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The study of microstructures of poly(viny1 alcohol) 
by NMR 

ABSTRACT: The m i c r o s t r u c t u r e s  of v a r i o u s  p o l y ( v i n y 1  a l c o h o l )  
s amples  have been  s t u d i e d  by 1H and 13C-NMR t e c h n i q u e s .  
S p e c t r a  t a k e n  i n  a mixed s o l v e n t  (d6-DMSOt and D20)show marked 
changes  w i t h  chang ing  t h e  r a t i o  d6-DMSO t o  D20, which may b e  
due t o  confo rma t ion  changes .  The c o n c e n t r a t i o n  o f  1 , 2 - g l y c o l  
l i n k a g e s  h a s  been  d e t e r m i n e d  q u a n t i t a t i v e l y  i n  t h e  1H-NMR 
spec t rum.  Weak f e a t u r e s , a r i s i n g  from endgroups  formed by t h e  
c h a i n  t r a n s f e r  r e a c t i o n s  t o  monomer o r  polymer ,  have been  
i d e n t i f i e d  i n  t h e  spec t rum.0ne  of t h e  major  endgroups  h a s  been  
de te rmined  t o  e x i s t  i n  t h e  y - l a c t o n e  form unde r  t h e  a c i d i c  
c o n d i t i o n ,  w h i l e  i n  t h e  c a r b o x y l i c  a c i d  sodium s a l t  form unde r  
t h e  a l k a l i n e  c o n d i t i o n .  No f r e e  c a r b o x y l i c  a c i d  g roup  h a s  been  
d e t e c t e d .  The s h o r t  c h a i n  b r a n c h e s  c o n s i s t i n g  of two monomer 
u n i t s  ( b u t y l  b r a n c h e s )  have been  a l s o  e s t i m a t e d .  O t h e r  
s t r u c t u r a l  i r r e g u l a r i t i e s ,  po lyene  s t r u c t u r e s  which a r i s i n g  
from t h e  h e a t  t r e a t m e n t ,  were a n a l y z e d  by a two-dimens iona l  
NMR(C0SY) method. 

INTRODUCTION 

Usua l ly  p o l y ( v i n y 1  a l c o h o l )  i s  p r e p a r e d  DOUBLE BONDS IRREGUUR STRUCTURES 
a41,41,-a-a-alf ---. by r a d i c a l  p o l y m e r i z a t i o n  o f  v i n y l  a c e t a t e  ,--- ,,,,,-(wa),6a,- 

I 
I 

I I  f o l l o w e d  by s a p o n i f i c a t i o n  of p o l y ( v i n y 1  I I 
a c e t a t e )  ( r e f . 1 ) .  Chemical and p h y s i c a l  i OH 0 OH I O H O H  
p r o p e r t i e s  o f  p o l y ( v i n y 1  a l c o h o l j  are 
s t r o n g l y  i n f l u e n c e d  by t h e  d e g r e e  o f  ! 
p o l y m e r i z a t i o n  a s  w e l l  as t h e  d e g r e e  o f  
s a p o n i f i c a t i o n .  Moreover i t  h a s  been  L C  

I 
(--- 

SHORT BRANCHES 6 2  

clear  t h a t  t h e  m i c r o s t r u c t u r e s  of t h e  
polymer c h a i n  may b e  an i m p o r t a n t  f a c t o r  
t o  d e t e r m i n e  t h e i r  p r o p e r t i e s  ( r e f . 2 - 4 ) .  
A s  shown i n  F i g .  1, t h e r e  are many k i n d s  
of m i c r o s t r u c t u r e s  i n  p o l y ( v i n y 1  a l c o h o l ) ,  
t h e  o b j e c t i v e s  b e i n g  t h e  d e t e r m i n a t i o n  of 
t a c t i c i t y  and d e t e c t i o n  o f  i r r e g u l a r  
s t r u c t u r e s  s u c h  as end g r o u p s ,  s h o r t  
b r a n c h e s ,  po lyene  s t r u c t u r e  and r e v e r s e d  
monomer sequences .  NMR i s  t h e  most 
power fu l  method a v a i l a b l e  f o r  
c h a r a c t e r i z i n g  m i c r o s t r u c t u r e s  of po lymer .  
I n  t h i s  p a p e r ,  t h e  r e s u l t s  of 1H and 1%- 
NMR s t u d y  on t h e  m i c r o s t r u c t u r e s  o f  
p o l y ( v i n y 1  a l c o h o l )  a r e  p r e s e n t e d .  

