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ON THE CONFIGURATIaN AND O X I D A T I O N  O F  
(Cd) OBTAIZJED BY LUTTINGER'S CATALYST 

L. TERLEMEZYAN and M. MIHAILOV 
C e n t r a l  Laboratory f o r  Polymers, 
Bulgar ian  Academy of Sc iences ,  
1 0 4 0  S o f i a ,  Bu lga r i a  

Polyace ty lene  ( P A )  ob ta ined  by i so ther ina l  o r  
non-isothermal  polymer iza t ion  us ing  
L u t t i n g e r ' s  c a t a l y s t  w a s  s t u d i e d  by IR and 
Iiainan spec t roscopy.  I t  was found t h a t  t h e  
c i s / t r a n s  con ten t  depends on t h e  t h i c k n e s s  
of  t h e  f i l m s  ob ta ined .  I t  w a s  supyosed t h a t  
t h e  popu la t ion  of t r a n s - c i s o i d  isomer i n  c i s -  
r i c h  f i l m s  i s  probably l a r g e r  than  t h e  
popu la t ion  of t r a n s - t r a n s o i d  isomer.  Oxygen 
i n c r e a s e s  t h e  c i s - t rans  i zomer i za t ion  r a t e .  
The o x i d a t i o n  of  c i s - i somer  probably proceeds 
wi th  h ighe r  r a t e  than  t h e  o x i d a t i o n  of  lower 
energy t rans- i somer .  

ITJTRODUCTION 

It  i s  w e l l  lcnown t h a t  t h e  p o A p e r i z a t i o n  of ace ty -  
l e n e  a t  low tempera ture  (-80 C )  i n  t h e  presence  of 
a s o l u b l e  Z i e q l e r - J a t t a  c a t a l y s t ,  T i  ( O C 4 H g )  
A I ( C 2 H 5 ) 3 ,  u s ing  t h e  techniques  developed by 
Sliirakawa, p r i m a r i l y  y i e l d s  cis-PA (more than  9 5 % )  
which i s  t h e  thermodynamically u n s t a b l e  form and 
which can be  i somer ized  i n t o  a l l - t rans-PA by 
hea t ing .  :4olecular s t r u c t u r e  of PA w a s  s t u d i e d  by 
ineans of I R  and Raman spec t roscopy.  Comparison of 
c a l c u l a t e d  v i b r a t i o n s  with observed s p e c t r a  l e a d s  
t o  t h e  conc lus ion ,  t h a t  c i s  and t r a n s  forms of PA 
a r e  c i s - t r a n  o ' d  ( c - t )  and t r a n s - t r a n s o i d  (t-t) , 
r e spec t ive ly '  I t .  The t r a n s - c i s o i d  ( t - c )  s t r u c t u r e  
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124 L.  TERLEMEZYAN and M. MIHAILOV 

was not proved experimentally, but was considered 
as an interme 1 te state in the thermal cis-trans 
isomerization . 
rization of PA obtained by Shirakawa's techniques 
(S-PA) was studied by IR analyses. In the absence 
of W light two pseudo-first-order oxidation 
regimes were observed. It was found that oxidatfon 
had no effect upof: cis-trans isomerization rate . 

Lieser et al. showed that low-temperature 
polymerization of acetylene in the presence of 
Luttinger's catalyst yields cis-PA. The parameters 
of the orthorombic unit cell were determined using 
electron diffraction and X-ray experiments. 

IR spectrum of powder sample of PA obtained by 
Luttinger, s catalyst (L-PA) with cis- rans ratio 
1 : l  was published by Haberkorn et al. . 
films of L-PA and data for their cis/trans content, 
isomerization and oxidation are presented and 
discussed. Limited data for trans-PA obtained by 
thermal isomerization of cis-rich PA in high 
vacuum are given as well. 

q;?t 
The kinetics of oxidation and cis-trans isome- 

f 
In this paper IR and Raman spectra of cis-rich 

EXPERIXENTAL 

Films gf cis-rich L-PA were prepared as described 
earlier , by isothermal or non-isothermal polymeri- 
zation of acetylene with NaBH4-Co(N03)2 as catalyst. 
All-trans samples were obtaiged by annealingoof 
cis-rich films in vacuo ( 1 0  mm. Hg) at 150 C for 
1 hr.IR spectra of films applied on KRS-5 (mixed 
crystal of TlBr-T1I) windows were measured using 
Karl-Zeiss UR-20 spectrometer. Raman spectra were 
taken on the spectrometer Coderg LRDH-800,recorded 
and accumulated using the PDP-11 computer in the 
Tracor system. 

exposure of the samples to ambient air at room 
temperature in the absence of light. 

