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SUMMARY 

I t  was f o u n d  t h a t  t he  h y d r o g e n  t r a n s f e r  p o l y m e r i z a t i o n  o f  
a c r y l a m i d e  was i n i t i a t e d  by l i t h i u m  p h e n o l a t e ( O L i )  g roup  on t he  
c a r b o n  b l a c k ,  w h i c h  was i n t r o d u c e d  by the  r e a c t i o n  o f  oxygen  
c o n t a i n i n g  g roup  on t he  c a r b o n  b l a c k  w i t h  n - b u t y l l i t h i u m ,  and 
t h a t  p o l y - 8 - a l a n i n e ( N y l o n  3) was e f f e c t i v e l y  g r a f t e d  o n t o  c a r -  
bon b l a c k  s u r f a c e :  t he  g r a f t i n g  r a t i o  a t  80~ i n c r e a s e d  to  115% 
w i t h  an i n c r e a s e  i n  c o n v e r s i o n .  The g r a f t e d  p o l y m e r  was 
c o n s i d e r e d  t o  be p r o p a g a t e d  f rom OLi  g roup  on t he  s u r f a c e .  F u r -  
t h e r m o r e ,  t he  r a t i o  o f  h y d r o g e n  t r a n s f e r  p o l y m e r i z a t i o n  t o  
v i n y l  p o l y m e r i z a t i o n  ( T - r a t i o )  i n c r e a s e d  w i t h  an i n c r e a s e  o f  
p o l y m e r i z a t i o n  t e m p e r a t u r e .  

INTRODUCTION 

I n  a p r e v i o u s  p a p e r ,  we have r e p o r t e d  t h a t  d u r i n g  t he  
h y d r o g e n  t r a n s f e r  p o l y m e r i z a t i o n  o f  a c r y l a m i d e ( A A m )  c a t a l y z e d  
by n - b u t y l l i t h i u m ( B u L i )  i n  t he  p r e s e n c e  o f  c a r b o n  b l a c k ,  p o l y -  
8 - a l a n i n e ( N y l o n  3) was g r a f t e d  o n t o  c a r b o n  b l a c k  ( 1 ) .  I t  was 
c o n s i d e r e d  t h a t  t he  g r a f t i n g  o n t o  c a r b o n  b l a c k  was based on the  
t e r m i n a t i o n  o f  g r o w i n g  p o l y m e r  a n i o n  w i t h  q u i n o n i e  oxygen  g roup  
and t he  p r o p a g a t i o n  o f  t h e  p o l y m e r  f r om l i t h i u m  p h e n o l a t e  ( O L i )  
g roup  w h i c h  fo rmed  by a c h a i n  t r a n s f e r  r e a c t i o n  o f  t he  g row-  
i n g  p o l y m e r  a n i o n  to  p h e n o l i c  h y d r o x y l  g roup  ( 1 ) .  

On t he  o t h e r  hand ,  P a p i r e r  and h i s  c o w o r k e r s  have r e p o r t e d  
t h a t  BuLL r e a c t s  w i t h  oxygen  c o n t a i n i n g  g roup  p r e s e n t  on the  
ea rbon  b l a c k  s u r f a c e  to  g i v e  OLi  g r o u p ( c a r b o n  b l a c k - B u L L  com- 
p l e x ) ( 2 ) .  I n  a d d i t i o n ,  O h k i t a  e t  a l .  have d e s c r i b e d  t h a t  OLi  
g roup  has an a b i l i t y  to  c a t a l y z e  t he  a n i o n i c  p o l y m e r i z a t i o n  
o f  m e t h y l  m e t h a c r y l a t e  and a c r y l o n i t r i l e  ( 3 ) .  

I n  t h i s  p a p e r ,  t he  h y d r o g e n  t r a n s f e r  p o l y m e r i z a t i o n  o f  AAm 
c a t a l y z e d  by OLi  g roup  on the  c a r b o n  b l a c k  s u r f a c e ,  w h i c h  was 
i n t r o d u c e d  by the  r e a c t i o n  o f  oxygen  c o n t a i n i n g  g roup  on the  
ea rbon  b l a c k  w i t h  BULL, was c a r r i e d  ou t  and the  g r a f t i n g  o f  
p o l y - B - a l a n i n e  f rom ca rbon  b l a c k  was i n v e s t i g a t e d .  