Fig. 1 

Microstructures of poly(viny1 alcohol). 

EXPERIMENTAL 

Materials 
PVA-A,B (PVA-117, 1 0 3 ,  Kuraray  Co. )  and PVA-C (#17-99, Shanx i  Vinylon  Co. ,  
S h a n x i ,  C h i n a )  are commerc ia l ly  a v a i l a b l e  bamples ,  which ewre p r e p a r e d  by 
h y d r o l y s i s  o f  r a d i c a l  po lymer i zed  p o l y ( v i n y 1  a c e t a t e )  (PVAc). PVA-D and E 
were d e r i v a t i v e s  o f  PVAc s y n t h e s i z e d  from v i n y l  a c e t a t e ,  V A c ,  i n  an a l c o h o l  
s o l u t i o n .  PVA-D was o b t a i n e d  i n  methanol  a t  -78OC i n  t h e  p r e s e n c e  o f  
t r i e t h y l b o r a n e ,  and PVA-E i n  e t h a n o l  a t  2OO0C w i t h o u t  an i n i t i a t o r .  PVA-F 
was d e r i v e d  from PVAc, which was po lymer i zed  a t  6OoC on a d d i t i o n  o f  a s m a l l  

'dg-DMSO = (CD3)2SO 

2140 
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amount of a c e t a l d e h y d e  as a c h a i n  t r a n s f e r  a g e n t .  2 ,3 -Hexaned io l ,  2 , 5 -  
Hexaned io l ,  and t h r e o -  and erythro-1,3,4-hexanetriol were u s e d  as 
model compounds of n e i g h b o r i n g  1 , 2 - g l y c o l  s t r u c t u r e .  They were s y n t h e s i z e d  
i n  o u r  l a b o r a t o r y  or were p u r c h a s e d ,  i f  a v a i l a b l e .  

