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BLOCK COPOLYMERS CONTAINING POLYACETYLENE UNITS 

MARY E. GALVIN and GARY E. WNEK 
Department o f  Mater ia ls  Science and Eng 
Massachusetts I n s t i t u t e  o f  Technology 
Cambridge , MA 021 39 USA 

neer i  ng 

Abstract  
by an an ion ic  t o  Ziegler-Natta t ransformat ion technique. 
Dual rad io -ac t ive  l a b e l l i n g  was used t o  confirm the  synthesis 
o f  block copolymers. 

Styrene-acetylene block cop0 ymers were prepared 

INTRODUCTION 

The i nt rac tab i  1 i ty  o f  polyacetylene has prompted the  search 
syn the t i c  approaches which may render (CH)x so lub le  o r  a t  l e a s t  
processable as a p a r t i c u l a t e  dispersion, We [l] and Baker and 
Bates [2] were the  f i r s t  t o  suggest and car ry  o u t  the  synthesis o f  
b lock copolymers wherein one block was (CH),. The obvious motiva- 
t i o n  i s  tha t ,  i f  the second block has a grea t  a f f i n i t y  f o r  a par-  
t i c u l a r  solvent,  the s t rong hydrophobic i n te rac t i ons  between (CH)x 
chains may be overcome lead ing  t o  s o l u b i l i t y  o f  the e n t i r e  
copolymer chain. Our methodology i nvo l ved  the  use of an ion ic - to -  
Ziegler-Natta t ransformat ion reac t ions  [3 ,  43, a c a t a l y t i c a l l y  ac- 
t i v e  t i  tanium-based species being generated by a l k y l a t i o n  o f  
Ti(OBu).l, w i t h  p o l y s t y r y l  l i t h i u m .  
chemistry was predicated on the observations t h a t  T i  (OBu)&/Li 
a l k y l  systems are ac t i ve  f o r  acetylene polymerizat ion [5], and 
e l e c t r o n  donating l igands (such as -OBu, which donate e-dens i ty  
v i a  resonance, a phenomenon s i m i l a r  t o  a c t i v a t i o n  o f  a 
r i n g  by -OH o r  -0R)tend t o  suppress B-hydride e l i m i n a t i o n  

[GI, which can o f  course s i g n i f i c a n t l y  lessen the y i e l d  o f  b lock 

copolymer. We repor t  here in  our  recent  s tud ies  which have been 
d i rec ted  toward subs tan t i a t i ng  the a b i l i t y  o f  our  s y n t h e t i c  ap- 
proach t o  y i e l d  styrene-acetylene d ib lock  copolymers. 

f o r  

The an t i c ipa ted  success o f  t h i s  
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34 M .  E. GALVIN AND G. E. WNEK 

EXPERIMENTAL 

Block polymerizations were ca r r i ed  ou t  i n  a reac tor  cons is t ing  o f  
a 500 m l  round bottom f l a s k  t o  which d i r e c t l y  was attached a Tef lon 
stopcock and b a l l j o i n t  f o r  connection t o  a vacuum l i n e ,  a Te f lon  
stopcock f o r  i n t roduc t i on  o f  A r  and, a t  the top  o f  t he  f lask ,  a 
graduated tube (100 m l  cap.) v i a  a Te f lon  stopcock. 
baked a t  200" C i n  vacuo overnight and styrene (washed w i t h  aq. 
KOH and H20, d r i e d  over MgS04 and f i l t e r e d ,  then d r i e d  over CaH2) 
was d i s t i l l e d  i n  vacuo i n t o  the graduated tube cooled t o  -200" C 
(w i th  the reactor inverted).  A f t e r  warming t o  25' C, 150 m l  dry 
THF ( d i s t i l l e d  from Na benzophenone) was added t o  the  f l a s k  under 
A r .  Next, the f l a s k  was cooled t o  -78' C and 0.3 m l  nBuLi (2.1 m l  
i n  n-hexane) was added a syr inge under A r .  The THF/n-BuLi 
so lu t i on  was degassed on a vacuum l i n e  and the stopcock t o  the  
styrene rese rvo i r  was opened gent ly  and styrene was added over E. 
5 minutes. 
allowed t o  warm f o r  10 minutes. 
toluene (0.21 M) was added t o  the  p o l y s t y r y l  L i  under A r  ( L i / T i  = 