CB-OLi  + n CH2=CH ~ CB-O ( CH2CH2CONH ) 
I n 
CONH2 

P o l y - 8 - a l a n i n e  g r a f t e d  
c a r b o n  b l a c k  
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EXPERIMENTAL 

Materials 

The c a r b o n  b l a c k  used was c o l o r  c h a n n e l  b l a c k  N e o s p e c t r a  I I  
( C o l u m b i a n  Carbon Co , ,  U . S . A . ,  906 ma/g)  and t he  c o n t e n t s  o f  
p h e n o l i c  h y d r o x y l ,  q u i n o n i c  o x y g e n ,  and c a r b o x y l  g roup  were de-  
t e r m i n e d  t o  be 0 . 2 4 ,  0 . 9 2 ,  and 0 . 4 0  m e q u i v . / g ,  r e s p e c t i v e l y .  

The p u r i f i c a t i o n s  o f  AAm and d i o x a n e  were p e r f o r m e d  as 
p r e v i o u s l y  d e s c r i b e d  i n  d e t a i l  ( 1 ) .  

n - B u t y l l i t h i u m ( a b o u t  15% i n  hexane )  o b t a i n e d  f rom Wako Pure 
C h e m i c a l  I n d .  L t d .  ( J a p a n )  was 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 content of BuLl was determined by titration (4,5) 
before use. 

Pretreatment (Preparation of Carbon Black Containing OLi Group) 
and Polymerization Procedures 

Into a i00 ml teardrop-type f lask that contained 0.30g of 
vacuum-dried carbon black and 5.0 ml of dioxane, 0.56 mmol of 
B u L i ( h e x a n e  s o l u t i o n )  was a d d e d  u n d e r  d r y  n i t r o g e n .  The m i x -  
t u r e  was s t i r r e d  w i t h  a m a g n e t i c  s t i r r e r  a t  30~ f o r  i h .  

S u b s e q u e n t l y ,  1 5 . 0  ml o f  d i o x a n e  s o l u t i o n  o f  AAm ( 1 . 8 8  
m o l / 1 )  and O.01g o f  N - p h e n y l - ~ - n a p h t h y l a m i n e  (as an i n h i b i t o r  
o f  r a d i c a l  p o l y m e r i z a t i o n  o f  AAm) were added to  t he  m i x t u r e  and 
the hydrogen t r ans f e r  polymerization was conducted with s t i r r i n g  
at 80-120uC. After a d e f i n i t e  time, the content of the f lask  
was poured into a large excess of methanol containing a few 
percent of d i l u t e  so lu t ion  of HCI. 

O t h e r s  

The determinations of conversion, graf t ing  r a t i o ,  g ra f t ing  
e f f i c i e n c y ,  reduced v i scos i ty  of ungrafted polymer, and the 
r a t i o  of hydrogen t r ans f e r  polymerization to vinyl  polymeriza- 
t ion ( T - r a t i o )  we re  c a r r i e d  o u t  as  p r e v i o u s l y  d e s c r i b e d  i n  
d e t a i l  ( i ) .  

RESULTS AND DISCUSSION 

In t roduct ion  of OLi Croup onto Carbon Black 

I t  has been reported that  oxygen containing groups (quino- 
nic oxygen, phenolic hydroxyl, and carboxyl group) on the car-  
bon black surface react  with BuLl to give OLi group (2). Ohkita 
et a l .  described that  OLi group (carbon black-BuLl complex) 
introduced by the react ion of carbon black with BuLi has an 
a b i l i t y  to i n i t i a t e  the anionic polymerization of vinyl  monomers 
such as methyl methacrylate and a c r y l o n i t r i l e  (3). 