Measurements 
The 400 and 500 MHz 1H-NMR s p e c t r a  were o b t a i n e d  a t  60'C w i t h  J E O L  
JNM-GX400 and JNM-GX500 s p e c t r o m e t e r s .  Sample c o n c e n t r a t i o n  w a s  5%(w/v)  
i n  p e r d e u t e r i a t e d  d i m e t h y l  s u l f o x i d e  (d6-DMSO) or D20, which p r o v i d e s  t h e  
i n t e r n a l  l o c k  s i g n a l .  Approximate ly  256 - 10000 f r e e  i n d u c t i o n  decays  were 
accumula ted  u s i n g  a p u l s e  w i d t h  of 4 us ( c o r r e s p o n d i n g  t o  a f l i p  a n g l e  of 
45' ) ,  a p u l s e  i n t e r v a l  of 5 . 0  s ,  and s p e c t r a l  w i d t h  o f  8000-10000 H z .  Homo- 
n u c l e a r  2D c o r r e l a t e d  s p e c t r o s c o p y  (COSY) was pe r fo rmed  by u s i n g  t h e  
s t a n d a r d  sequence  D-90' - t l  -45' -FID ( r e f . 5 ) .  The d e l a y  t i m e  ( Q )  was s e t  
t o  1.5s. The f i r s t  90' p u l s e  c a u s e s  e a c h  p r o t o n  t o  p r e c e s s  a t  i t s  i n i t i a l  
f r equency  d u r i n g  t_l. The second  45' p u l s e  c a u s e s  m a g n e t i z a t i o n  exchange  
between p r o t o n s  t h a t  a r e  J -coupled  t o  e a c h  o t h e r .  The i n i t i a l  d a t a  m a t r i x  
w a s  3500Hz (1K d a t a  p o i n t )  i n  b o t h  d imens ions ,  and d i g i t a l  r e s o l u t i o n  
a f t e r  z e r o - f i l l i n g  was 3 . 5  H z / p o i n t .  A s i n e - b e l l  f i l t e r i n g  f u n c t i o n  was u s e d  
i n  b o t h  d imens ions .  The 100  and 125  MHz 13C-NMR s p e c t r a  were o b t a i n e d  w i t h  
JNM-GX400 and JNM-GX500. The sample  c o n c e n t r a t i o n  was lO%(w/v) i n  d6-DMSO 
a n d / o r  D z O .  The s p e c t r a  were r e c o r d e d  a t  8OoC, u s i n g  p u l s e  w i d t h s  of l o p s (  
p u l s e  a n g l e  45') and p u l s e  i n t e r v a l s  of 3 . 0  s .  S p e c t r a  were o b t a i n e d  a f t e r  
accumula t ion  of 5000 - 20000 s c a n s .  T e t r a m e t h y l s i l a n e ,  TMS, was added  
a s  an i n t e r n a l  s t a n d a r d  t o  t h e  d6-DMSO s o l u t i o n ,  and sodium 3 - t r ime thy l -  
s i l y l p r o p i o n a t e , T S P ,  t o  t h e  D20 s o l u t i o n .  I n  pe r fo rming  q u a n t i t a t i v e  13C-NMR 
measurements ,  one  must t a k e  i n t o  accoun t  d i f f e r e n c e s  i n  Nuc lea r  Overhause r  
e f f e c t  (NOE) and s p i n - l a t t i c e  r e l a x a t i o n  t imes ( 'TI ) .  N e i t h e r  T1 nor  NOE 
v a l u e  h a s  been  d e t e r m i n e d ,  b u t  one  a d d i t i o n a l  13C-NMR exper imen t  was 
per formed on PVA w i t h  a much l o n g e r  d e l a y  t i m e  
(10s) and g a t i n g  o f f  t h e  d e c o u p l e r  t o  remove t h e  
NOE. The r e s u l t s  were i d e n t i c a l  w i t h  t h o s e  o b t a i n e d  
by 13C-NMR w i t h  t h e  s t a n d a r d  method. 

TACTlClTY 
Regard ing  1H-NMR s p e c t r a ,  a number of worke r s  ( r e f .  
6-8) showed t h a t  when DMs0-d.~ is u s e d  a s  a s o l v e n t ,  
t h r e e  d i s t i n c t  hydroxy l  p r o t o n  r e s o n a n c e ,  c o r r e -  
spond ing  t o  t r i a d  s e q u e n c e s , c a n  b e  o b s e r v e d .  13C-NMR 
s p e c t r a  o f  PVA samples  were t a k e n  a t  2 2 . 6  and 6 7 . 9  
MHz i n  DMSO-dG s o l u t i o n  by Wu and S h e e r  ( r e f . 9 ) .  
They conc luded  t h a t  t h e  me th ine  ca rbon  atom r e s o -  
nance was i n t e r p r e t e d  i n  terms of p e n t a d s .  O v e n a l l (  
r e f . 1 0 )  h a s  r e p o r t e d  an i n v e s t i g a t i o n  on t h e  micro-  
s t r u c t u r e  of a t a c t i c  and h i g h l y  i s o t a c t i c  p o l y ( v i n y 1  
a l c o h o l )  s amples  by 100  MHz 13C-NMR. The r e s o l u t i o n  
enhanced  s p e c t r a  were w e l l  r e s o l v e d  a t  t h e  h e p t a d  
and hexad t a c t i c i t y  s e q u e n c e s .  We have r e p o r t e d ( r e f .  
11) t h e  13C-NMR s p e c t r a  of PVA d i s s o l v e d  i n  D20 and 
DMSO-d6 a t  100MHz. Fig.:! i l l u s t r a t e s  v a r i a t i o n s  o f  
t h e  methylene  ca rbon  atom r e s o n a n c e s  of PVA-A when 
t h e  s o l v e n t  r a t i o  D20 t o  DMSO-d6 i s  changed .  With 
i n c r e a s i n g  DMSO-d6 c o n t e n t ,  t h e  peaks  due  t o  
t h r e e  m-centered  t e t r a d s s h i f t  u p f i e l d .  C o n s i d e r i n g  
t h e  non hydrogen atom y-gauche i n t e r a c t i o n  r e p o r t e d  
by T o n e l l i  ( r e f . l 2 ) ,  w e  conc luded  t h a t  some c o n f o r -  
mat ion  changes  have o c c u r r e d  i n  t h e  polymer s o l u t i o n .  

