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SUMMARY 

Acryloni t r i le  was  po lymer i zed  by an inser t ion  process on being 
a d d e d  to so lu t ions  con ta in ing  the  a d d u c t  of the  r e a c t i o n  of 
t e t r a k i s ( d i m e t h y l a m i n o )  t i t an ium ( T 4 ) a n d  azob i s i sobu tyron i t r i l e  
(AIBN) .The ob ta ined  azo- l inked polyacry loni t r i l e  has appropr ia te  
ini t iat ing func t iona l i ty  for a subsequen t  v iny l  polymerizat ion.  

INTRODUCTION 

In recen t  years ,  there  has been  growing in te res t  in the synthes is  
of novel  mater ia ls  wi th  specific propert ies.Block copolymers  which  
p rov ide  a c o m b i n a t i o n  of the phys ica l  p rope r t i e s  are the  most  
s u i t a b l e  m a t e r i a l s  fo r  v a r i o u s  p u r p o s e s . T h e  s y n t h e s i s ,  
charac te r iza t ion  and proper t ies  of block copolymers  have  r ecen t ly  
been  r e v i e w e d  by severa l  au thor s  I-3. T r a n s f o r m a t i o n  reac t ions  
e x t e n d  the  range  of possible m o n o m e r  combina t ions  in block 
copolymers3.These  methods  genera l ly  involve a two-s tep  procedure  
in which  t h e r m o  or photolabi le  po lymer  is p r epa red  by one mode 
and t h e n  p rec ip i t a ted ,  i sola ted and pu r i f i ed .Subsequen t l y ,  these  
p r e p o l y m e r s  are used  to in i t ia te  the  po lymer i za t ion  of a second 
m onomer .Po lymer s  containing an azo-l inkage in the  main chain are 
especial l ly  sui table for this purpose  and can be p repa red  by means  
of condensa t ion  4-5 and cationic 6-7 and anionic 8 living polymer iza t ion  
techniques .  

Block c o p o l y m e r s  w i t h  p o l y a c r y l o n i t r i l e  a n d  
po lyme thac ry lon i t r i l e  as one componen t  are of potent ia l  in t e res t  in 
the  d e v e l o p m e n t  of h igh- tech  devices such as l i t hog raphy  due to 
t h e i r  p o l a r i t y , s o l u b i l i t y  and h igh  p l a s m a  e t ch ing  r e s i s t a n c e  
p r o p e r t i e s g . C o n v e n t i o n a l  anionic  t e c h n i u q e s  are no t  su i tab le ,  
especia l ly  w h e n  acryloni t r i le  is used as the f i rs t  component ,  due to 
reac t ions  at the  C=N as wel l  as the C=C bonds  leading to insoluble  
crossl inked polymers .  Jenkins and co-workers  I0-12 have  described a 
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n e w  s y s t e m  for  the  po lymer i za t i on  of m o n o m e r s  con ta in ing  CN 
groups .Polymer iza t ion  proceeds smooth ly  w h e n  re la ted  monomer  is 
mixed  w i t h  t e t r a k i s ( d i m e t h y l a m i n o ) t i t a n i u m  (T 4) according to 
following reactions.  

.~Ti_N "cH3 + CH2=CH ~ ~ : [ i_N:C-N:  cH3 
"CH 3 CN ICI H CH3 

CH 2 

CH3 
-~TI-N:C-N: + CH~=CH - -" "~Ti-CH-CHz-N:C-N: cH3 

CH CH3 CN CN CH3 
i !  

CH 2 

,CH3 CH.,_ CH__.~ .~Ti~CH- CHZ~n N:C-N. "CH3 
.~Ti_CH-CH2-N:C-N * n , - ,  , , . 

"CH3 CN CN CH CH 3 
CN 

CH 2 

(1) 

(2) 

(3) 

It  seemed  appropr ia te  to use the same react ion principle be tween  
CN g r o u p s  of t h e  w e l l  k n o w n  f r e e  r a d i c a l  i n i t i a t o r  
azobis isobutyroni t r i le  (AIBN) and T4 to ini t ia te  the  po lymer iza t ion  
of ac ry lon i t r i l e .Th i s  p rocedu re  makes  it possible  to syn thes i ze  
polyacryloni t r i le  containing an azo-linkage in the main chain. 