3 : l ) .  Fol lowing 30 minutes o f  aging, the s o l u t i o n  was degassed 

and g. l a tm C2H2 was admitted. 
green t o  deep blue as acetylene polymerizat ion proceeded. Termina- 
t i o n  was accomplished by add i t i on  o f  3 m l  o f  10% HC1 i n  MeOH. Ra- 

d i o  tagging studies were performed using "+C-enriched i n  BuLi (ICN) 
and CH30T (prepared from CH30H and T20). Counting was done by New 
England Nuclear Corp. 

separated from homopolystyrene by p r e c i p i t a t i o n  i n  10% THF/90% 
acetone. 

The f l a s k  was 

The f l a s k  was then removed from the -78" C bath and 
Next, 1 m l  o f  Ti(OBu),+ i n  d ry  

The so lu t i on  turned from red  t o  

Any p r e c i p i t a t e  was f i l t e r e d ,  wh i l e  "colored so lu t ions"  were 

RESULTS AND DISCUSSION 

Several observations are consistent w i t h  block copolymer format ion 
using our syn the t ic  approach. 
e a r l y  i n  the react ion,  although the s o l u t i o n  i s  deeply colored, 

F i r s t ,  no p r e c i p i t a t e  i s  noted 
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BLOCK COPOLYMERS CONTAINING POLYACETYLENE UNITS 35 

suggesting t r u e  s o l u b i l i t y .  Second, the  t ime requ i red  t o  a f f o r d  
p r e c i p i t a t i o n  o f  b lue-black p a r t i c l e s  increased w i t h  inc reas ing  
polystyrene length  (15 min. f o r  En = 32,000 and 36 min. f o r  ", = 

42,000). Also, mon i to r ing  the composit ion o f  the p r e c i p i t a t e  as a 
func t i on  o f  inc reas ing  reac t i on  t i m e  by  I R  spectroscopy showed 
t h a t  indeed the ( C H I x  concentrat ion increased. Unfortunately,  the 
I R  method cannot d i s t i ngu ish  between b lock  copolymer and a simple, 

physical  mixture, whereas the o ther  observations noted above are  
misleading as suggested by con t ro l  experiments. For example, po ly -  
mer iza t ion  o f  C2H2 i n  the presence o f  polystyrene ( f r e s h l y  prepared 

by an ion ic  polymerizat ion and terminated w i t h  MeOH - t h i s  ma te r ia l  
should no t  contain e l e c t r o p h i l i c s i t e s  f o r  g r a f t i n g  [2]) gave, w i t h  
sho r t  reac t i on  times, pu rp l i sh  " so lu t i ons "  from which (CH)x p a r t i -  
c l es  could be p rec ip ia ted  by add i t i on  o f  acetone. 
cant ly ,  the p r e c i p i t a t e  cou ld  be re-suspended i n  toluene, 
y i e l d i n g  what appeared t o  be a t rue  so lu t i on .  We be l i eve  t h a t  
d isso lved polystyrene may adsorb onto small  (CH)x p a r t i c l e s  and 
prevent agglomeration under c e r t a i n  condi t ions.  I n  fac t ,  Edwards 
e t  a l .  [7] showed t h a t  (CH)x l a t i c e s  can be prepared by acetylene 
polymerizat ion i n  the presence o f  appropr iate d isso lved polymers. 
These observations prompted us t o  search f o r  formal p roo f  o f  a 
covalent bond between polystyrene and (CH)x. 

