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ABS!L’MCT 
The polymerization i n  the system acry loni t r i le  (AX) - 
t r i b u t y l  dimagnesium iodide (TUI) - toluene i n  the pre- 
sence o f  small amounts of 2-vinylpyridine (VP) begins 
with the formation of short  l i v i n g  oligo-blocks of VP 
which induce the polymerization o f  AN, The correspon- 
ding AN-growing chains undergo a pecul iar  deactivation 
consisting i n  the interact ion with the pyridine r ings  
of the VP-oligo-blocks. The repeated a c t s  of t h i s  type 
l e a d  t o  the formation of high molecular weight branched 
copolymers. 

According t o  Krasnoselskaya et .  al.’ , the polymerization 
of AN in toluene with TDI  i n  the presence of c a t a l y t i c  
amounts of VPleads t o  the formation of growing AN- 
chains containing oligo-blocks of VP i n  t h e i r  i n i t i a l  
parts:  BU(VP)~(AN),IVI~I (I). This r e s u l t  was ascribed t o  
the enhanced ac t iv i ty  o f  VP as  an electron donor lea- 
ding t o  the preferable formation of the TD1.W complex- 
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122 KRASNOSELSKAYA ET AL. 

e s  ( in  comparison with the TD1.M complexes) In the 
ear ly  stage of the process. This idea i s  i n  agreement 
with the existence of an induction period i n  the course 
o f  which the slow oligomerization of VP proceeds, The 
polymerization of  AN begins a f t e r  a decrease in the VP- 
concentration up t o  a cer ta in  c r i t i c a l  level .  The inabi- 
l i t y  of the AN-anionic chains t o  r e a c t  with VP (for de- 
t a i l s  see ) excludes the par t ic ipat ion 02 t h i s  monomer 
(a p a r t  of which could remain in the system) in the 
fur ther  process; the small number of VP-units i s  pre- 
sent  en t i re ly  i n  the i n i t i a l  p a r t s  of the chains under 
consideration (see s t ructure  I). 
The propagation reaction i n  t h i s  system i s  accompanied 
by the interact ion of  act ive s i t e s  w i t h  the V 2 - u n i t s  of 
chains I; this  i s  b r i e f l y  shmm below: 

2 

CH-C%w F (iH-CHz^/ 
I 

/N =w3 h/\ 
I +  II I - I 1 (I) 

\N Bu(VP),(AN),i \/ 

N 

This conclusion f o l l o w s  f r o m  the presence o f  dihydropy- 
r id ine  r ings i n  the polymers obtained (established by 
pyrolyt ic  chromatography) . The occurence of reaction 
('I) indicate  i t s  a b i l i t y  t o  compete w i t h  spautaneous 
deactivation which i s  charac te r i s t ic  of anionic AN- 
chains . This pecul iar i ty  l e d  t o  the suggestion about 
the probabi l i ty  of mu1 t i p l e  par t ic ipat ion of individual 
growing chains i n  the a c t s  of type (1). This suggestion 
was confirmed by the molecular parameters o f  the above 
mentioned polgmers estimated in the present investiga- 
t ion . 
Purification3 of the solvents, AN, VP, and the synthe- 
sis of TDI? were car r ied  o u t  according t o  the published 
procedures. The GPC-analysis of the polymers was car- 

'1 

2 
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MOLECULAR STRUCTURE OF BRANCHED POLYMERS 123 

r i e d  out u s i n g  sorbents  o f  the MPG/Ph-L-3 type (macro- 
porous sodium-boron-silica glasses  )5 ;We3 were obtained 
by  t rea t ing  chlorinated IIIPC ( f o r  d e t a i l s  see ) with an 
e ther  solution of phengl lithium. 