8XPERIMENTAL 

Materials:  

T e t r a k i s ( d i m e t h y l a m i n o ) t i t a n i u m  (T4) ( A l f a / V e n t r o n ) w a s  used 
w i t h o u t  f u r t h e r  pur i f ica t ion.Benzene was  w a s h e d  succesively  wi th  
H2S04, w a t e r  and alkali and dist i l led over  CaCI2 and ref luxed  over  
Na wi re  for 4 hours  u n d e r  n i t rogen  and f ina l ly  dis t i l led before  
use .Acryloni t r i le  (AN) was  w a s h e d  succesively  w i th  aqueous  NaOH 
and w a t e r  and distilled over Call2. 

Polymer iza t ion  Procedures:  

The appropr ia te  amoun t  of T4 was  dissolved in benzene  unde r  
n i t rogen  to give 12 % ( w / w )  solution.A Sto ichiometr ic  a m o u n t  of 
AIBN was al lowed to react  w i th  T4 solution under  n i t rogen  at  30oC 
for 96 hours .At  the end of this period, the colour of the solut ion is 
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d a r k e n e d  indica t ing  comple t i on  of the  reac t ion .A g iven  a m o u n t  of 
t he  a b o v e  so lu t ion  was  i m m e d i a t e l y  a d d e d  to the  m o n o m e r ,  
p r e v i o u s l y  d i sso lved  in the  same solvent ,  at 18=23oC.The r eac t ion  
was  a l lowed to p roceed  for 40 minu tes  wi th  cont in ious  s t i r r ing .The 
p o l y m e r s  w e r e  t hen  p rec ip i t a ted  into methanol ,  dr ied  and weighed .  

RESULTS AND DISCUSSION 

T4 was  p e r m i t t e d  to reac t  w i th  AIBN unde r  a n h y d r o u s  condi t ions  
at a m b i e n t  t e m p e r a t u r e s  according to the  fol lowing r eac t i on . l n  this 
case, a coord ina t ion  t y p e  of reac t ion  b e t w e e n  T4 and the  low molar  
mass ini t ia tor  AIBN is opera t ive .  

,CH 3 CH3 CH3 CH3 + / 

-~Ti-N'CH3+ NC-C-N:N-C-CN ----" ~Ti-N-C-C-N:N-C-C:N-Ti~/ _ , '. } 
"CH3 CH 3 CH 3 /N,  CH 3 CH}N\ 

OH 3 CH3 CH3 CH 3 

(4} 

The o rganometa l l i c  in i t ia tor  was  cha rac t e r i zed  by  i n f r a r e d  spec t ra  
in benzene .As  shown in Figure I, s t rong absorp t ion  appea r s  at 1600 
cm -t ind ica t ing  -N=C~ groups ,  w h e r e a s  w e a k  ni t r i le  a b s o r b t i o n  at 
2220  cm -I ind ica tes  the  p r e senc e  of a small  a m o u n t  of u n r e a c t e d  
C~N groups .Obvious ly ,  this wou ld  r e su l t  in h o m o p o l y m e r  f o r m a t i o n  
in the  s u b s e q u e n t  block copo lymer iza t ion  step.One w a y  to o v e r c o m e  
this p ro b l em is to use excess T4, which  r equ i r e s  to be r e m o v e d  f rom 
the  m i x t u r e  at the  end  of the  r e a c t i o n  since T4 i t se l f  p r o d u c e s  
e f f ec t i ve  ini t ia t ing specieces  in the  p o l y m e r i z a t i o n  of AN according 
to  r e a c t i o n s  l - 3 . F u r t h e r  s t u d i e s  a r e  p r o g r e s s  a t  t h i s  
p o i n t . P o l y m e r i z a t i o n  of AN was  c a r r i ed  ou t  using the  a d d u c t  as 
in i t ia tor .The resu l t s  are shown in Table I. 

3 oo I i 

300 2200 
Wavenumber (cm -I ) 

14'00 ' 600 

Figure I" I n f r a r e d  spec t ra  of the  adduc t  in benzene  
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Table I. 
Po lymer iza t ion  of actylonitr i le  ini t ia ted by the adduc t  in benzene.  

_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Run AN The adduct  Temp. Time Conversion 
No (mol 1 -I) (mol I-I) (oC) (min.) (%) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 3.02 1.3 x 10 -4 18-23 40 0.1 
2 3.02 2.6 x 10 -4 18-23 40 15.5 
3 0.75 5.3 x 10 -4 18-23 40 14 
4 2.26 5.3 x I0-4 18-23 40 46 
5 3.77 5.3 x 10 -4 18-23 40 68 

The po lymer i za t i on  of AN in i t ia ted  by the p r e f o r m e d  adduc t  is a 
v e r y  ef f ic ient  process and at high concen t ra t ions  of the monomer  
v i g o r o u s  p o l y m e r i z a t i o n  w a s  o b s e r v e d  w i t h  in a f e w  
seconds.Similar ly,  the adduc t  ini t ia tor  ob ta ined  f rom the low molar 
mass model  compound  propioni t r i le  p roduced  ini t ia t ion eff ic iency 
comparab le  to tha t  of T4 as was shown by  Bill ingham et al. 11.This 
process leads to a po lymer  w i th  -N=N- groups  in the main chain. 
Po lyacry lon i t r i l e  (PAN) funct ional ized  in this w a y  will  decompose  
on heat ing and forms two radicals in a similar w a y  to AIBN. 

