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SUMMARY 
The i so tac t i c  block and random copo lymers  of methyl  m e t h a c r y l a t e  and 

b u t y l  m e t h a c r y l a t e  p r e p a r e d  with  t-C4HgMgBr in to luene ,  were  a n a l y z e d  by 
us ing  a 500 MHz 1H NMR s p e c t r o m e t e r  as  a d e t e c t o r  of gel  pe rmea t ion  ch rom a-  
t o g r a p h y .  The molecular  we igh t  d e p e n d e n c e  of t he  chemical  composi t ions  of 
t h e s e  copo lymers  could  be d i r e c t l y  de t e rm ined  with  th i s  method by moni to r -  
ing  s igna l  i n t e n s i t i e s  of OCH 3 and OCH 2 due  to methyl  m e t h a c r y l a t e  and  
b u t y l  m e t h a c r y l a t e  un i t s ,  r e s p e c t i v e l y .  From the  r e s u l t s  mechanism of the  
copo lymer i za t i ons  was d i s c u s s e d  in some detai l .  

INTRODUCTION 

The p r o p e r t i e s  of copo lymers  d e p e n d  p r imar i ly  on t h e i r  chemical  com- 
pos i t ions ,  and  the  chemical  composi t ions  of copo lymers  o f t en  d e p e n d  on 
t h e i r  molecular  we igh ts .  Molecular we igh t  d e p e n d e n c e  of t he  composi t ions  
of copo lymers  has  been  de t e rmined  by f r ac t i ona t i on  and s u b s e q u e n t  compos i -  
t ional  ana ly s i s  of t he  f r ac t i ons .  However ,  th i s  method r e q u i r e s  much time 
and r a t h e r  l a r g e  amount  of sample.  A r e c e n t  r ev i ew  (1) by Mori d e s c r i b e s  
t h a t  d u a l - d e t e c t o r  sys tems ,  such  as U V - r e f r a c t i v e  index (RI), or  mult iple  
w a v e - l e n g t h s  d e t e c t i o n s  wi th  an IR or  UV d e t e c t o r ,  can be used  fo r  the  
d e t e rmina t i on  of copo lymer  composi t ion in gel  pe rmea t ion  c h r o m a t o g r a p h y  
(GPC). In t h e s e  methods ,  t he  monomer un i t s  to be d i s t i n c t i v e l y  d e t e c t e d  
a r e  o f t en  l imited by  e i t h e r  t h e i r  molecular  s t r u c t u r e  or  t h e i r  combinat ion.  

Rapid p r o g r e s s  has  been  made in NMR s p e c t r o m e t e r  on i ts  s e n s i t i v i t y  
and r e so lu t i on  by i n t r o d u c t i o n  of s u p e r c o n d u c t i n g  magnet .  Recen t  p u b l i c a -  
t ions  (2,3,4) d e m o n s t r a t e d  the  f eas ib i l i t y  of NMR s p e c t r o m e t e r  as a d e t e c -  
t o r  for  h igh  p e r f o r m a n c e  l iqu id  c h r o m a t o g r a p h y .  Recen t ly  we r e p o r t e d  t h a t  
the  on - l i ne  GPC/NMR method u s ing  a 500 MHz 1H NMR s p e c t r o m e t e r  was u s e f u l  
fo r  a n a l y z i n g  the  molecular  w e i g h t  and s t r u c t u r e  of po lymers  (5,6). In 
th i s  work,  t he  po ten t i a l  f eas ib i l i t y  of t he  GPC/NMR method has  been  r e a l i z -  
ed in the  ana ly s i s  of the  chemical  composi t ions  of block and random copo ly -  
mers  of methyl  m e t h a c r y l a t e  (MMA) and b u t y l  m e t h a c r y l a t e  (n-BuMA) ob ta ined  
by anionic  po lymer iza t ion .  The molecular  w e i g h t  d e p e n d e n c i e s  of t he  chemi-  
cal composi t ions  of t h e s e  copo lymers  d e t e r m i n e d  by the  GPC/NMR e x p e r i m e n t  
g a v e  us  i m p o r t a n t  in format ion  on the  copo lymer iza t ion  mechanism. 