Fig. 2 

Solvent  e f f e c t s  on 100 MHz 
~ ~ C - N M R  s p e c t r a  of PVA-A a t  
80'C; D20/DMSO-d6 ( v o l / v o l )  
( a )  D20 only  
( b )  311 
( c )  111 
(d) 113 
(e )  DMSO-d6 only .  
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r-CHa-p-p-CHy-cH3 3 4  1 
OH O H  

1,2 GLYCOL LINKAGES 
The determination of lJ2-glycol linkages 
in PVA is important because such an ir- 
regular bonding produces serious unde- 
sirable effects on the properties of PVA 
,such as thermal deterioration and re- 
duction of mechanical properties. The 
chemical assay method(ref.13)has usually 
been. adopted for this determination, 
but some new method of nondestructive 
determination has long been sought. The 
400 MHz 1H-NMR spectrum of PVA-A dis- 
solved in DMSO-de is shown in Fig. 3, 
where the hydroxyl proton signals were 
removed from the observable range by 
adding a few drops of trifluoroacetic 
acid(TFA) to the solution. Since the 
signals related to the 1,2-glycol link- 
ages, which appeared in the chemical 
shift regions 0.8-1.3 and 3.0-3.8 ppm, 
were very small, the partly expanded 
spectra are also shown in the figure. 
Using the results from the proton chemi- 
cal shifts of some model compounds, we 
could assign all the CH resonances of 
PVA relating to the 1,2-1,4-glycol and 
terminal 1,2-glycol structures as de- 
picted in Fig.3. The 100 MHz 13C-NMR 
signals corresponding to the 1,2-glycol 
linkages are small in intensity for all 
samples. The signals were enhanced as 
shown in Fig. 4 for PVA-E. Signal as- 
signment was made according to the data 
of the previous papers(ref.l4).Splitting 
of the carbon signals in the figure may 
suggest the presence of some configu- 
ration effect which is produced by the 
surrounding atoms on the 1,2-glycol 
1inkage.B~ the signal intensity measure- 
ments, the contents of the l,2-glycol 
units located at the terminal and the 
inner positions of a polymer chain were 
evaluated and are listed in Table 1. The 

$IH OH 

1 2 3  
- CH,-CH-&-CH~-CH~-CH, 

1 

1 
CH~-CH,-CR-&~~-CH~-CH, r 

' . i ' -ppm 3 2 

Fig. 3 
PVA-A and its model compounds of 
irregular structure in PVA. 

400 MHZ 1~-NMR spectra of 

sum of the values for PVA-A approximately agrees with the total value of the 
1,2-glycol linkage determined by the chemical assay method with periodic 
acid titration. 

cs c, I -- 
X8 

- c -g;c, - 2;- g$$- c 1 - c, - c, - c - 
bH 

C1 

15 70 45 40 35 30 

Fig 4 
showing only 1,2-glycol linkage. 