(GPC) , which demonstrated t h a t  i ndeed an increase i n  molecular 
weight was achieved (E, i n i t i a l  p o l y s t y r y l  L i )  upon acetylene 
polymerizat ion.  
GPC analysis and chemistry might occur a t  t h i s  s tep  (such as 
c ross l i nk ing )  which could l ead  t o  a f a l s e  i n t e r p r e t a t i o n  o f  data. 
We decided t h a t  r a d i o - l a b e l l i n g  would provide a s e n s i t i v e  and 
thus h i g h l y  use fu l  i n d i c a t o r  o f  b lock format ion w h i l e  a l l ow ing  us 
t o  handle the mater ia ls  i n  the p r i s t i n e  s ta te .  The idea behind 

the  double l a b e l i n g  i s  simple. Po lys ty ry l  L i  enr iched w i t h  14c- 

a t  the n-butyl  terminus was used t o  a l k y l a t e  Ti(OBu),,, acetylene 

More s i g n i f i -  

I n i t i a l  e f f o r t s  focused on gel permeation chromatography 

However, our mater ia ls  were brominated p r i o r  t o  
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36 M. E. GALWN AND G. E. WNEK 

was polymerized u n t i l  pa r t i cu la tes  prec ip i ta ted ,  and f i n a l l y ,  the 
polymerizat ion was terminated with MeOT. The p r e c i p i t a t e  was 
washed exhaust ively w i t h  toluene t o  remove hompolystyrene and then 
counted. A cont ro l  react ion,  i n  which 14C-enriched p o l y s t y r y l  L i  
was terminated w i t h  CH30T t o  ob ta in  a reference 14C/T r a t i o ,  was 
a lso  performed. 
was formed due t o  f a c i l e  B-hydride e l im ina t i on  ( fo l lowed by i n i t i a -  
t i on ,  v i a  t i t an ium hydrides), t he  p r e c i p i t a t e  should conta in  neg l i -  
g i b l e  14C/T (1.e. 14C/TsO). I f  the residue was t o t a l l y  comprised 
o f  block copolymer, then the 14C/T r a t i o  should be s i m i l a r  t o  t h a t  
of the cont ro l  (assuming t h a t  k i n e t i c  isotope e f f e c t s  are s im i la r ) .  
Ratios o f  "+C/T between the two extremes would provide in fo rmat ion  
concern! ng chain t r a n s f e r  react ions . 

Clear ly ,  
a1 1 block copolymers r2-41 contain s i g n i f i c a n t  amounts o f  I 4 C .  
That t h i s  i s  no t  der ived t o  a s i g n i f i c a n t  ex ten t  from 14C-labeldd 
homopolystyrene which cannot be ex t rac ted  i s  demonstrated by Sample 
#6. We be l ieve  the increase i n  " T / T  observed i n  Samples 2-4 as 
the ca ta l ys t  concentrat ion increases may be due t o  be bimolecular 
terminat ion mechanism, t h e  occurrance o f  which i s  expected t o  i n -  
crease w i t h  increasing c a t a l y s t  concentrat ion. 

I f, i n  the  block preparations, on ly  homo (CH)x 

Our p re l im inary  r e s u l t s  are sumar ized i n  Table 1. 

1 I 

I b 
2 M l C H  = CH-Ti- -+ 2 - T i  t & H  CH2 + Mrc L CH 

Thus, our pre l im inary  data show no compell ing evidence f o r  the  
formation o f  any s i g n i f i c a n t  amount o f  homo (CH)x. Although the 
ove ra l l  y e i l d  of block copolymers (def ined as amt. block/amt. 
block + PS) i s  
are reasonably pure. 
the  r e s u l t  o f  using THF as the  so lvent  (which can compete w i t h  
C2H2 i n  coordinat ion with the ac t i ve  s i t e ) ,  these numbers are no t  
unreasonable f o r  a soluble Ziegler-Natta ca ta lys t .  Future work 
w i l l  be devoted t o  charac ter iza t ion  of the  copolymers i n  terms o f  

only g. 2-5%, i t  appears t h a t  our mater ia ls  
While i t  may be argued t h a t  the  low y i e l d  i s  
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BLOCK COPOLYMERS CONTAINING POLYACETYLENE UNITS 

microphase separat ion and the  general dependence o f  b lock length  

1. 

2. 

3. 

4. 

5. 

6. 

Table 1 

sample L i / T i  I n B u l i ]  M 14C, dpm/mg 

and concentrat ion on e l e c t r i c a l  p roper t ies .  
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