EXPERIMENTAL 

MMA and n-BuMA were  p u r i f i e d  by f r ac t iona l  d is t i l la t ion ,  d r i ed  o v e r  
calcium d i h y d r i d e ,  and t h e n  d i s t i l l ed  u n d e r  h igh  vacuum j u s t  b e f o r e  use.  

t-C4H9MgBr was p r e p a r e d  from t-C4H9Br and magnesium in d r y  d i e thy l  
e t h e r  ([Mg]/[ t-C4Hg] = 1.28). 
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T o l u e n e ,  p u r i f i e d  in  a u s u a l  m a n n e r  a n d  s t o r e d  o v e r  s o d i u m  meta l ,  w a s  
mixed  w i t h  a sma l l  a m o u n t  of  n -C4HgLi  a n d  t h e n  v a c u u m - d i s t i l l e d .  

T h e  b l o c k  c o p o l y m e r i z a t i o n  w as  c a r r i e d  o u t  u n d e r  d r y  n i t r o g e n  in  a 
s e p a r a b l e  f l a s k  e q u i p p e d  w i t h  a m e c h a n i c a l  s t i r r e r .  T h e  p o l y m e r i z a t i o n  of  
t h e  f i r s t  m o n o m e r ,  HMA, w a s  i n i t i a t e d  b y  a d d i n g  t h e  t -C4H9MgBr  s o l u t i o n  to  
t h e  m o n o m e r  s o l u t i o n  in  t o l u e n e  a t  - 6 0 ~  A f t e r  4.5 h r ,  t o l u e n e  a n d  t h e n  
t h e  s e c o n d  m o n o m e r ,  n -BuMA,  w e r e  s l o w l y  a d d e d  to  t h e  r e a c t i o n  m i x t u r e  w i t h  
s t i r r i n g .  T h e  r a n d o m  c o p o l y m e r i z a t i o n  w a s  c a r r i e d  o u t  i n  a g l a s s  a m p o u l e  
u n d e r  d r y  n i t r o g e n .  T h e  r e a c t i o n  w a s  i n i t i a t e d  b y  a d d i n g  t h e  t -C4H9MgBr  
s o l u t i o n  to  a 2:1 m i x t u r e  of  MMA a n d  n - B u M A  in  t o l u e n e  a t  -78~  B o t h  c o -  
p o l y m e r i z a t i o n s  w e r e  t e r m i n a t e d  b y  a d d i n g  a sma l l  a m o u n t  of  m e t h a n o l  to  t h e  
r e a c t i o n  m i x t u r e .  T h e  s o l v e n t  a n d  u n r e a c t e d  m o n o m e r s  w e r e  r e m o v e d  f r o m  
t h e  r e a c t i o n  m i x t u r e  b y  v a c u u m  d i s t i l l a t i o n .  T h e  r e s i d u e s  w e r e  d i s s o l v e d  
i n  b e n z e n e ,  a n d  t h e  i n s o l u b l e  m a t e r i a l s  w e r e  r e m o v e d  b y  c e n t r i f u g a t i o n ,  a n d  
t h e  c o p o l y m e r s  w e r e  r e c o v e r e d  f r o m  t h e  b e n z e n e  s o l u t i o n s  b y  f r e e z e  d r y i n g .  