In order to find the proper condit ions of pretreatment for 
the in t roduc t ion  of OLi group onto carbon black, by use of 0.30g 
of Neospectra I I  pretreated with various amounts of BuLi, the 
polymerization of AAm was carr ied out at  80~ and the i n i t i a t i n g  
a b i l i t y  of pretreated Neospectra I I  was examined. 

The r e s u l t  i s  shown i n  F i g u r e  I .  As shown i n  F i g u r e  I ,  
t he  p o l y m e r i z a t i o n  was n o t  i n d u c e d  when the  amount  o f  BuL i  used 
f o r  t he  p r e t r e a t m e n t  i s  l e s s  t h a n  0 .55  mmol. 

The amount  o f  oxygen  c o n t a i n i n g  g roup  on 0 . 3 0 g  o f  Neospec -  
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F i g u r e  1.  E f f e c t  o f  t he  amount  
o f  BuL i  on t he  p r e t r e a t m e n t  o f  
c a r b o n  b l a c k  

Pretreatment : Neospectra I I ,  
0.30g; dioxane, 5.0 ml; 30~ 
1 h. 

P o l y m e r i z a t i o n :  d i o x a n e  s o l u -  
t i o n  o f  AAm ( 1 . 8 8  m o l / 1 ) ,  15 .0  
m l ;  N - p h e n y l - B - n a p h t h y l a m i n e ,  
O . O l g ;  80~ 5 h.  

2.5 

v 

0 

0 

0 
0 

100 

804 

60 

40 

20 

~ - 0 - ~  O" 

0 I I I 
0 20 40 60 

P r e t r e a t m e n t  t i m e ( m i n )  

F i g u r e  2.  E f f e c t  o f  p r e -  
t r e a t m e n t  t i m e  on t he  h y d r o g e n  
t r a n s f e r  p o l y m e r i z a t i o n  o f  AAm 

P r e t r e a t m e n t :  N e o s p e o t r a  I I ,  
O .30g ;  B u L i ; O . 5 6  m m o l ; d i o x a n e ,  
5.0 ml ;  30~ 

P o l y m e r i z a t i o n :  d i o x a n e  s o l u -  
t i o n  o f  AAm (1~;88 me l / l ) ,  1 5 . 0  
ml ;  N-phenyl~B-naphthylamine ,  
O.Olg; 80~ h. 

t r a  l l  i s  a l m o s t  e q u i v a l e n t  t o  0 . 5 6  mmol o f  B u L l .  A c c o r d i n g l y ,  
i t  seems t h a t  be low t he  e q u i v a l e n t  p o i n t  t h e  a n i o n i c  p o l y m e r i -  
z a t i o n  o f  AAm was a l m o s t  c o m p l e t e l y  i n h i b i t e d  ow ing  to  t he  
a c i d i c  n a t u r e  o f  t he  c a r b o n  b l a c k :  pH o f  N e o s p e e t r a  I I  b e i n g  
3 . 0 .  

On the  o t h e r  hand ,  above the  e q u i v a l e n t  p o i n t  t he  p o l y m e r -  
i z a t i o n  i s  c o n s i d e r e d  to  be i n i t i a t e d  b o t h  by OLi  g roup  fo rmed  
by t he  p r e t r e a t m e n t  and by f r e e  B u L l .  T h e r e f o r e ,  i t  can be 
c o n c l u d e d  t h a t  when 0 . 3 0 g  o f  N e o s p e e t r a  I I  was p r e t r e a t e d  w i t h  
0 . 5 6  mmol o f  B u L i ,  t h e  h y d r o g e n  t r a n s f e r  p o l y m e r i z a t i o n  i s  i n i -  
t i a t e d  by OLi  g roup  o n l y .  

E f f e c t  o f  P r e t r e a t m e n t  Time on t he  P o l y m e r i z a t i o n  

F i g u r e  2 shows t he  e f f e c t  o f  t he  p r e t r e a t m e n t  t i m e  o f  Nee- 
s p e c t r a  1 1 ( 0 . 3 0 g )  w i t h  B u L l ( O . 5 6  mmol) on t he  h y d r o g e n  t r a n s f e r  
p o l y m e r i z a t i o n  o f  AAm. The r e s u l t  i n d i c a t e s  t h a t  t h e  r e a c t i o n  
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Figure 3. Hydrogen t rans fe r  
polymer izat ion of AAm i n i t i -  
ated by OLi group on the car- 
bon black at 80~ 

Pretreatment: Neospectra I I ,  
0.30g; BuLi,O.56 mmol;dioxane, 
5.0 ml; 30~ 1 h. 