6 

METHODS 
The methods of the polymerization, i so la t ion  of the po- 
l y m e r s  and the i r  f u r t h e r  treatement have been described 
previously . High performance exclusion chromatography 
was car r ied  out w i t h  the use of the 1304-M apparatus 
(USSR) with spectrometric and refractometric detectors.  
The chromatographic columns were 30 cm i n  length w i t h  
i n t e r n a l  diameter of 4 cm. MPG-particles were -'lop i n  
size.  Diaethyl formamide (DIUA) a s  eluent w a s  used. The 
GPC-data were processed according t o  %he pr inciple  o f  
Benoit universal cal ibrat ion dependence w i t h  the fo l lo-  
wing  constant values i n  the Mark-Kuhn-Houwink-equation 
K and a f o r  polystyrene (PS) and polyacryloni t r i le  (PAN) 

= l,i13*10-4, aps = 0060, K PAN = 2.33.10 
= 0.75. The system chosen does not  permit an adeq- 

aPAN 6 uate in te rpre ta t ion  of the MW-values of the order 2.10. 
We can only suppose (considering the GPC-data obtained) 
t h a t  the samples beginning from NO2 contain f r a c t i o n s  
w i t h  MW above 4.10 Da; t h e i r  r e l a t i v e  content increa- 
ses  from 10% f o r  sample N O 2  up t o  29"/p f o r  sample N04. 

L ight  sca t te r ing  was measured i n  DNIFA a t  2OoC using 
"Sofica" photogoniodiffusometer according t o  the stan- 

respective %-values were calculated using the Cleland- 
Stockmayer equation . 

1 

-4 , - =PS 

6 

dard method 7 . The[!]-values were estimated i n  DMFA, the 

8 

IiJE4JLIB 
The conditions of polymerization a re  given in Tab.?, 
the molecular parameters of the polymers are shown i n  
Big.? and Tab.2. 
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124 KRASNOSELSKAYA ET AL. 

3.6 
5.5 

37.0 

Table I 
Polymerization o f  acry loni t r i le  i n  toluene by t r i m e t i l  
dimagnesium iodide in the presence of 2-vinyl pyridine 
a t  -75OC. Concentrations: AN 3 moIJ1, TDI  0.01 eul, 

VP 0.05 moUl  

0 
0 

7 

10.0 
4 60.0 

Conversion ,% 

5.0 
19.5 
31.5 
33.0 

Table 2 
Molecular parameters of the polymers 

(owneration corresponds t o  t h a t  i n  Tab.1) 

1 1:-5 N O  

4.00 

GPC-data (see Fi.g.1) 

%I 

I 0-5 
X 

Mg2 

10‘5 
X 

- 
- 
6.0 
7.0 

10.0 

* 
%dd. ’ 
X 

10-5 

014.5 
2.15 
3e80 
8.00 

10-5 10‘~ 4-L 
* >  Madd is the mean value of molecular weight. 

**I + is  the second v i r i a l  coefficient.  
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126 KRASNOSELSKAYA ET AL. 

DISCUSSION 
Among the r e s u l t s  obtained those of  -.No j and 4 are  
especially a t t rac t ive .  They show a remarkable increase 
in the i-values a t  a very small di1ference in conversi- 
on. !Phis phenomenon suggests a high competing a b i l i t y  
of reaction (I) with respect t o  the spontaneous deacti- 
vation of the growing chains. This evidently r e f e r s  t o  
both short  and long chains characterized by the li - 
and 3$2-values, respectively. 

of the lVlWD of the polymers formed a f t e r  the i n i t i a l  pe- 
riod of the process. I n  usual anionic systems, t h i s  
character of 1VlWD can often be ascribed t o  the coexis- 
tence of act ive s i t e s  difr 'ering i n  t h e i r  reac t iv i ty .  I n  
the case under consideration another explanation m u s t  
be a t t racted.  The l o w  VP-content used makes i t  possible 
t o  sugLest t h a t  the x-values ( see  st ructure  I) l i e  
main ly  i n  the region f r o m  3 t o  5. Nevertheless, the 
difference i n  the absolute x-values of  individual cha- 
ins can influence t h e i r  r e l a t i v e  tendency t o  reaction 
(1). The possible consequence of th is  difference can be 
the formation of polymers d i f fe r ing  i n  the '*degree of 
grafting" ad, heace, i n  the polymodality of the  MWD of 
the f i n a l  products. It cannot be ruled o u t  that  the bi- 
modality of samples No 2-4, shown in Fig.1 i s  a simpli- 
f i e d  p ic ture  of the r e a l  s i tua t ion  as the data estima- 
t e d  by GPC a r e  r e s t r i c t e d  t o  the -values not excee- 
ding 2010~ (see METHODS). On the other hand, the s - v a -  
l u e  f o r  sample No 4 was found t o  be 3.1.10 . 