T h e  o n - l i n e  GPC/NMR s y s t e m  c o n s i s t e d  of  a JEOL JNM-GX500 s p e c t r o m e t e r  
a n d  a JASCO TRI ROTAR-V c h r o m a t o g r a p h  e q u i p p e d  w i t h  a S h o d e x  GPC c o l u m n  K- 
80M (30cmx0.8cm,  maximum p o r o s i t y = 3 x l 0 7 ) .  F u r t h e r  d e t a i l s  of  t h e  s y s t e m  
w a s  d e s c r i b e d  in  t h e  p r e v i o u s  r e p o r t  (5). C h l o r o f o r m - d  w a s  u s e d  a s  a n  
e l u e n t  a n d  t h e  f low r a t e  w a s  0.2 m l / m i n .  T h e  2D NMR s i g n a l  of  t h e  e l u e n t  
w a s  s a t i s f a c t o r i l y  i n t e n s e  f o r  i n t e r n a l  l ock  a n d  s h i m m i n g  of  t h e  m a g n e t i c  
f i e ld .  T h e  b a c k g r o u n d  s i g n a l s  d u e  to  t h e  sma l l  a m o u n t  of  i m p u r i t i e s  in  t h e  
e l u e n t ,  e x c e p t  f o r  t h e  s i g n a l  of  H20, w e r e  c o m p l e t e l y  e l i m i n a t e d  b y  s u b -  
t r a c t i n g  t h e  b a s e  l i n e  a b s o r b a n c e .  S i x t y  d e g r e e  p u l s e  a n d  t h e  r e p e t i t i o n  
t i m e  of  1.0 s w e r e  e m p l o y e d  in  t h e  1H NMR m e a s u r e m e n t .  T h e  i n j e c t e d  s a m p l e  
w a s  1.0 mg e a c h .  T h e  1H NMR d a t a ,  e a c h  c o n s i s t e d  of  8192 d a t a  p o i n t s  
c o v e r i n g  4500 Hz, w e r e  c o l l e c t e d  o v e r  t h e  e n t i r e  c h r o m a t o g r a p h i c  p e a k  a n d  
s t o r e d  a s  24 e o a d d e d  s c a n s  e v e r y  24 s.  A l i n e  b r o a d e n i n g  f a c t o r  of  0.55 Hz 
w a s  a p p l i e d .  

A S h o d e x  SE-61  RI d e t e c t o r  w as  a l s o  u s e d  f o r  t h e  d e t e c t i o n .  

RESULTS AND DISCUSSION 

P o l y m e r i z a t i o n  of  MMA b y  t -C4H9MgBr  in  t o l u e n e  a t  low t e m p e r a t u r e  
g i v e s  h i g h l y  i s o t a c t i c  PMMA w i t h  n a r r o w  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  (MWD) 
(7,8) .  T h e  p o l y m e r i z a t i o n  s y s t e m  i s  l i v i n g  a n d  p e r m i t s  u s  to  p r e p a r e  t h e  
b l o c k  c o p o l y m e r  of  MMA w i t h  o t h e r  m e t h a c r y l a t e s  (9).  I n  t h i s  w o r k ,  t h e  
PMMA-block-poly(n-BuMA) w a s  p r e p a r e d  b y  t h e  p o l y m e r i z a t i o n  of  n - B u M A  w i t h  
t h e  l i v i n g  i s o t a c t i c  PMMA f o r m e d  w i t h  t -C4H9MgBr  in  t o l u e n e  a t  - 6 0 ~  T h e  
p o l y ( M M A - r a n - n - B u M A )  w a s  p r e p a r e d  b y  a d d i n g  t -C4H9MgBr  to  t h e  m i x t u r e  of  
MMA a n d  n - B u M A  ([MMA]o/[n-BuMA]o=2/1) i n  t o l u e n e  a t  - 7 8 ~  T h e  r e s u l t s  of  
t h e s e  c o p o l y m e r i z a t i o n s  a r e  s h o w n  in  T a b l e  1. T h e  n u m b e r  a v e r a g e  m o l e c u l a r  

T a b l e  1 P r e p a r a t i o n  of  P o l y ( M M A ) - b l o c k - p o l y ( n - B u M A )  a n d  

P o l y ( M M A - r a n - n - B u M A )  w i t h  t -C4H9MgBr  in  T o l u e n e  a 

MMA/n-BuMA M~_M_~o Time Y i e l d  Mn M~ MMA/n-BuMA T a c t i c i t y ( % )  
i n  f e e d  [ I ] 0  ( h r )  (%) (VPO) Mn i n  po Iymer  b mm mr r r  

Bloc~ 3 4 . 4 / 6 5 . 6  8 7 . 5  4 .5+24  100 10500 2 . 4 4  3 4 . 3 / 6 5 . 7  97 3 0 
Rando~ 6 6 . 3 / 3 3 . 7  101 .0  72 99 11200 3 . 8 8  6 7 . 2 / 3 2 . 8  97 3 0 

a [ M M A + n _ B u M A ] 0 / t o l u e n e  = 2.0 mol /L .  
b D e t e r m i n e d  f r o m  1H NMR s p e c t r a  m e a s u r e d  i n  CDC13 a t  35~ 
c MMA 40retool, n - B u M A  76.4mmol,  t e m p e r a t u r e  -60~  M n ( c a l c d ) = 1 1 1 0 0 .  
d MMA 6.7mmol,  n - B u M A  3.4mmol,  t e m p e r a t u r e  -78~  M n ( c a l c d ) = 1 1 5 0 0 .  
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Figure 1 500 MHz IH NMR spectra of PMMA-block-poly(n-BuHA) (A) and 
poly(MMA-ran-n-BuMA) (B) prepared with t-C4H9MgBr in toluene at -60oc and 

