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MORPHOLOGY OF PRISTINE POLY(ACETYLENE) OBTAINED BY 
LUTTINGER'S CATALYST 
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I n s t i t u t  f u r  Makrornolekulare Chemie 
Stefan - Meier - S t r .  31 
D-7800 Freiburg, Germany 
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Poly(acety1ene) was prepared as freestanding mechani- 
c a l l y  s t a b l e  fi lm using Lu t t inge r ' s  c a t a l y s t .  The 
cis isomer formed i n i t i a l l y  is  s t a b l e  during s torage 
a t  room temperature over many days. Electron micro- 
graphs show a loose conglomerate of i r r e g u l a r l y  
shaped p l a t e l e t s  with a diameter of several  t e n  nano- 
meters and a thickness of l e s s  than 10 nm. Electron 
d i f f r a c t i o n  on the c i s  form shows the chain axes per- 
pendicular t o  the lamella surface.  Annealing converts 
the polymer i n t o  the t r ans  isomer. Morphological 
changes a re  not observed. The chains however tilt i n  
t he  course of the phase t r a n s i t i o n  associated with 
the isornerization. F i l m s  of the material  obtained by 
Lu t t inge r ' s  ca t a lys t  show e s s e n t i a l l y  the same elec- 
t r i c a l  and mechanical behavior as  t he  ones prepared 
by the  Shirakawa-technique. 

The majority of invest igat ions on poly(acety1ene) reported 
i n  l i t e r a t u r e  is performed with a polymer prepared by blow- 
ing acetylene gas onto a surface of toluene solut ion of a 
Zieg er ca t a lys t .  This method was f i r s t  described by Shira- 
kawa and has i n  the meantime almost become standard. Other 
ways of chemical syn thes i so fpo ly (ace ty1ene )  seem scarcely 
t o  f ind i n t e r e s t .  Therefore we studied morphology and s t ruc -  
t u re  of poly(ace ylene) polymerized by means of c a t a l y s t s  
due t o  Luttinger i n  comparison t o  the polymer prepared by 
Shirakawa's method. 

of the polymer it is  worth t o  mention t h a t  the u s e  of Lut- 

1 

5 

Concerning the  polymerization and a l s o  the p u r i f i c a t i o n  
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170 G .  LIESER er al. 

t i n g e r ' s  c a t a l y s t  has some advantages. For our invest igat ions 
w e  selected the ca t a lys t  complex of Co(N0 ) and NaBH4 . Both 
compounds were dissolved separcrtely i n  e t i a z o l .  After t h e  so- 
lut ions were poored together a s t a b l e  b r igh t  red complex is 
formed a t  temperatures lower than -30 C. Exposure of t h i s  
solut ion t o  acetylene gas y i e l d s  immediately the  polymer a s  
t he  c i s  isomer. For e lectron microscopical invest igat ions we 
prepared poly (acetylene) both a s  suspensions o r  fi lms. In the  
f i r s t  case w e  get  an intensely red very f i n e  dispersed pre- 
c i p i t a t e  which a f t e r  a few minutes coagulates t o  black f l a -  
kes .  The f lakes  sediment but can be redispersed by u l t r a son ic  
treatment of the suspension even a f t e r  s torage a t  room t e m -  
perature over more than two weeks. By v i sua l  inspection t h e  
redispersed suspension cannot be distinguished from a red 
solut ion,  indicat ing t h a t  no i r r e v e r s i b e l  aggregation of i n -  
dividual p a r t i c e l s  has taken place.  Also no color change of 
the suspension is  observed a f t e r  the two weeks period. A l -  
though the c a t a l y s t  has not been removed from the suspension 
the complex is  inact ivated due t o  the temperature r i s e  from 
a t  l e a s t  -30 C t o  room temperature. Under t h e  same conditions 
a poly(acety1ene) suspension obtained by a Ziegler c a t a l y s t  
converts t o  the  t r ans  isomer t o  such an extent  t h a t  already 
a f t e r  a sho r t e r  s torage the color  of a redispersed suspension 
has d e f i n i t e l y  changed t o  v i o l e t .  

t i o n  i n  t h i n  laminar fi lms of c a t a l y s t  solut ion spread ou t  
onto a g l a s s  subs t r a t e  o r  by deposit ion of a suspension on 
a f l a t  substrate .  After drying these fi lms have a remarkably 
high s t rength and a r e  easy t o  handle during electon micro- 
scopical preparation. For the  d u p o s e  of morphological s t u -  
dies  the f i lm thickness i s  ained t o  be i n  t h e  region of 
50 nm. Those fi lms a l s o  are intensely red colored and become 
dark blue a f t e r  annealing a t  temperatures higher than 110 C, 
indicat ing the  formation of t h e  t r ans  isomer. For most of 
our observations on t r a n s  fi lms the exact annealing condi- 
t i ons  were 150 C f o r  2h. 

