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MACROMOLECULAR REPORTS, A28(SUPPL. l), 59-65 (1991) 

P O ~ T I O N  OF W P T  COPOLYMERS OF C0KPI;E;x STRUCTURE: IN 
TEE I X ~ R P O T I O N  08 ACRYLONITRILE WITH POLYVINYUCE!FA- 

TE ACTIVA!JBD WITH n-BUTn; LI'PHIUM 

I. I,. Artamonova, I. A. Baranovskaya , S. I. g len in  
& B.L,Erussalimsky 

Ins t i t u t e  foE High Molecular Weight Comgounds of t he  
Academy of Sciences of the USSX, Bolshoi Prospect 31, 

Leningrad W-4,  USSR 

ABSTUCT 
The polymerisation of a c r y l o n i t r i l e  (AN)  by polgvinyl- 
a c e t a t e  (PVA) a c t i v a t e d  w i t h  n-BuLi resu l t s  i n  fomna- 
t i o n  of complex graf t  copolymers. Their molecular pa- 
rameters  auggest the p a r t i c i p a t i o n  of the  g r a f t e d  AN 
growing chains formed i n  the first s t age  of the over- 
a l l  process  in the  secondary r eac t ions .  

The products  of g r a f t i n g  of AN onto PVA have a very 
modest p l ace  i n  the vast l i t e r a t u r e  concerning g r a f t  
copolgmere. The correspondiag data are r e s t r i c t e d  t o  
our  r e c e n t  r e s u l t s  obtained by the  uae of PVA ac t iva-  

1 ted with n-BuLi as an i n i t i a t o r  of BM polymerisation. 
The condi t ions  used i n  ref.' have led t o  the forma- 
t i o n  of considerable  par t  of i n so lub le  f r a c t i o n  (up 
t o  20%) and t o  a broad MWP of the f r a c t i o n s  Bobb le  
i n  DMF <$/% 10-45). These e f f e c t s  could be ascri- 
bed t o  the high %-values of t he  i n i t i a l  backbone 
polgmers (5*105 and 8010~). They could f avor  t h e  
parallel  secondary i n t r a -  and iatermoleculecc reac4i-  

XITP&ODUCTION 

59 

Copyright 0 1991 by Marcel Dekker, Inc 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



60 ARTAMONOVA ET AL. 

ons of the growing chains. The existence of' the se- 
cond type of these react ions i s  confirmed by the mo- 

4 l ecu lar  parameters of the synthetisized copolymers . 
It seemed possible t o  obtain the products of hi- 
gher uniformity and t o  avoid the formation of inso- 
l u b l e  f rac t ions  b y  using act ivated yolymers (PVA*) and 
oligomers (OVA*) of l o w e r  molecular weights. Acoording- 
ly, we carr ied out similar syntheses using PVA and OVA 
with B$;;values of 4010~ and 2-103, respectively. It3 the 
former case the content  of the soluble f r a c t i o n s  incre- 
ased t o  ca 9%. In the l a h e r  ca6e completely soluble 
coyolymers were obtained w i t h  the MJB$-value near t o  3.  
These cogolymers were charactsrieed by a sharp discre- 
pancy between t h e i r  composition and the I;a-veluetp. In 
p a r t i c u l a r ,  for a copolymer containing 25% All, t h i s  va- 

than could be foreseen f o r  the above mentioned compo- 
si tion. 

I n  the present work we t r y  t o  in te rpre te  the mecha- 
nism of react ions resuonsible f o r  this non-trivial  re- 
s u l  t . 

fue was near to 5-10 5 , which was ca 100 times higher 

UWIALS 
Oligovinylacetate (OVA) was obtained u s i n g  bencoyl 
peroxide as  i n i t i a t o r  and methyl e thyl  ketone as sol- 
vent a t  70°C. AN and DMF were dried over (2% and di- 
s t i l l e d  d i rec t ly  before use. THF was dried with Na-K- 
alloy. 