-78~ respectively (CDCI 3, 35~ 
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Figure 2 O n - l i n e  GPC/NMR d a t a  of  PMHA-bloek-poly(n-BuMA) 
p r e p a r e d  w i t h  t -C4HgHgBr  in t o l u e n e  a t  - 6 0 o c  
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weight (Mn) of the copolymers agreed well with the expected value, indicat- 
ing the initiator efficiency to be close to unity, although multimodal 
MWD's were observed. Figure 1 shows 500 HHz IH NMR spectra of the copoly- 
mers measured in CDCI 3 at 35~ It is evident from the ~-CH 3 and CH 2 sig- 
nals that the eopolymers are highly isotaetie. 

Figure 2 shows the GPC/NHR data of the PHHA-block-poly(rr-BuHA). The 
GPC chromatograms corresponding to MMA and n-BuMA units can be obtained 
form the cross sections at 3.59ppm (OCH 3) and 3.95ppm (OCH2), respectively. 
Relative intensities of the chromatograms were normalized to represent the 
mole ratios of MMA and n-BuMA units: the cross sections at every 0.02 ppm 
covering the respective peak areas were accumulated and normalized. The 
results are shown in Figure 3-1. Thus, the eopolymer composition can be 
directly determined from the elution curves A and B at any speeified region 
in the chromatogram. This is one of the great advantages of this on-line 
GPC/NMR system over dual detection systems such as UV-RI detectors, which 
require calibration of the detected intensity for the real ehemieal eom- 
position. The ratio of the areas under the elution curves A and B (33.6 : 
66.4) agreed well with the mole ratio of MMA and n-BuMA units in the block 

PMMA block (A) - 

Poly(n-BuMA) block (B) . . . . . . . . . . . . . . . . .  / ,~ 

W h o l e  (C) /,,/" ~-~':~'"""", 

I I I I I 
40 45 50 55 Elution Time(rain) 

OCH2 OCH 3 

W h o l e  (2)  

(3)  

F1 

(4) 

4.0 3.5 8 (ppm) 
Figure 3 On-line GPC/NMR analysis of PMMA-block-poly(n-BuMA) 

prepared with t-C4HgMgBr in toluene at -60~ 
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copo lymer  (34.3 : 65.7) as  d e t e r m i n e d  from the  1H NMR s p e c t r u m  m e a s u r e d  
u n d e r  t he  s ta t i c  cond i t ions  (F igu re  l -A) .  The ch roma tog ram C(F igure  3-1C) 
ob t a ined  by summation of t h e  two ch roma tog rams  A and  B co inc ided  well wi th  
t h a t  ob t a ined  with  RI de tec t ion .  F i g u r e  3 also i l l u s t r a t e s  t he  1H NMR 
s p e c t r a  (OCH 3 and  OCH 2 reg ion)  ob ta ined  by summation of all t he  da t a  b locks  
c o v e r i n g  the  whole e lu t ion  peak  (F igu re  3-2) and  by summation of t he  da t a  
b locks  i nc luded  in t he  p a r t s  of F 1 (F igu re  3-3) and F 2 (F igu re  3-4),  bo th  
ind ica t ed  in F i g u r e  3-1. The to ta l  mole- ra t io  of MMA and n-BuMA d e t e r m i n -  
ed from F i g u r e  3-2 was aga in  34.5 : 65.5. The r e s u l t s  dep i c t ed  in F i g u r e  
3 c l ea r ly  show t h a t  t he  h igh  molecular  we igh t  f r ac t i on  is r i ch  in n-BuMA 
uni t s ,  while t he  low molecular  we igh t  f r a c t i o n  is r i ch  in MMA uni t s .  

