c o n c e n t r a t i o n  of  0.1% f o r  a n a l y t i c a l  

s e p a r a t i o n  and a t  a c o n c e n t r a t i o n  of  0.5% f o r  p r e p a r a t i v e  separa-  

t i o n .  The  i n j e c t i o n  volume for t h e  s a m p l e  s o l u t i o n s  i n t o  t h e  

column was 0.1 mL. 
The m o b i l e  p h a s e s  f o r  HPPLC were 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  as a s t a b i l i z e r  and n-hexan and t h e i r  mixtures .  E l u t i o n  

was performed by s t e p w i s e  g r a d i e n t .  The i n i t i a l  mobile  phase was 
n-hexane and t e n  or t w e l v e  minutes  a f t e r  t h e  sample i n j e c t i o n ,  t h e  
c o n t e n t  of ch loroform i n  t h e  mobile  phase was i n c r e a s e d  l i n e a r l y  

i n  t e n  t o  seventeen  minutes  t o  s p e c i f i e d  concent ra t ion .  Then t h e  
c o n t e n t  of ch loroform was i n c r e a s e d  2% every f i v e  or t e n  minutes. 

The d e t a i l e d  p r o g r a m s  are  l i s t e d  i n  T a b l e s  1 ( f o r  a n a l y t i c a l  

s e p a r a t i o n )  and 2 ( f o r  p r e p a r a t i v e  s e p a r a t i o n ) .  The f l o w  ra te  of 
t h e  mobile  phase was 0.5 ml/min. 

The mobile  phase for SEC w a s  THF. S o l v e n t  i n  the f r a c t i o n s  

obta ined  by p r e p a r a t i v e  s e p a r a t i o n  was removed under reduced pres-  

s u r e  and t h e  r e s i d u e  w a s  r e d i s s o l v e d  i n  THF. 

RESULTS and DISCUSSION -- 

I n  t h e  prev ious  repor t (5) ,  a d j a c e n t  peaks of t h e  copolymers  
s e p a r a t e d  by l i n e a r  g r a d i e n t  e l u t i o n  o v e r l a p p e d  s o m e w h a t  a n d  i n  

o r d e r  t o  g e t  comple te  r e s o l u t i o n ,  t h e  composi t ion  d i f f e r e n c e  bet-  

ween t h e  t w o  c o p o l y m e r s  s h o u l d  b e  more t h a n  10 w t X  i n  AN.  A 
c a l i b r a t i o n  curve  of t h e  peak r e t e n t i o n  volume vs. t h e  composi t ion  

of  t h e  copolymers  c a n  be c o n s t r u c t e d  from F i g u r e  6 i n  t h e  p r e v i o u s  
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TABLE 1 

Stepwise  G r a d i e n t  Program f o r  A n a l y t i c a l  S e p a r a t i o n  

Time, min 0 10* 20* 25 30 35 40 45 50 55 

CHC13, % 0 0 20 22 24 26 28 30 32 34 

Time, min 60 65 70 75 80 85 90 95 100 

CHC13, % 36 38 40 42 44 46 48 50 52 

Time, min 105 110 115 120 125 130 135 140 

CHC13, % 54 56 58 60 62 64 66 68 

Time, min 145 150 155* 175* 

CHC13, % 70 72 72 0 

* 
Linea r  g r a d i e n t  e l u t i o n  from 0% CHCl t o  20% CHCl between 10 

and 20 min and from 72% CHC13 t o  0% CHh3 between 135 and 175 min. 

r e p o r t ( 5 )  a n d  by u s i n g  t h i s  c a l i b r a t i o n  c u r v e ,  t h e  c o m p o s i t i o n  

r ange  of each copolymers  can be c a l c u l a t e d  as fo l lows :  P(S-AN)-20, 
16.5 - (34); P(S-AN)-27, 22.6 - (38)(AN wt%).  The c o m p o s i t i o n  

r ange  c a l c u l a t e d  seems t o  be  t o o  broad and t h e r e f o r e ,  t h e s e  peak 

w i d t h s  must be  a f f e c t e d  not on ly  by a compos i t ion  d i s t r i b u t i o n  b u t  

also by a peak broadening e f f e c t  d u r i n g  t h e  e l u t i o n  i n  t h e  column. 