Polymer izat ion:  dioxane so lu-  
t ion  of AAm (1.88 mol/1) ,  15.0 
ml; N-phenyl-B-naphthylamine, 
O.01g. 

(�9 initiated by OLi group; 
( 0 ) ,  i n i t i a t e d  by BuLl in the 
absence of carbon black. 
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Figure 4. Hydrogen t r ans fe r  
polymer izat ion of AAm i n i t i -  
ated by OLi group on the car- 
bon black at lO0~ 

Polymerizat ion condi t ions are 
g iven in F igure  3. 

( � 9  i n i t i a t e d  by OLi group;  
( 0 ) ,  i n i t i a t e d  by BuLl in the 
absence of carbon black.  

of oxygen conta in ing  group on the carbon black wi th BuLi is  
very rap id .  From the r e s u l t  shown in Figure 2, i t  is  concluded 
that  one hour is  enough fo r  the i n t r oduc t i on  of OLi group onto 
carbon black surface.  

Hydrogen Transfer Polymer izat ion of AAm I n i t i a t e d  by OLi Group 
on the Carbon Black 

The hydrogen t rans fe r  po lymer izat ion of AAm i n i t i a t e d  by 
OLi group introduced by the pretreatment of carbon blaek wi th 
BuLi was car r ied  out at 80 and 100~ The resu l t s  are shown in 
Figures 3 and 4. 

Figures 3 and 4 c l e a r l y  show that  OLi group has an a b i l i t y  
to i n i t i a t e  the hydrogen t rans fe r  po lymer izat ion of AAm. The 
conversion of AAm i n i t i a t e d  by OLi group was found to be la rger  
than that  catalyzed by BuLi. 

Proof of Gra f t ing  onto Carbon Black 

The carbon black obtained from the hydrogen t rans fe r  po l -  
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Figure 5. Relationship 
between conversion and 
grafting rat io(graft ing 
efficiency) at 80~ 

Polymerization condi- 
tions are given in Fig- 
u r e  3, 

F i g u r e  6.  R e l a t i o n s h i p  
b e t w e e n  c o n v e r s i o n  and 
g r a f t i n g  r a t i o ( g r a f t i n g  
e f f i c i e n c y )  a t  100~ 

P o l y m e r i z a t i o n  e o n d i -  
t i o n s  a re  g i v e n  i n  F i g -  
u r e  3.  

y m e r i z a t i o n  gave a s t a b l e  c o l l o i d a l  d i s p e r s i o n  i n  w a t e r ,  N,N-  
d i m e t h y l f o r m a m i d e ,  and f o r m i c  a c i d .  The phenomenon s u g g e s t s  
t h a t  p o l y - B - a l a n i n e  i s  g r a f t e d  o n t o  c a r b o n  b l a c k .  

To e n s u r e  t he  g r a f t i n g  o f  p o l y m e r  o n t o  c a r b o n  b l a c k ,  t he  
g r a f t i n g  r a t i o  a t  80 and a t  lO0~ was d e t e r m i n e d .  F i g u r e s  5 
and 6 show the  r e l a t i o n s h i p  be tween  g r a f t i n g  r a t i o ( g r a f t i n g  
e f f i c i e n c y )  and c o n v e r s i o n .  