The G15C/NMR da ta  of t he  PMMA-block-poly(n-BuMA) was d iv ided  into  s e v e n  
r e g i o n s  as i nd i ca t ed  in F i g u r e  4. The Mn for  each  r eg ion  was ca l cu la t ed  
from the  ca l ib ra t ion  c u r v e  made by us ing  s t a n d a r d  p o l y s t ~ r e n e s ,  and the  
chemical  composi t ion of each  r e g i o n  was de t e rm ined  from the  "H NMR s p e c t r u m  
for  t he  r eg ion .  Degrees  of po lymer iza t ion  (DP's) of t he  PMMA and p o l y ( n -  
BuMA) b locks  could be ca lcu la ted  from the  Mn's and the  chemical  compos i -  
t ions  for  t he  i nd iv idua l  r eg ions .  F i g u r e  4 shows the  p lo ts  of t he  loga -  
r i thmic  DP of t he  PMMA and poly(n-BuMA) b locks  fo r  each  r e g i o n  a g a i n s t  t he  
molecular  we igh t  of t he  copolymer .  The a v e r a g e  DP of PMMA blocks  was 
abou t  30, which  c o r r e s p o n d s  to t he  [MMA]0/[t-C4H9MgBr] 0 ra t io  in t he  po ly -  
mer iza t ion.  From the  we igh t  f r ac t i on  and Mn of each  reg ion ,  t he  Mw/Mn 

PMMA block / / ~  
Poly(n-BuMA) block ........................ / (  ............. 

I 

I I 

3 - " ~ ~  C) PMMAP~ block 

o . . . .  _ 
" - o - - - o -  . . . .  - o -  . . . .  

1 I I 
10 5 10 4 MW (PSt) 

Figure 4 Plots  of DP's of PMMA and poly(n-BuMA) b locks  in t he  

PMMA-block-poly(rr-BuMA) a g a i n s t  molecular  w e i g h t  of t he  block copo lymer  
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w a s  r o u g h l y  e s t i m a t e d  to  b e  1.07. T h e  v a l u e  i s  c l o s e  to  t h a t  f o r  t h e  PMMA 
h o m o p o l y m e r i z e d  w i t h  t -C4H9MgBr  in  t o l u e n e  a t  -60~  T h e  DP of  t h e  PMMA 
b l o c k  s l i g h t l y  i n c r e a s e s  w i t h  a n  i n c r e a s e  in  t h e  m o l e c u l a r  w e i g h t  of  t h e  
b l o c k  c o p o l y m e r .  T h e  r e s u l t  m ay  s u g g e s t  t h a t  t h e  l i v i n g  PMMA a n i o n s  w i t h  
h i g h e r  DP h a v e  h i g h e r  r e a c t i v i t y  t h a n  t h o s e  w i t h  l o w e r  DP in  t h e  p o l y m e r i -  
z a t i o n  of  n -BuMA.  I t  i s  a l s o  n o t i c e a b l e  t h a t  t h e  c h r o m a t o g r a m  s h o w e d  no  
d e t e c t a b l e  p e a k  d u e  to  t h e  PMMA h o m o p o l y m e r  w i t h  DP of  30. On t h e  o t h e r  
h a n d ,  log (DP)  of  p o l y ( n - B u M A )  b l o c k  i n c r e a s e d  l i n e a r l y  w i t h  a n  i n c r e a s e  in  
t h e  Mn of  t h e  c o p o l y m e r .  T h e s e  r e s u l t s  s h o w  t h a t  t h e  p o l y m e r  i s  t r u l y  a 
b l o c k  c o p o l y m e r  f o r m e d  f r o m  t h e  l i v i n g  PMMA a n i o n .  T h e  b i m o d a l  MWD of  t h e  
b l o c k  c o p o l y m e r  i n d i c a t e s  t h a t  a t  l e a s t  t wo  t y p e s  of  a c t i v e  s p e c i e s  w i t h  
d i f f e r e n t  a c t i v i t y  s h o u l d  b e  g e n e r a t e d  in  t h e  p o l y m e r i z a t i o n  of  n -BuMA w i t h  
t h e  l i v i n g  PMMA a n i o n ,  a l t h o u g h  t h e  i n i t i a t i o n  r e a c t i o n  o c c u r r e d  q u a n t i t a -  
t i v e l y .  Mn, Mw/Mn a n d  t h e  n u m b e r  of  p o l y m e r  m o l e c u l e  f o r  t h e  h i g h  a n d  low 
m o l e c u l a r  w e i g h t  p e a k s  in  t h e  b i m o d a l  GPC c u r v e  w e r e  e s t i m a t e d  s e p a r a t e l y  
a n d  l i s t e d  in  T a b l e  2. T h e  n u m b e r  of  p o l y m e r  m o l e c u l e s  of  t h e  h i g h  m o l e c u -  
l a r  w e i g h t  f r a c t i o n  w a s  o n e - f i f t i e t h  a s  m u c h  a s  t h a t  of  t h e  low m o l e c u l a r  
w e i g h t  f r a c t i o n ,  a l t h o u g h  t h e  DP of  t h e  f o r m e r  f r a c t i o n  w a s  10 t i m e s  a s  
l a r g e  a s  t h a t  of  t h e  l a t t e r  f r a c t i o n .  T h i s  m e a n s  t h a t  a b o u t  2 % of  t h e  
l i v i n g  PMMA a n i o n s  f o r m  t h e  p r o p a g a t i n g  s p e c i e s  f o r  t h e  h i g h  m o l e c u l a r  
w e i g h t  f r a c t i o n ,  w h o s e  a c t i v i t y  w a s  a b o u t  500 t i m e s  a s  h i g h  a s  t h a t  f o r  t h e  
low m o l e c u l a r  w e i g h t  f r a c t i o n .  