Figure l a  shows a transmission electron micrograph of 
a t h i n  fi lm of poly(acety1ene) obtained by Lu t t inge r ' s  cata- 
l y s t .  We never could observe t h e  s l i g h t e s t  difference of 
appearance between fi lms of the  c i s  and the t r a n s  isomer f o r  
both the Luttinger and t h e  Ziegler catalysed polymer. The 
image shows a conglomeration of lamellae which i n  some areas  
by chance form ribbons. The o r i g i n a l  polymer as  long as sol-  
vent i s  s t i l l  present  has the form of a sponge which a f t e r -  
wards collapses during evaporation of t he  solvent.  To i l l u s -  
t r a t e  t h i s  kind of morphology, i n  Figure lb  a drawing of a 
small area i s  excerpted from Figure l a .  

0 

0 

Poly(acety1ene) fi lms a re  made by performing the  reac- 
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MORPHOLOGY OF PRISTINE POLY(ACETYLENE) 171 

b 

FIGURE 1 a. Transmission electron micrograph of a thin f i l m  
of poly (acetylene) obtained by Luttinger's catalyst 
b. Drawing of a small area depicted from Figure la 
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172 G .  LIESER el 01. 

The same type of morphology occurs i n  Ziegler catalysed 
polymer too, as  demonstrated in Figure 2 .  I n  the transmission 
electron micrograph the ribbon i s  c l e a r l y  resolved as  an ag- 
gregation of s ing le  lamellae. I t  d i f f e r s  c l ea r ly  from the 
morphology of a polymer f ibe r .  

F I G U R E  2 Transmission electron micrograph of a ribbon con- 
s i s t i n g  of aggregated s ing le  lamellae i n  poly(acety1ene) 
obtained by Shirakawa's technique 

For the f i n a l  decision whether such s t r i n g s  as shown i n  Fi- 
gures 1 and 2 a r e  a r e  f i b e r s  o r  not,  it is  necessary t o  know 
the chain d i r ec t ion  with respect t o  t h e  morphology. The bes t  
experimental proof f o r  t h i s  question is  t o  carry ou t  elec- 
t ron d i f f r a c t i o n  from small specimen areas .  Figure 3 i l l u s -  
t r a t e s  expectations f o r  such experiments with f i b e r s ,  iso-  
l a t ed  polymer s ing le  c r y s t a l s  and t h e i r  agglomerations, when 
t h e i r  o r i en ta t iona l  d i s t r i b u t i o n  i s  a t  random round an a x i s  
perpendicular t o  a f l a t  subs t r a t e .  

l i nes , the  dis tance of them representing the length of the 
chain repeat.  For a s ing le  c r y s t a l  i n  whichthe polymer chains 
generally a r e  or iented perpendicular t o  the lamella surface 
a point  diagram is  expected, a l l  r e f l ec t ions  of it belonging 
t o  only one crystal lographic  zone ( when the  crystal lographic  

The most important f ea tu re  of a f i b e r  diagram a r e  layer  
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MORPHOLOGY OF PRISTINE POLY(ACETYLENE) I73 

c-axis is  assigned t o  the chain d i r ec t ion ,  the d i f f r a c t i o n  
pa t t e rn  shows the hkO r e f l e c t i o n s ) .  I f  instead of an  indivi-  
dual c r y s t a l ,  a n  ensemble of them d i s t r ibu ted  round the  
c-axis i s  exposed t o  the electron beam, each hkO re f l ec -  
t i o n  degenerates t o  a c i r c l e .  The d i f f r a c t i o n  pa t t e rn  looks 
s imilar  t o  a powder p a t t e r n ,  but i n  con t r a s t  t o  it, hkl 
r e f l ec t ions  with 1 # 0 a r e  missing. 

* 
C 

FIBER 

I 

SINGLE CRVSTAL 

r0 ... ... 
am. 

' 0 .  a *  
hOO . . 0 . -  

' * a  a .  
' a *  a ' .. ... 