The g r a f t i n g  r a t i o  a t  80~ i n c r e a s e d  to  115% w i t h  an i n -  
c r e a s e  i n  c o n v e r s i o n .  The v a l u e s  o f  t he  g r a f t i n g  r a t i o  a t  b o t h  
80~ and 100~ was h i g h e r  t h a n  t h o s e  o b t a i n e d  f r om  t he  h y d r o g e n  
t r a n s f e r  p o l y m e r i z a t i o n  o f  AAm i n i t i a t e d  by BuL i  i n  t he  p r e s e n c e  
o f  N e o s p e c t r a  I I  ( I ) .  I n  a d d i t i o n ,  t he  g r a f t i n g  e f f i e i e n e y  was 
v e r y  h i g h  d u r i n g  t he  f i r s t  few p e r c e n t s  o f  c o n v e r s i o n  b u t  i t  
d e c r e a s e d  w i t h  an i n c r e a s e  i n  c o n v e r s i o n .  The r e s u l t  s u g g e s t s  
t h a t  t he  g r a f t e d  p o l y m e r  i s  p r o p a g a t e d  f r om  OLi  g roup  on t he  
s u r f a c e  o f  c a r b o n  b l a c k  and t h a t  t he  u n g r a f t e d  p o l y m e r  i s  g r a d -  
u a l l y  f o rmed  by a c h a i n  t r a n s f e r  r e a c t i o n  o f  t he  g r o w i n g  p o l -  
ymer a n i o n  to  t h e  monomer ( 6 ) .  
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Figure 7. Effect of poly- 
merization temperature on 
T-rat io of ungrafted poly- 
mer 

Polymerization conditions 
are g iven  in  F igu re  3. 

( 0 ) ,  i n i t i a t e d  by OLi group;  
( 0 ) ,  i n i t i a t e d  by BuLi in  
the absence of  c a r b o n b l a c k .  

Figure 8. Relationship be- 
tween conve rs i on  and r e -  
duced v i s c o s i t y  of  un- 
g r a f t e d  po lymer  ob ta ined  
f rom the hydrogen t r a n s f e r  
p o l y m e r i z a t i o n  i n i t i a t e d  by 
OLi group a t  100~ 

P o l y m e r i z a t i o n  c o n d i t i o n s  
are  g iven  in  F i gu re  3. 

qsp/O: 0.9% aqueous s o l u -  

t i o n ;  30,0~ 

Furthermore, the graf t ing ra t io  at lO0~ was lower than 
that of at 80~ This may be explained that the increasing 
temperature increases in the rate of the chain transfer reac- 
t ion,  and then causes a decrease in the graf t ing ra t i o .  

T-rat io  of Ungrafted Polymer 

The carbon black obtained from the hydrogen transfer pol- 
ymerization and ungrafted polymer were hydrolyzed by H2S04. 
These hydrolysis products show posi t ive ninhydrin test .  There- 
fore, i t  is eoncluded that the polymer grafted onto carbon black 
and ungrafted polymer consist of poly-6-alanine (7,8).  

I t  has been reported that the polymer obtained from the 
hydrogen transfer polymerization of AAm by a conventional an- 
ionic cata lys t  contains both hydrogen transfer (poly-6-alanine) 
and v iny l  structure (polyacrylamide) in one polymer chain (7). 

Therefore, the ra t io  of hydrogen transfer polymerization, 
that is T- ra t io ,  was determined by IR spectra according to the 
method of Nakayama et a l .  (7). 

F igu re  7 shows the r e l a t i o n s h i p  between T - r a t i o  and p o l y -  
m e r i z a t i o n  t e m p e r a t u r e ,  I t  i s  found t h a t  T - r a t i o  of  the un- 
g r a f t e d  po lymer  i nc reased  w i t h  an i n c r e a s e  in  p o l y m e r i z a t i o n  
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temperature. Furthermore, no difference in T-rat io  of the un- 
grafted polymer between OLi group- and BuL i - in i t i a ted  hydrogen 
transfer polymerizations can be observed. 

Reduced Viscosity of Ungrafted Polymer 

The reduced v iscos i ty  of ungrafted polymer obtained from 
the polymerization was determined. The resul t  is shown in 
Figure 8. As shown in Figure 8, the reduced v iscos i ty  in- 
creased to 0.11 dl /g (N20; 30.0~ with an increase in conver- 
sion. The value of the reduced v iscos i ty  is somewhat higher 
than that obtained from the hydrogen transfer polymerization of 
AAm i n i t i a t e d  by BuLi in the presence of carbon black ( i ) .  
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