T a b l e  2 T h e  N u m b e r  of  P o l y m e r  M o l e c u l e s  in  t h e  High  a n d  
Low M o l e c u l a r  W e i g h t  F r a c t i o n s  of  Poly(MMA)-block-poly(n-BuMA) 

F r a c t i o n  Mn Mw Number o f  p o l y m e r  
(GPC) ~In m o l e c u l e s  (mmol) 

High MW part 87800 1.19 0.028 
Low MW part 9140 1.32 1.35 

P o l y m e r i z a t i o n  of  MMA w i t h  t -C4H9MgBr  i n  t o l u e n e  a t  low t e m p e r a t u r e  
g a v e  h i g h l y  i s o t a c t i c  PMMA w i t h  n a r r o w  MWD, w h i l e  p o l y m e r i z a t i o n  of  n -BuMA 
g a v e  h i g h l y  i s o t a c t i c  p o l y ( n - B u M A )  b u t  w i t h  m u l t i m o d a l  MWD. F i g u r e  5 s h o w s  
t h e  r e s u l t s  o b t a i n e d  b y  GPC/NMR e x p e r i m e n t  o n  t h e  r a n d o m  c o p o l y m e r  of  MMA 
a n d  n - B u M A  (MMA/n-BuMA = 66 .3 /33 .7 )  p r e p a r e d  w i t h  t -C4H9MgBr  in  t o l u e n e  a t  
-78~  T h e  c h r o m a t o g r a m  ( F i g u r e  5 - 1 F )  c l e a r l y  s h o w s  m u l t i m o d a l  MWD. T h e  
c h r o m a t o g r a m s  D a n d  E, b a s e d  o n  MMA a n d  n - B u M A  u n i t s ,  r e s p e c t i v e l y ,  i n d i -  
c a t e  t h a t  t h e  c h e m i c a l  c o m p o s i t i o n  i s  a l m o s t  i n d e p e n d e n t  of  i t s  m o l e c u l a r  
w e i g h t .  F i g u r e s  5 -2  a n d  5 -3  a r e  t h e  1H NMR s p e c t r a  of  f r a c t i o n s  F 3 a n d  F 4 
i n d i c a t e d  in  t h e  c h r o m a t o g r a m ,  r e s p e c t i v e l y .  I t  i s  e v i d e n t  f r o m  t h e  s p e c -  
t r a  t h a t  b o t h  t h e  f r a c t i o n s  a r e  h i g h l y  i s o t a c t i c .  T h e s e  r e s u l t s  s u g g e s t  
t h a t  m u l t i p l e  a c t i v e  s p e c i e s  w i t h  d i f f e r e n t  r e a c t i v i t i e s  e x i s t  i n  t h e  c o p o -  
l y m e r i z a t i o n  s y s t e m ,  b u t  t h e i r  m o n o m e r  s e l e c t i v i t i e s  a n d  s t e r e o r e g u l a r i t i e s  
a r e  a l m o s t  t h e  same .  