One of  t h e  p o s s i b i l i t i e s  t o  improve t h e  peak r e s o l u t i o n  is t o  

i n c r e a s e  t h e  p rogramming  t ime  i n  t h e  l i n e a r  g r a d i e n t  e l u t i o n .  

The d i f f e r e n c e  i n  r e t e n t i o n  volume i n c r e a s e d  w i t h  i n c r e a s i n g  t h e  

programming time, b u t  peak w i d t h s  a lso i n c r e a s e d  and t h e  improve- 

ment i n  t h e  peak r e s o l u t i o n  was n o t  much observed. 

The second p o s s i b i l i t y  t o  improve t h e  peak r e s o l u t i o n  i s  t o  

perform s t e p w i s e  g r a d i e n t  e l u t i o n .  A s t e p w i s e  g r a d i e n t  program 
ope ra t ed  i n  t h i s  work i s  l i s t e d  i n  Tab le  1 f o r  a n a l y t i c a l  s epa ra -  
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TABLE 2 

Stepwise Gradient Program f o r  Prepara t ive  Separation 

P(S-AN)-20 copolymer 

Time, min 0 12* 26* 36 46 56 66 76 86 96 

CHC13, % 0 0 34 36 38 40 42 44 46 48 

T i m e ,  min 1.06 116* 136* 

CHC13, % 50 50 0 

P(S-AN)-27 copolymer 

Time, min 0 12* 24* 34 44 54 64 74 84 94 

CHC13, % 0 0 40 42 44 46 48 50 52 54 

Time, m i n  104 114 124 134" 154* 

CHC13, % 56 58 60 60 0 

P(S-AN)-33 copolymer 

Time, m i n  0 12* 29* 39 49 59 69 79 89 99 

CHC13, % 0 0 48 50 52 54 56 58 60 62 

Time, min 109 119 129 139 149% 169* 

CHC13, % 64 66 68 70 70 0 

* Linear g rad ien t  e l u t i o n  between 12 and 26 min and between 116 and 
136 min f o r  P(S-AN)-20, between 12 and 24 min and between 134 and 
154 min f o r  P(S-AN)-27, and between 12 and 29 min and between 149 
and 169 min f o r  P(S-AN)-33. 
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t i o n  and chromatograms ob ta ined  by t h e  s t e p w i s e  g r a d i e n t  e l u t i o n  

a re  shown i n  F i g u r e s  1 a n d  2. F i g u r e  1 is t h o s e  f o r  P(S-AN)-15 
and  P(S-AN)-20 a n d  F i g u r e  2 is  t h o s e  f o r  P(S-AN)-27 a n d  P(S-AN)- 
33. The p rogramming  t ime  o f  s t e p w i s e  g r a d i e n t  e l u t i o n  and  t h e  

c o m p o s i t i o n s  o f  t h e  m o b i l e  p h a s e  a t  t h e  i n l e t  o f  pump are a l s o  

shown s c h e m a t i c a l l y .  The compos i t ions  of t h e  mobile  phase l i s t e d  

i n  T a b l e  1 and shown i n  F i g u r e s  1 and 2 a r e  t h o s e  a t  t h e  sys tem 

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

column a t  t h e  s p e c i f i e d  time are somewhat lower i n  t h e  ch lo ro fo rm 

c o n t e n t s  t han  t h o s e  shown t h e r e .  The m o n i t o r i n g  a t  w a v e l e n g t h  

260 nm caused t h e  b a s e l i n e  d r i f t  and t h e r e f o r e ,  wavelength 270 nm 

was employed i n  t h i s  work. 

P(S-AN)-20 copolymer was s e p a r a t e d  i n t o  6 (+2) peaks and P(S- 
AN)-27 copolymer i n t o  5 (t3) peaks by t h e  s t e p w i s e  g r a d i e n t  e lu -  

t i o n .  A l t h o u g h  some  p e a k s  o f  P(S-AN)-20 c o p o l y m e r  o v e r l a p p e d  

w i t h  t h o s e  o f  P(S-AN)-15 c o p o l y m e r ,  b u t  a l l  p e a k s  o f  P(S-AN)-20 
copolymer were n o t  superimposed on t h o s e  of  P(S-AN)-27 copolymer. 