100 MHz I3C-NMR spectra of PVA-E in D20, increased amplitude 
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TABLE 1 Contents of t h e  l , 2 - g l y c o l  u n i t s  per 100.monomer u n i t s  

Sample inner p o s i t i o n s  terminal Total  
P V A - A  1 . 6 1  0 . 0 6  1.68 
P V A - C  1.64 0 . 0 6  1.70 
P V A - D  0.67' 0.03 0.70 
P V L - E  2 . 6 0  0.50 3.10 

END GROUPS 
Chain  t r a n s f e r  r e a c t i o n  is p r e d o m i n a n t l y  o c c u r r e d  i n  v i n y l  acetate  po lymer i -  
z a t i o n .  C o n s e q u e n t l y ,  v a r i o u s  k i n d s  o f  end  g r o u p s  e x i s t  i n  PVA ( r e f . 1 5 ) .  
The ma jo r  end  g r o u p s  are HOCH2CH2- and  CH3CH(OH)CH(OH)CH2-. O t h e r  
ma jo r  end  g r o u p s  a r i s i n g  f rom t h e  c h a i n  t r a n s f e r  r e a c t i o n  t o  monomer o r  
polymer  were i n v e s t i g a t e d  by 1H-NMR. Chain  t r a n s f e r  t o  t h e  t e r m i n a l  a c e t y l  
me thy l  g roup  of V A c  would l e a d  t o  an  end  g roup  which  i s  a v i n y l  acetate  
es te r  ( e q s ( 1 ) - ( 2 ) )  

-CH2 H* + CH2=CHOCOCH3+-CHZ?H2 + C H ~ = C H O C O C H ~ O  (1) 

CH2=CHOCOCH2* ___j CH2=CHOCOCH2-(CH2?H)n- ( 2 )  

gAc OAc 

n V A c  

OAc  

a l c o h o l y s i s  

NaOH/MeOH 8 bH - 0 OH 
-> NaOCCH2-(CH2CH)n- and  / o r  HOSCH2-(CH2?H)g- ( 3 )  

and  a l c o h o l y s i s  would c o n v e r t  i t  t o  a c a r b o x y l i c  a c i d  end  g roup  a n d / o r  a 
c a r b o x y l i c  a c i d  sodium s a l t  end  g roup  ( e q . ( 3 ) ) .  500MHz 1H-NMR s p e c t r a  of 
PVA-A d i s s o l v e d  i n  d e u t e r i u m  o x i d e  are shown i n  F i g .  5 .  When HC1 was added  
t o  D20 s o l u t i o n  o f  PVA, t h e  peak  r e s o n a n c e d  a t  a b o u t  2.3ppm d i s a p p e a r e d ,  and  
t h e  groups H a  and  Hb i n c r e a s e d  i n  i n t e n s i t y .  An o p p o s i t e  phenomenon 
o c c u r r e d  on a d d i t i o n  o f  NaOH. These  r e s u l t s  and  o u r  p r e v i o u s  d a t a ( r e f . 1 4 )  
i n d i c a t e  t h a t  t h e  c a r b o x y l  and  t h e  h y d r o x y l  g r o u p s  i n  PVA undergo  an  i n t r a -  
m o l e c u l a r  r e a c t i o n  t o  form t h e  y - l a c t o n e  s t r u c t u r e  and  t h a t  t h e  r e a c t i o n  
i s  promoted  i n  t h e  p r e s e n c e  o f  h y d r o c h l o r i c  a c i d  and  r e v e r s e d  i n  t h e  
p r e s e n c e  of sodium h y d r o x i d e .  Thus ,  t h e  p e a k s  Ha and  H b  are  a s s i g n e d  t o  
me thy lene  p r o t o n s  i n  t h e  c l o s e d  form and  t h e  peak  a t  2.3ppm i s  a s s i g n e d  t o  
t h o s e  i n  t h e  open form as p o i n t e d  i n  t h e  f i g u r e .  500MHz 1H-NMR s p e c t r u m  o f  
PVA-A d i s s o l v e d  i n  DMSO-d6 a t  6OoC i s  shown i n  F i g . 6 .  No c a r b o x y l i c  a c i d  
p r o t o n  was o b s e r v e d .  

-CH2COONa 

-CH2- 

Fig.  5 
a t  6OoC ( a )  normal spectrum; ( b )  same, increased 
amplitude; ( c )  i n  the presence of excess DC1; and 
(d) i n  the presence of excess NaOH. 