The  act ivat ion of ETA and OVA was carr ied ou0 i n  THF 
by n-BuLi under argon a t  -3OOC; other conditions see 
i n  Table ?. After activation DMP was added t o  the re- 
action mixture, TKF was evaporated and AN was i n t r o -  
duced i n t o  t h i s  system at the same temgereture. The 
resu l t ing  solution was deactivated by DMF, ac id i f i -  

mTHODS 
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PVA (OVA) 
- 

9 s . 7 0  -3 [va-unit] , 
w g  m o l / l  

1.10 300 0.10 
1.13 4.0 0.15 
1.13 40 0*17 
- 2 0.30 
- 2 0.30 

Table 1 

Activat ion of poly- and o l igov ing lace ta t e s  
Solvent  THF', temperature -30°C, r eac t ion  time 1 h 

Ex-p. 
No 

7'' 
2 

3 
4 
5 

[d %' %'**  
lo-6 l o 4  AN, 

ver- t e n t  
sion, % mol / l  min 

0.27 60**) 100 62 0.64 1.80 4.0 

k 

0.15 5 40 19 0.19 4.60 6.0 
0.30 5 100 59 0.55 0.63 3.7 
0.30 5 57 25 0.09 0.54 3.5 
0*60 5 70 46 0.19 0.76 3.5 

I 

[n-BuLi] lo2, 
mol/l  

0.50 
0*75 
0.75 
I .50 
1.50 

Table 2 

Graf t ing condi t ions  and c h a r a c t e r i s t i c s  o f  the  
copolymers. Solvent DUF, temperature -30°C 
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ARTAMONOVA ET AL. 62 

ed with H C 1  and f i l t e r e d .  After the evaporation of 
the solvent,  the residue was dr ied under vac. The AN 
content was estimated by elemental analysis and ref-  
ractometrically. 
The physical measurements were carr ied out i n  DMI? a t  
21OC. Light sca t te r ing  was measured by a Sofica ghoto- 
goniodiffusometer according t o  standart  method , ta- 
king i n t o  account the spec i f ic i ty  of the polymers in- 
vestigated. The sedimentation analysis was car r ied  o u t  
using the MOM-3180 ultracentrifuge (Budapest) a t  a 
ro ta t ion  speed of 45000 rpmg the corresponding calcu- 
l a t i o n s  were performed by the known method . 

2 

3 

R;GSULl?S 
The reaction conditions and t h e i r  r e s u l t s  a re  given in 
Tables I and 2 together w i t h  those from one o f  the ex- 
periments r e l a t e d  t o  ref.’ ( t o  compare the data obtai- 
ned f o r  PVA with various %-values). The complete i n -  
teract ion between the reagents in the activation sta- 
ge was assured by the long storage of the systems be- 
fore  the introduction of AN. For the estimation of the 
molecular parameters of the graf t  copolymers, the so- 
l u t i o n s  f r e e  of microgels were used. Microgels were 
found only i n  the products obtained by the use of 
PVA*. They could be formed because of the content of 
the -CH$HOH- u n i t s  appearing as a consequence of the 
hydrolysis of the LiO-groups of WA* which did not 

7 p a r t i c i p a t e  in the graf t ing  reaction. As shown in , 
the hydrolysated PVA*, ever obtained a t  a h i g h  PvB/ 
n-BuLi r a t i o  i s  ( i n  contrast  t o  PVA) insoluble in 
DME’. T h i s  f a c t  suggests t h a t  the reaction between 
OVA+ and AN (not accompanied by microgel formation) 
proceeds w i t h  complete consungtion of the act ive 
s i t e s  of OVA* in the graf t ing  reaction. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FORMATION OF GRAFT COPOLYMERS 63 

DISCUSSION 
The marked discrepancy between the composition and 

%-values of the g ra f t  copolymers under considera- 
t i o n  (see Table 2 )  must be ascribedl%o some secondary 
reactions leading t o  the formation of ,,multi-graftn 
copolymere. The reactions of the following types seem 
possible$ 