These r e s u l t s  e x p r e s s  t h a t  t h e  r ange  of composi t ion f o r  P(S-AN)-20 
copolymer (and P(S-AN)-27 copolymer) i s  no t  wider  t han  t h a t  calcu- 

l a t e d  w i t h  a c a l i b r a t i o n  c u r v e  mentioned above and peak broadening 

e f f e c t  should be  cons ide red  f o r  t h e  r eason  of broad peaks, 

S t epwise  g r a d i e n t  e l u t i o n  f o r  a n a l y t i c a l  s e p a r a t i o n  s t a r t e d  

a t  20 min  a f t e r  t h e  i n j e c t i o n  o f  t h e  s a m p l e  s o l u t i o n .  T h i s  

s t a r t i n g  time a f f e c t e d  r e t e n t i o n  volumes of s e p a r a t e d  peaks. I n  

o r d e r  t o  g e t  good r e p r o d u c i b i l i t y  f o r  t h e  e l u t i o n  p o s i t i o n s  of t h e  

r e s o l v e d  peaks,  t h e  s t a r t i n g  compos i t ion  of  t h e  mob i l e  phase a t  a 

s t e p w i s e  g r a d i e n t  e l u t i o n  should be lower i n  t h e  chloroform con- 

t e n t  t han  t h e  compos i t ion  a t  which t h e  copolymer s tar ted t o  e l u t e .  

Chloroform c o n t e n t  i n  t h e  mobile  phase a t  which t h e  copoly- 

mers s t a r t e d  t o  e l u t e  from t h e  column by l i n e a r  g r a d i e n t  e l u t i o n  

was d i f f e r e n t  from t h a t  by stepwise g r a d i e n t  e l u t i o n .  P(S-AN)-15 
copolymer s t a r t e d  t o  e l u t e  a t  t h e  compos i t ion  of 75% ch lo ro fo rm 

i n  t h e  m o b i l e  p h a s e  b y  l i n e a r  g r a d i e n t  e l u t i o n  ( 5 ) ,  w h i l e  i t  

s t a r t e d  t o  e l u t e  a t  t h e  c o m p o s i t i o n  o f  34% c h l o r o f o r m  i n  t h e  

mob i l e  phase by s t e p w i s e  g r a d i e n t  e l u t i o n .  S i m i l a r l y ,  P(S-AN)-20 
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2 
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FIGURE 1. Chromatograms of P(S-AN) c o p o l y m e r s  o b t a i n e d  by s t e p -  
w i s e  g r a d i e n t  e l u t i o n  (1). ( a )  P(S-AN)-15, ( b )  P(S-AN)-20, ( c )  
c o m p o s i t i o n  p r o f i l e s  f o r  t h e  m o b i l e  p h a s e ;  UV:270 nm, xO.16; 
s a m p l e  c o n c e n t r a t i o n :  0.1%; i n j e c t i o n  volumne: 0.1 mL. 

I I  I I I I I I I I I I 1 -  
90 100 110 120 130 140 150 

Retention Time. min 

FIGURE 2. Chromatograms of P(S-AN) copo lymers  o b t a i n e d  by s t e p -  
wise g r a d i e n t  e l u t i o n  (2) .  ( a )  P(S-AN)-27, ( b )  P(S-AN)-33, (c) 
c o m p o s i t i o n  p r o f i l e s  f o r  t h e  m o b i l e  p h a s e ;  UV:270 nm, xO.16; 
s a m p l e  c o n c e n t r a t i o n :  0.1%; i n j e c t i i o n  volume: 0.1 mL. 
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copolymer s t a r t e d  t o  e l u t e  a t  82% ch lo ro fo rm i n  t h e  mob i l e  phase 

by l i n e a r  g r a d i e n t  e l u t i o n  and 38% ch lo ro fo rm by s t e p w i s e  g r a d i e n t  

e l u t i o n .  S t epwise  g r a d i e n t  e l u t i o n  r e q u i r e d  l e s s  good s o l v e n t  

t h a n  l i n e a r  g r a d i e n t  e l u t i o n .  The c o m p o s i t i o n  i n  t h e  m o b i l e  