I 
]I 

iINGLE CRYSTAL MA1 

only hkO 

F I G U R E  3 Schematic drawing of e lectron d i f f r a c t i o n  pa t t e rns  
f o r  d i f f e r e n t  polymer morphology 

For c i s  poly(acety1ene) an electron d i f f r a c t i o n  pa t t e rn  
always is  of the l a t t e r  type,  even i f  a sample a rea  of only 
100 nm i n  diameter i s  depicted ( Figure 4 1 .  All t he  r e f l ec -  
t i ons  can be indexed as  hkO. From t h i s  and other  d i f f r a c t i o n  
pat tern3 not presented here,  an orthorhombic u n i t  c e l l  i s  
derived with parameters s ' m i l a r  t o  a set  reported from x-ray 
measurements i n  l i t e r a t u r e  . More important than the  coinci- 
dence of x-ray and electron d i f f r a c t i o n  data  i s  the  occurance 
of a hkO pa t t e rn  under the usual conditions of e l ec t ron  d i f -  
f ract ion.  Therefore only a perpendicular o r i en ta t ion  of t he  
chains with respect t o  the lamella surface is compatible 
w i t h  t he  experimental findings. 
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I74 G .  LIESER et al. 

From the  point of view of polymer morphology i n  general  
poly(acety1ene) too behaves q u i t e  similar t o  other  polymers 
where lamella l i k e  morphology with the  chains perpendicular 
t o  the surface is predominant. The small s i z e  of t he  c rys t a l -  
U t e s  ( 5 t o  l o  nm i n  thickness and a few 10 nm i n  l a t e r a l  
extension ) i s  mainly due t o  the f a s t  polymerization reaction 
and the in so lub i l i t y  of t he  polymer. For example a s imilar  
morphology is observed f o r  polyethyiene, as-polymerized with 
Ziegler c a t a l y s t  from the gas phase . I n  addi t ion t o  the 
s imi l a r  morphology, chainfolding i s  present  i n  poly(acety- 
lene) a s  well. The average chain length exceeds the lamella 
thickness by a f ac to r  of roughly 5, so t h a t  thegsame chain 
has t o  run several  times through one c r y s t a l l i t e  .Some chains 
a l s o  may connect d i f f e r e n t  c r y s t a l l i t e s  a s  so ca l l ed  " t i e -  
molecules". A chain fold has t o  have c i s  configuration and 
cannot change configuration during isomerization. 

Isomerization of p r i s t i n e  poly(acety1ene) obtained by 
Lut t inger 's  c a t a l y s t  requires cumealing of t he  sample a t  
temperatures above 110 C, a s  mentioned e a r l i e r ,  and is  a 
ways associated with a crystal lographic  phase t r a n s i t i o n  . 

0 k- 

F I G U R E  4 Electron d i f f r a c t i o n  Pet terns  of cis- ( l e f t )  and 
trans- ( r i g h t )  poly(acetylene1 a t  beam incidence normal t o  
the specimen 
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MORPHOLOGY OF PRISTINE POLY(ACETYLENE) 175 

E l e c t r o n  d i f f r a c t i o n  p a t t e r n s  of  t h e  new phase show broade- 
n i n g  of  t h e  r e f l e c t i o n s ,  small s h i f t s  o f  t h e i r  p o s i t i o n s  and 
i n t e n s i t y  changes. I n  a d d i t i o n ,  a new r e f l e c t i o n  a p p e a r s ,  
which can be indexed a s  a 0 0 2  r e f l e c t i o n  cor responding  t o  
t h e  t r a n s  c h a i n  r e p e a t .  The r e f l e c t i o n  broadening i n d i c a t e s  
a d e c r e a s e  of c o h e r e n t l y  s c a t t e r i n g  areas w i t h i n  i n d i v i d u a l  
c r y s t a l l i t e s  and t h e  new 001 r e f l e c t i o n  is  i n d i c a t i v e  of a 
c h a i n  tilt w i t h i n  t h e  c r y s t a l l i n e  lamellae. I n  an earlier 
paper6  w e  d e r i v e d  from o u r  d i f f r a c t i o n  d a t a  a monocl inic  
p r i m i t i v e  u n i t  c e l l  f o r  t h e  t r a n s  isomer h i c h  i n  t h e  mean- 
t i m e  is  suppor ted  by packing c a l c u l a t i o n s  r 
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