LiO 8% 1% 1% I 1  

P 2  

H-O(AN),Li a CH-O(LLN) -C-0- H - 
1 F 

I cH3 
'i 

(1 ) 
7 

__F_ 

+ CjH-OLi Y2 40 

FH-o(W)n-c\ I1 cH3 

I + I I  - c%? I 
C H - O ( D )  -C-(AN),O- H (2) 

" I  F 
I11 CH3 

t 
SimJ;lar repeated ac ts  mag lead t o  high %-values of 
the copolymers w i t h  the above mentioned comgosition. 
Besides reaction (I) and (2), the participation of 
the ,,twice-grafted" i n i t i a t o r  111 in the formation of 
the AN-growing chains cannot be excluded. It seems 
c l ea r  tha t  interactions (3 )  become especially r e a l  in 
the stage o f  a considerable consumgtion both o f  the 
active s i t e s  of OVA+ and of AN: 

$2 LiO I +.I2 

I11 + mlLN - FH-o(W),-F-(AN>,O-cH (3 
Tv 

1 0 
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ARTAMONOVA ET AL. 64 

This s i tua t ion  favors the f u r t h e r  complication o f  the 
s t ructure  of the copolymers because i n  t h i s  stage the 
VA-units are  present i n  a grea t  excess i n  comparison 

w i t h  Itfree” AN. Under t h i s  condition the reaction bet- 
ween IV-living chains and the backbone chains i s  the 
most probable. Its r e s u l t  r e f l e c t s  the simplified 
s t ructure  Vt - OVA- 

AN 
5 
I 
0 

It must be eDphasiced tha t  the interact ion under con- 
sideration i s  not r e s t r i c t e d  t o  the formation of the 
s t ruc tures  o f  t h i s  type alone. Taking i n t o  account 
e.g. the data of U p .  4 and 5 (Table 2) we can see 
tha t  they do n o t  correspond t o  s t ructure  V; t h i s  
s t ruc ture  could be b a r a c t e r i c e d  by the %-value of 
ca ’15*103. Much higher expreimental %-values o f  the 
synthetized copolymers must be a consequence of many 
repeated a t tacks  o f  multigraf t copolymers V by graf ted 
l i v i n g  chains I. 

Summarising the r e s u l t s  obtained we come back t o  the 
&+@$,-ratios belonging 
high molecular weight backbones (4 500-800*103) and 

mity of the products obtained by the use of OVA* CSD 

be caused by a grea ter  acsess ib i l i ty  of the act ive si- 
t e s  f o r  AN i n  comparison with the s i t u a t i o n  i n  the ca- 
se of PVA*WhfCh is  a complex thermodynamic sys&eu. It 
can also be assumed t h a t  the lower molecular weight of 
the backbone leads t o  a decrease i n  the number of the 
graf ted  chains i n  respect t o  the individual backbone 

t o  g r a f t  copolymers formed on 

on the oligomer chains (% 2.10 3 ). The higher u n i f o r -  
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FORMATION OF GRAFT COPOLYMERS 65 

chain; t h i s  condition rnay favor the formation o f  mac- 
romolecules of higher regular i ty ,  
The g r a f t  copolymers formed on OVA can be considered 
as  compact c o i l s ,  which follows from t h e i r  r3,] -values 
(see Table 2). It i s  a simple conse uence of the de- 
pendence of the molecular s t ruc ture  of the products 
under consideration on t h e i r  branched nature. The 
-values given i n  Table 2 suggest t h a t  DME' i s  a ther- 
modynamically ,,good" solvent f o r  the copolymers in- 
ve s t igated.  

The charac te r i s t ics  of the new systems which have 
not  ye t  been studied make i t  possible t o  ascribe t o  
them the s t ructure  of  three-dimentional quasi-uniform 
network. 

? 
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