p h a s e  a t  w h i c h  t h e  c o p o l y m e r s  s t a r t e d  t o  e l u t e  by s t e p w i s e  g r a -  

d i e n t  e l u t i o n  (e.g., P(S-AN)-20, 38% c h l o r o f o r m ,  P(S-AN)-27, 50% 

ch lo ro fo rm)  were n e a r l y  e q u a l  t o  t h o s e  of mix tu res  of chloroform 

a n d  n -hexane  c o r r e s p o n d e d  t o  c l o u d  p o i n t s  (5) (e.g. ,  P(S-AN)-20, 

36% ch lo ro fo rm,  P(S-AN)-27, 52.5% chloroform).  

I n  o r d e r  t o  measure t h e  compos i t ion  of  each peak s e p a r a t e d  by 

t h e  s t e p w i s e  g r a d i e n t  e l u t i o n ,  t h e  p e a k s  were f r a c t i o n a t e d  by 

p r e p a r a t i v e  s e p a r a t i o n .  Grad ien t  program f o r  p r e p a r a t i v e  sepa ra -  

t i o n  i s  somewhat d i f f e r e n t  from t h a t  f o r  a n a l y t i c a l  s e p a r a t i o n  and 

was i n d i c a t e d  i n  Tab le  2. Chromatograms f o r  P(S-AN)-20, P(S-AN)- 
27 a n d  P(S-AN)-33 c o p o l y m e r s  are  shown i n  F i g u r e s  3,  4 ,  a n d  5, 

r e s p e c t i v e l y .  Sample c o n c e n t r a t i o n  was 0.5% and i n j e c t i o n  volume 

was 0.1 mL. No d i f f e r e n c e  i n  peak r e t e n t i o n  volume was found i n  

bo th  sample c o n c e n t r a t i o n s ,  0.1% and 0.5%. Chromatograms o b t a i n e d  

w i t h  t h e  0.1% s a m p l e  c o n c e n t r a t i o n  a r e  shown i n  F i g u r e s  3 a n d  Ir 

f o r  comparison purpose.  Shaded p a r t s  i n  peaks i n d i c a t e  f r a c t i o n -  

ated p a r t s .  

Four peaks of each samples  were f r a c t i o n a t e d ,  t h e  f r a c t i o n s  

were cas t  on  a KBr d i s k ,  a n d  t h e n  t h e  i n f r a r e d  s p e c t r a  o f  t h e  
f r a c t i o n s  were m e a s u r e d  by FTIR. A c a l i b r a t i o n  c u r v e  was con-  

s t r u c t e d  by u s i n g  t h e  u n f r a c t i o n a t e d  P(S-AN) c o p o l y m e r s  a n d  t h e  

absorbance r a t i o  of  2260 cm-' and 1602 cm-' was p l o t t e d  a g a i n s t  AN 

con ten t .  Composi t ion of  t h e  f r a c t i o n s  was d e t e r m i n e d  by u s i n g  

t h i s  c a l i b r a t i o n  curve.  The r e s u l t s  are .shown i n  Tab le  3. From 

T a b l e  3, i t  was f o u n d  t h a t  P(S-AN)-33 c o p o l y m e r  was s e p a r a t e d  

a c c o r d i n g  t o  its compos i t ion  and each peaks have abou t  one p e r c e n t  

d i f f e r e n c e  i n  composi t ion.  Although f r a c t i o n s  No. 1, 2 ,  and 3 of 

P(S-AN)-ZO copolymer were i n  o r d e r  of  i n c r e a s i n g  t h e  AN c o n t e n t  i n  

t h e  copolymer,  f r a c t i o n s  3 and 4 were i n  r e v e r s e  o rde r .  F r a c t i o n s  

No. 1 and 2 of P(S-AN)-27 copolymer had t h e  similar compos i t ion  as 

well  as those  No. 3 and  4 .  
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FIGURE 3. C h r o m a t o g r a m s  o f  P(S-AN)-20 c o p o l y m e r  o b t a i n e d  by 
s t e p w i s e  g r a d i e n t  e l u t i o n  . Sample c o n c e n t r a t i o n :  (a) 0.5%, (b) 
0.1%; s h a d e d  p a r t s  i n  p e a k s  i n d i c a t e  f r a c t i o n a t i o n  r a n g e  and  
f i g u r e s  above t h e  peaks r e p r e s e n t  t h e  f r a c t i o n  numbers. 