500 MHz IH-NMR spectra of PVA i n  D20 

-CE- 

AH j 

3 - -CH2- 
UY .D 

b m 

i 
--P . m-- 
1 4 1 3 1 b 1 1  10 9 8 7 6 6 4 3 2 1 

Fig. 6 
i n  DMSO-d6 a t  6OoC (a)  normal spectrum; 
(b) same, increased amplitude. 

500 MHz IH-NMR spectra of PVA 



2144 COMMISSION ON POLYMER CHARACTERIZATION AND PROPERTIES 

These  s p e c t r a  ( F i g .  5 and 6 )  r e v e a l e d  a pH-dependent e q u i l i b r i u m  

Among v a r i o u s  k i n d s  of end  g r o u p s  formed by t h e  c h a i n  t r a n s f e r  r e a c t i o n s  t o  
monomer or polymer ,  one  of t h e  end  g r o u p s  was found t o  e x i s t  i n  t h e  y- 
l a c t o n e  form unde r  t h e  a c i d i c  c o n d i t i o n ,  w h i l e  i n  t h e  c a r b o x y l i c  a c i d  sodium 
s a l t  form unde r  t h e  a l k a l i n e  c o n d i t i o n .  No f r e e  c a r b o x y l i c  a c i d  g roup  was 
d e t e c t e d .  The c o n c e n t r a t i o n  of t h e s e  end g roups  depends  on t h e  d e g r e e  of 
s a p o n i f i c a t i o n  o f  PVA u s e d .  With i n c r e a s i n g  d e g r e e  of s a p o n i f i c a t i o n ,  t h e  
c o n c e n t r a t i o n  of open form i n c r e a s e s .  The c o n c e n t r a t i o n s  of t h e s e  end g roups  
i n  PVA-A and -C,  hav ing  t h e  d e g r e e s  of s a p o n i f i c a t i o n  of 98 .50  and 99 .90  
mol% r e s p e c t i v e l y ,  were as f o l l o w s : 0 . 0 2 1  and - 0  mol% y - l a c t o n e  form,  and 
0 .018  and 0 .040  mol%, c a r b o x y l i c  a c i d  sodium s a l t  r e s p e c t i v e l y ,  f o r  PVA-A 
and C .  

SHORT BRANCHES 
Although a number o f  w o r k s ( r e f . 1 5 - 1 7 )  
showed t h a t  small  amountsof s h o r t  b ranch  
e x i s t e d  i n  PVA,the NMR s i g n a l s  of p r o t o n  
o r  ca rbon  atoms a t  or n e a r  t h e  b ranch  
p o i n t s  or t h e  c h a i n  e n d s  have  n e v e r  been 
d i r e c t l y  o b s e r v e d .  I n  F i g .  7 ,  expanded 
125MHz 13C-NMR spec t rum o f  PVA-B i n  D20 
a t  80°C i s  d e p i c t e d ,  showing o n l y  termi- 
n a l  methylene  r e s o n a n c e s  i n  -CHZOH. Two 
k i n d s  of s m a l l  s i g n a l s  were obse rved  a t  
61 .33  and 61 .42  ppm as shown i n  t h e  
f i g u r e .  These  peaks  a r e  a s s i g n e d  t o  t h e  
methylene  ca rbon  atom of t h e  -CH20H 
group i n  t h e  main-cha in  end .  The methyl -  
ene  ca rbon  atom r e s o n a n c e s  are s p l i t  
i n t o  two p e a k s  which are a t t r i b u t a b l e  t o  
t h e  c o n f i g u r a t i o n a l  e f f e c t  of n e a r  
t e r m i n a l  g r o u p s ,  t h a t  is random d i a d  
t a c t i c i t y .  The peak  a t  61 .42  ppm is 
f u r t h e r  s p l i t  i n t o  two p e a k s  due t o  
t r i a d  t a c t i c i t y .  V i s i b l e  i n  F i g .  7 are 
two weak peaks  a t  61 .30  and 61.24ppm 
which are r e sonanced  a t  h i g h e r  f i e l d  
t h a n  t h a t  o f  t h e  main-cha in  end  by abou t  
0 . lppm.  For  t h e  a s s ignmen t  of t h e s e  weak 
p e a k s ,  t h e  1% chemica l  s h i f t  a d d i t i v i t y  
f a c t o r s  ( r e f . 1 8 )  were d e r i v e d  from d a t a  
f o r  a number of p r imary  and secondary  
a l c o h o l s .  These  a d d i t i v i t y  f a c t o r s  were 
u s e d  t o  p r e d i c t  13C-chemical s h i f t s  o f  
t h e  p a r e n t  a l k a n e  s t r u c t u r e ,  which are 
c a l c u l a t e d  bv u s i n g  t h e  Lindeman and 
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F i g .  7 
spectrum of PVA-B in D20 at 8OoC, 
showing only terminal methylene 
resonances. 