T h e  p r e s e n t  s t u d i e s  c l e a r l y  s h o w  t h a t  t h e  o n - l i n e  GPC/NMR a l l o w s  u s  to  
i n v e s t i g a t e  t h e  m o l e c u l a r  w e i g h t  d e p e n d e n c e  of  t h e  c h e m i c a l  c o m p o s i t i o n  of  
c o p o l y m e r ,  in  a s h o r t  t i m e  (~ 60 min) ,  w i t h  a sma l l  a m o u n t  of  s a m p l e ( ~  l m g )  
w i t h o u t  c a l i b r a t i o n ,  a n d  to  e x t r a c t  a w i d e  v a r i e t y  of  i n f o r m a t i o n  f r o m  t h e  
d a t a  of  a s i n g l e  e x p e r i m e n t .  T h e  r e s u l t s  o b s  b y  t h i s  m e t h o d  will  
s e r v e  to  i n v e s t i g a t e  c o p o l y m e r i z a t i o n  m e c h a n i s m .  I t  is  e a s y  to  i m a g i n e  
t h a t  t h e  a p p l i c a t i o n  of  t h e  GPC/NMR m e t h o d  i s  n o t  r e s t r i c t e d  to  t h e  a n a l y -  
s i s  of  t h e  c h e m i c a l  c o m p o s i t i o n  of  b i n a r y  c o p o l y m e r  b u t  c a n  b e  e x t e n d e d  to  
t h e  a n a l y s i s  of  t e r p o l y m e r  o r  t h e  h i g h e r  o r d e r  of  m u l t i c o m p o n e n t  c o p o l y m e r s  
a s  wel l  a s  t h e  a n a l y s i s  of  s t e r e o s e q u e n c e  d i s t r i b u t i o n  of  t a c t i c  p o l y m e r s .  



4 9 5  

i , [ , r i i 

4.0 

Figure  5 

REFERENCES 
1 
2 

3 
4 

5 

6 

7 

8 

9 

Accepted Apr i l  17, 1989 

MMAun it (0) / 
n-BuMA unit (E) . . . . . . . . . . . . . . . . . . .  / ;j 

! Whole (F) - -  / / /  

F3 / / 

. .  \\ i I ...-"11"....,... 

( I )  7 
i 

i I I I t 
40 45 50 55 Elution Time (minl 

( 2 ) [ H20 1 
W h o l e  

A I'  ' _ .~L_.._,L . . . .  
/ 

3.0 8 (ppm) 2.0 1.0 

On-line GPC/NMR analysis of poly(MMA-ran-n-BuMA) 
prepared with t-C4H9MgBr in toluene at -78oc 

Mori, S., Adv.  Chromat., 22, 187(1984). 
Bayer, E., Albert, K., Nieder, M., Grom, E., Wolff, G., Rindlisbacher,  
M., Anal. Chem., 54, 1747(1982). 
Dorn, H. C., Ana l  Chem., 56, 747A(1984), and re fe rences  therein.  
Laude Jr . ,  D. A., Wilkins, C. L., Trends  Ana l  Chem., 5_, 230(1986) and 
re fe rences  therein.  
Hatada, K., Ute, K., Okamoto, Y., Imanari,  M., Fujii, N., Polym. Bull., 
20, 317(1988). 
Hatada, K., Ute, K., Nishimura, T., Imanari, M., Fujii, N., Polym. 
Prepr. Jpn., 37, E431(1988). 
Hatada, K., Ute, K., Tanaka, K., Kitayama, T., Okamoto, Y., Polym. J., 
17, 977(1985). 
Hatada, K., Ute, K., Tanaka, K.I Okamoto, Y., Kitayama, T., Polym. J., 
18, 1037(1986). 
HaLada, K., Kitayama, T., Ute, K., Masuda, E., Shinozaki, T., Yamamoto, 
M., Polym. Prepr., Am. Chem. Sot., Div. Polym. Chem., 29(2), 54(1988). 