I I I I I I 'I 
50 60 70 80 90 100 110 

Retenlion Time. min 

FIGURE 4. C h r o m a t o g r a m s  o f  P(S-AN)-27 c o p o l y m e r  o b t a i n e d  by 
s t e p w i s e  g r a d i e n t  e l u t i o n .  S a m p l e  c o n c e n t r a t i o n :  ( a )  0.5%, (b)  
0.1%; shaded p a r t s  and f i g u r e s  above t h e  peaks were t h e  same as i n  
FIGURE 3. 
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FIGURE 5. 
s t e p w i s e  g r a d i e n t  e l u t i o n .  
parts and f i g u r e s  above t h e  peaks were t h e  same a s  i n  FIGURE 3. 

C h r o m a t o g r a m s  o f  P(S-AN)-33 c o p o l y m e r  o b t a i n e d  by 
S a m p l e  c o n c e n t r a t i o n :  0.5X; s h a d e d  

TABLE 3 

Composition of F r a c t i o n s  (AN, w t X )  

F r a c t i o n  number P(S-AN)-20 P(S-AN)-27 P(S-AN)-33 

18.0 25.4 30.5 

19.2 25.8 31.8 

21.8 27.3 32.8 

20.5 27.3 34.0 

Unfrac t iona ted  19.6 26.2 32.3 
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FIGURE 6. SEC c h r o m a t o g r a m s  o f  P(S-AN)-20 c o p o l y m e r  a n d  i t s  
f r a c t i o n s .  (a) :Unfract ionated,  (b): f r a c t i o n  number 4 ,  (c):frac- 
t i o n  number 3, ( d ) : f r a c t i o n  number 2 ,  ( e ) : f r a c t i o n  number 1. 
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FIGURE 7. 
f r a c t i o n s .  a ,  b, c ,  d ,  and e are t h e  same as i n  FIGURE 6. 

SEC c h r o m a t o g r a m s  o f  P(S-AN)-27 c o p o l y m e r  and  i t s  
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TABLE 4 

Molecular Weight Averages of F r a c t i o n s  as  Po lys ty rene  Equ iva len t  

Number ave rage  Weight ave rage  

P(S-AN)-20 2.4 104 11.2 lo4 

F r a c t i o n  No. 1 2.8 4.7 

F r a c t i o n  No. 2 5.4 8.7 

F r a c t i o n  No. 3 11.7 15.5 

F r a c t i o n  No. 4 21.3 25.8 

P(S-AN)-27 1.83 9.1 

F r a c t i o n  No. 1 2.6 5.2 

F r a c t i o n  No. 2 4.7 8.6 

F r a c t i o n  No. 3 6.6 12.9 

F r a c t i o n  No. 4 7.1 17.5 

I n  o r d e r  t o  c o n s i d e r  t h i s  r e v e r s e  o r d e r  e l u t i o n  i n  composi- 

t i o n ,  SEC of t h e s e  f r a c t i o n s  was performed and chromatograms are 
shown i n  F i g u r e s  6 and 7 and t h e  molecular  weight  ave rages  ca l cu -  

l a t e d  a re  l i s t e d  i n  T a b l e  4 a s  p o l y s t y r e n e  e q u i v a l e n t  m o l e c u l a r  

weight .  E l u t i o n  of t h e s e  f r a c t i o n s  were i n  o r d e r  of i n c r e a s i n g  

m o l e c u l a r  w e i g h t .  I t  c a n  b e  s a i d  t h a t  t h i s  e l u t i o n  me thod  i s  

a f f e c t e d  by bo th  t h e  compos i t ion  and the molecu la r  we igh t  of t h e  

c o p o l y m e r s ,  I t  i s  a l s o  p o s s i b l e  t o  say r o u g h l y  t h a t  t h e  f r a c -  

t i o n s  having lower  molecu la r  w e i g h t s  have lower AN con ten t s .  
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