Expanded 125 MHz 13C-NMR 

Adams e m p i r i c a l  f o r m u l a ( r e f . 1 9 ) .  
On t h e  b a s i s "  of a- b a c k - b i t i n g  mechanism p roposed  by R o e d e l ( r e f  . 2 0 ) ,  t h e  
s h o r t  b r a n c h  i n  PVA may t a k e  e i t h e r  of t h e  f o l l o w i n g  model s t r u c t u r e s d e s i g -  
n a t e d  by B 1  or B2. 

4 4 . 4  5 6 . 5  4 8 . 7  6 6 . 4  41 .9  59 .0  
7 5 . 0  C(OH)-CH2-CH2-OH 7 5 . 6  C(OH)-CH2-CH-CH2-CH2-OH 

OH I I 
I B 1  I B2 

The s t r u c t u r e  of B1 c o r r e s p o n d s  t o  a monomer u n i t  of v i n y l  a l c o h o l ,  w h i l e  
t h e  s t r u c t u r e  B2 i s  two monomer u n i t s .  By compar ison  o f  t h e  chemica l  
s h i f t  v a l u e s  w i t h  t h o s e  of t h e  model compounds, t h e  s i g n a l s  a t  61 .30  and 
61.24ppm are a s s i g n e d  t o  t h e  u l t i m a t e  ca rbon  atom i n  t h e  end g roups  i n  model 
B2, and t h e  two peaks  a l s o  coming from e s s e n t i a l l y  d i a d  t a c t i c i t y .  We 
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c a l c u l a t e d  t h a t  PVA-A, -B and  -C had  a b o u t  0 .000,  0 . 0 2 7  and  0 .013  B2 
endgroups/100 r e p e a t  u n i t s ,  r e s p e c t i v e l y .  I t  may be  s a i d  t h a t  t h e  concen- 
t r a t i o n  o f  s h o r t  b r a n c h e s  i n  PVA depends  on t h e  c o n v e r s i o n  i n  V A c  po lymer i -  
z a t i o n  r e a c t i o n .  

POLYENE STRUCTURE 
Trea tmen t  of  PVA w i t h  h e a t  r e s u l t s  i n  t h e  7- 