The compwison of the $-values obtained by the GFC and 
l i g h t  sca t te r ing  methods shows a discrepancy between 
t h e i r  resu l t s .  This discrepancy enhances w i t h  conversi- 
on, i.e. with the increase o f  the r e l a t i v e  p a r t  of the 

$1 

L e t  u s  consider the possible causes of khe bimodality 

% 
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MOLECULAR STRUCTURE OF BRANCHED POLYMERS 127 

high molecular weight f r ac t ion  of  the polymers. The ca- 
use o f  t h i s  e f f e c t  i s  the above mentioned r e s t r i c t e d  
estimation a b i l i t y  of the GPC-system used wi th  respect 
t o  the polymers of high M-values. E'or instance,  the high 
molecular weight p a r t  of sample N O 4  ( n o t  taken i n t o  ac- 
count by t h i s  method) was found t o  be approximately l / 3  
o f  the overa l l  y i e l d  o f  the polymer. However, the high 
molecular weight p a r t s  of all the samples s tud ied  a re  
o f  considerable importance f o r  the 1%-values r e su l t i ng  
f r o m  the l i g h t  s ca t t e r ing  method. 

- 

The f o r m a t i o n  of high molecular weight f r ac t ions  of the 
polymers can be caused by repeated a c t s  (1). Their over- 
a l l  r e s u l t  i s  expressed by s i a p l i f i e d  s t ruc tu ra l  var i -  
an t s  I1 and 111; the s o l i d  l i n e s ,  dotted l i n e s ,  the 
signs o and x correspond t o  the AD-chains, oligo-VP- 
blocks, the branching poin ts  and ac t ive  s i t e s ,  respec- 
tivelv - 4 n 

11 
\ -  * -  

The probabi l i ty  of  the Lormation of each of these var i -  
an t s  depends both on the x-values of chains I and on 
t h e i r  conformation which i s  (among other €ac tors )  in- 
fluenced by the number o f  the branching p o i n t s .  

The data given i n  Tab.2 sugkest the preference of the 
formation of "quasi-linear" chains I1 i n  the ear ly  pe- 
r i o d  of polymerization and t h a t  of branched chains I1 
i n  the l a t e r  stage o f  the process. This follows f r o m  a 
r e l a t i v e l y  small difference i n  the Id$- and ibb-values of 
sample N O 2  and a remerkable increase i n  t h i s  difference 

f o r  sample N 0 4 .  

The authors take i n t o  account the inapp l i cab i l i t y  of  
the viscometric data f o r  the calculation of  the Zl-valu- 
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128 KRASNOSELSKAYA ET AL, 

es of branched polymers, The aQplication of the  estima- 
ted hb-values t o  the  case under considerat ion seemed t o  
be of use f o r  the i n t e r p r e t a t i o n  or" the observed effec-  
ts. These va lues  r e f l e c t  the  deviat ion of t he  polymer 
s t r u c t u r e  from the  l i n e a r  type. 

To exclude a posbible  misunderbtanuing, we have t o  em- 
phas ize ,  t h a t  the product  of  r eac t ion  (1) does n o t  i n i -  
t i a t e  the polymerization of AN, A s  sliown before ,  the  
metal  arnides of the  dihydropyridine s e r i e s  a r e  ( i n  con- 
tras-t; t o  the compounds of tne  types R,$Gi and R p L g X )  
pass ive  w i t h  r e spec t  t o  AP3. r-ience, only those py r id i -  
ne r i n g s  which did n o t  p a r t i c i p a t e  i n  r eac t ion  (1) a r e  
respons ib le  f o r  the  Pormation o f  branching. junct ions.  
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