CH 3 CH-~ 

C H- CH2 ]-~,-'-- C-N:N = C,-,.----~ C H 2 
1 
CN CH 3 CH~ 

cH3 
2 ~-~--~4CH-CH2t-~C" " N2 

I 
CN CH3 

CN 

(5) 

If the  t he rmo lys i s  is car r ied  out in the  presence  of f ree  radical ly  
p o l y m e r i z a b l e  m o n o m e r s  such  as s t y r e n e  (St) and  m e t h y l  
m e t h a c r y l a t e  (MMA), the  po lyacry lon i t r i l e  a t t ached  radical  may  
in i t ia te  f ree  radical  po lymer i za t ion  to gene ra t e  copolymers .As  a 
c rude  demons t r a t i on ,  PAN (obta ined  f rom run  5) was  used to the 
in i t ia te  the  po lymer iza t ion  of St.A solution of St in DMF ( I / I  ;v /v)  
conta in ing  14.6 g / l  PAN was hea t e d  at 65oC for 90 minu tes .The  
resul t ing po lymer  was p resumed  to contain a copolymer  of poly(AN- 
St) wi th  7.92 % overal l  St conversion and was soluble in benzene  and 
THF w h i c h  are n o n - s o l v e n t  for h o m o p o l y a c r y l o n i t r i l e . A  cont ro l  
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expe r imen t ,  in the absence of the ini t iator  gave about  0.5 % 
c o n v e r s i o n  of St a f t e r  90 m i nu t e s  hea t ing  at the  same 
temperature.Efficiency of azo-linked PAN as a free radical initiator is 
not optimized in any way  since each polymer  chain contains one 
functionali ty and can produce only two polymeric radicals.The type 
of the block copolymer great ly depends on the kinetic behaviour of 
the particular monomer involved.lnitiation of St polymerization by 
means of azo-linked PAN is expected to yield PSt molecules with 
PAN unit  at each end since t e rmina t ion  is by radica l - radica l  
combination. 

Although these resul ts  p re l iminary  in nature ,  they  clearly 
indicate a useful  two-s tep  polymerizat ion process by means of 
which copolymers of AN with different  monomers can ult imately be 
g e n e r a t e d  by use of T4o Detai led s tud ies  on the  block 
copolymer iza t ion  are now in progress and the resul ts  will be 
reported elsewhere.  

1.C.Riess,G.Hurtrez and P.Bahadur,Block copolymers in "Encyclopedia 
of Polymer  Science and Engineering" Vol.2 Second Ed.,John&Wiley 
Sons,New York(1985) 
2.R.Verome,R.Fayt and T.Quhadi, Prog.Polym.Sci.,l 0,87(1984) 
3.M.J.M.Abadie and D.Qurahmoune, Brit.Polym.J., 19,247(1987) 
4.Y.Yagci,U.Tunca and N.Bicak, J.Polym.Scio,Polym.Let.Ed.,24,49(1986) 
5.Y.Yagci,U.Tuna and N.Bicak, J.Poly m.Sci.,Polym.Let.Ed.,24,491 (1986) 
6.Y.Yagci, Polymer (Com mun.)26,7(1985) 
7.A.Akar,A.C.Aydogan,N.Talinli and Y.Yagci, Polym.Bull., 15,293(1986) 
8.Y.Vinchon,R.Reeb and G.Riess, Europ.Polym.J., 12,317(1976) 
9.W.Schnabel and H.Sotobayashi, Prog.Polym.Sci., 9,297(1983) 
I 0.A.D.Jenkins,M.F.Lapper and R.C.Srivastava, Europ.Polym.J., 7,289 
(1971) 
I l.N.C.Billingham,L.M.Boxall and A.D.Jenkins, Europ.Polym.J., 8,1045 
(1972) 
12.N.C.Billingham,L.M.Boxall,A.D.Jenkins and P.D.Leeds, Europ.Polym.J 
10,981(1974) 

Accepted January 16, 1989 C 