Consequen t ly  PVA i s  c o l o r e d  y e l l o w .  The 
c o n j u g a t e d  p o l y e n e  s t r u c t u r e  h a s  u s u a l l y  
been  s t u d i e d  by UV s p e c t r u m ( r e f . 2 1 ) .  2D- 
NMR e x p e r i m e n t s  were pe r fo rmed  on t h e  
sample  w i t h  t h e r m a l  t r e a t m e n t  t o  d e t e r m i n e  
t h e  p o l y e n e  f i n e  s t r u c t u r e .  The 500MHz 1 H -  
NMR s p e c t r u m  of  PVA-F t r e a t e d  w i t h  h e a t  a t  
15OoC f o r  4 h i n  a i r  a tmosphe re  d i s -  
s o l v e d  i n  DMSO-d6 i s  shown i n  F i g .  8 .  Ob- 
s e r v e d  r e s o n a n c e s  i n  t h e  r e g i o n  6.0-7.3ppm 
can  b e  a s s i g n e d  t o  t h e  p o l y e n e  s t r u c t u r e .  
S i n c e  t h e s e  s i g n a l s  were v e r y  s m a l l ,  t h e  
p a r t l y  expanded s p e c t r a  i s  a l s o  shown i n  F i g ,  8 500 MHz IH-NMR spectra of PVA-F 
F i g .  9 .  These  r e s o n a n c e s  a r e  e x t r e m e l y  treated with hea t  (1500c ~4 h )  in air 
complex due t o  t h e  o c c u r r e n c e  o f  r e s o n a n c e  
l i n e s  c o r r e s p o n d i n g  t o  many d i f f e r e n t  
l e n g t h s  of  c o n j u g a t e d  bonds  sequence  i n  a 
s m a l l  chemica l  s h i f t  o f  t h e  s p e c t r a .  I n  
s p i t e  of  t h i s  c o m p l e x i t y , s e v e r a l  c o n j u g a t e d  sequence  a s s i g n m e n t s  can  b e  made 
unambiguous ly  t h r o u g h  a p p l i c a t i o n  of  COSY. COSY g i v e s  c o r r e l a t i o n  maps 
showing t h e  c o n n e c t i v i t y  of  s p i n - s p i n  c o u p l e d  p r o t o n s .  COSY s p e c t r a  w i l l  
t h u s  g i v e  i n f o r m a t i o n  on t h e  c o n n e c t i v i t y  of  p r o t o n s  w i t h  s c a l a r  c o u p l i n g  
a l o n g  t h e  c o n j u g a t e d  bonds .  F i g . 1 0  shows t h e  500MHz COSY s p e c t r u m  of  PVA-F 
a t  8OoC d i s s o l v e d  i n  DMSO-d6. The F2 a x i s ( h o r i z o n t a 1 )  r e p r e s e n t s  t h e  1H-NMR 
s p e c t r u m  o f  PVA as shown i n  F i g . 1 0 .  I n  t h e  c a s e  of  t r i e n e ( ~ = 3 ) ,  i n  which 
i n d i c R t e s  t h e  c o n j u g a t i o n  sequence  o f  -(CH=CH)3-, s t a r t i n g  from t h e  H - 1  
s i g n a l  a t  6.08ppm, a u n i q u e  t r a n s v e r s e  c o n n e c t i v i t y  w i t h  H-2 a t  7.21ppm is  
t h e n  p o s s i b l e .  Hence H-2 is c o r r e l a t e d  w i t h  H-3. From H-3 o n ,  t h e  same 
mechanism r e v e a l s  c o n n e c t i v i t i e s  w i t h  H-4, H-5 and H-6. F i g . 1 0  a l s o  showed 
o t h e r  k i n d s  o f  c o n n e c t i v i t i e s  w i t h  monoene(E=l)  and  d i e n e ( ~ = 2 )  s t r u c t u r e s .  

f o r m a t i o n  of  c o n j u g a t e d  p o l y e n e  s t r u c t u r e s .  -CHP-CH- 

HOC-(-CH-CH-).-CH~CH- 

atmosphere in DMSO-d6 a t  6 0 0 ~ .  

0 

0 F 

, , .- 
7 . 5  7 . 0  6 . 5  6 . 0  

Fig. 9 The o l e f i n i c  r e g i o n  of t h e  
IH-NMR s p e c t r a  of PVA-F t r e a t e d  w i t h  
h e a t  i n  DMSO-db a t  6OoC (A) 15OoC *4 h 
i n  a i r ;  ( B )  15OoC *4 h i n  vacuum. 

F ig .  10 
PVA-F t r e a t e d  w i t h  hea t ( l50 'C *4 h )  i n  
vacuum atmosphere i n  DMSO-db a t  6OoC. 

500 MHz IH COSY s p e c t r a  of 
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From analyzing the 2-D COSY spectrum, we found that three kinds of conju- 
gated sequences were contained in the polymer. 500MHz 1D 1H-NMR spectrum 
was utilized in the quantitative analysis of PVA-F treated with heat. 
The concentration of E-polyenes; -(CH=CH)_n was as follows: monoene(n=l), 
0.137mo1%; diene(g=2), 0.083mol%; triene(_n=3), less than O.Olmol%. 
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