All oxidation experiments were carried out by 
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ON THE CONFIGURATION AND OXIDATION OF (CH), 125 
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F I G U R E  1 .  I n f r a r e d  and Raman s p e c t r a  of ( C H ) x  
ob ta ined  by L u t t i n g e r ' s  c a t a l y s t  
a )  I n f r a r e d  spectrum of c i s - r i c h  L-PA 
b )  Raman spectrum of c i s - r i c h  L-PA a t  1330Ko 
c )  Raman spectrum of t r a n s - r i c h  L-PA a t  1 7 3  K 

RESULTS AND D I S C U S S I O N  

I R  and Raman s p e c t r a  of  L-PA f i l m s  a r e  shown i n  
Fig. l .They are i d e n t i  a t o  t h e  cor responding  
s p e c t r a  of S-PA f i l m s c r 4 .  I t  w a s  found t h a t  t h e  
c i s / t r a n s  ( i8ntent  determined by t h e  procedure of 
I t o  e t  a l .  , depends on t h e  t h i c k n e s s  of  t h e  
f i l m s  ob ta ined .  Lower c i s - c o n t e n t  w a s  always 
observed i n  t h i c k e r  areas than  i n  t h i n n e r  p a r t s  
of t h e  same f i l m .  Under i so the rma l  (-80°C) o r  non 
i so the rma l  po lymer i za t ion  c o n d i t i o n s  t h e  h i g h e s t  
c i s - c o n t e n t  of  about  85-90% w a s  ob ta ined  when t h e  
f i l m  t h i c k n e s s  w a s  approximately 2-3 pm o r  lower .  
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126 L. TERLEMEZYAN and M. MIHAILOV 

It was found t h a t  t h e  c i s - c o n t e n t  dec reases  t o  
70-75% on i n c r e a s i n g  f i l m  t h i c k n e s s  up t o  about  
4 0  pm. This  t r e n d  of i n c r e a s i n g  t r a n s - c o n t e n t  wi th  
i n c r e a s i n g  f i l m  t h i c k n e s s  i n  t h e  exothermic poly-  
mer i za t ion  of  a c e t y l e n e  probably i s  due t o  t h e  
more i n t e n s i v e  l o c a l  supe rhea t ing  of t h e  c a t a l y s t  
s o l u t i o n  i n  t h i c k e r  l a y e r s .  

Accordigg t o  I t o  e t  al . ' ' ,  S-PA ob ta ined  a t  
-18OC and 0 C e x h i b i t s  c i s - c o n t e n t  of about  95% 
and 7 9 % ,  r e s p e c t i v e l y .  Ev iden t ly ,  when L u t t i n g e r ' s  
c a t a l y s t  w a s  used under  our  exper imenta l  condi- 
t i o n s ,  PA wi th  h ighe r  t r a n s - c o n t e n t  w a s  ob ta ined  
a t  cons ide rab ly  lower t empera tu re .  

t r ans -con ten t  determined by t h e  I R  procedure i n  
L-PA t o  be due t o  t h e  format ion  of  t - c  isomer.  
The c a l c u l a t e d  t o t a l  e n e f y i e s  of c - t  and t - c  
isomers  are very  s i m i l a r  , i . e .  t h e  p r o b a b i l i t y  
of format ion  OE both  less s t a b l e  i somers  is n e a r l y  
equa l .  I n  c a l c u l a t i o n  of t h e  c i s / t r a n s  c o n t e n t  
us ing  absorbances of t h e  C-H out-of-plane de fo r -  
mation bands,  t h e l s - c  isomer should be ass igned  
t o  t h e  t r a n s  form , whereas i n  X-ray and e l e c t r o n  
d i f f r a c t i o n  measurements of t h e  c r y s t a l l i n e  
s t r u c t u r e  t h i s  isomer should be isomorphous wi th  
t h e  c - t  form and ought  t o  be r e l a t e d  t o  c i s  
c r y s t a l l i n e  l a t t i c e .  Sin76 t h e  r e f l e c t i o n s  charac-  
t e r i s t i c  o f  t h e  t r a n s  PA , are miss ing  i n  t h e  
X-ray d i f f r a c t i o n  p a t t e r n s  o f  ou r  samples 
con ta in ing  up t o  3 0 %  t r a n s  form determined by t h e  
I R  p rocedure ,  it f o l l o w s  t h a t  t h e  popu la t ion  of 
t -c  isomer i n  c i s - r i c h  L-PA i s  probably l a r g e r  
t han  t e popu la t ion  of t-t isomer.  Haberkorn 
e t  a l .  reached t o  s i m i l a r  conc lus ions  f o r  50% c i s  
L-PA powder. 

The changes i n  c i s - t r a n s  r a t i o  of c i s - r i c h  
L-PA f i l m s  i n  argon and under o x i d a t i o n  c o n d i t i o n s  
were fol lowed by ch n es i n  abso r  ances  ( A )  of t h e  
I R  bands a t  7 4 0  cm-' znd 1 0 1 4  cm-' c h a r a c t e r i s t i c  
of c i s  and t r a n s  P A ,  r e s p e c t i v e l y .  I n  c o n t r a s t  t o  
t h e  r e s u l t s  of Gibson and Pochan f o r  S-PA, w e  
have found t h a t :  ( a )  t h e  semi logar i thmic  p l o t s  of 
A / A  v s .  exposure t i m e  t o  ambient a i r  i n  t h e  
a&$&nc??O&? both a i r  and l i g h t  were n o t  l i n e a r  
( F i g . 2 ) ;  and ( b )  t h e  dec rease  i n  c i s  c o n t e n t  
(F ig .3 )  and i n  c i s / t r a n s  r a t i o  (F ig .2 )  i n  argon 
i s  much s lower than  i n  a i r .  Furthermore,  a s  shown 

It i s  p l a u s i b l e ,  however, t h a t  t h e  h ighe r  
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ON THE CONFIGURATION AND OXIDATION OF (CH), 127 

0.04. 

0.02. 

0.01 . ' .  . 1 " .  . . . . . . 

FIGURE 2 .  l o g  (A74p/A1 O a t )  of L-PA ( i n i t i a l l y  70% 
c i s )  v s .  exposure i m e  room tempera ture  i n  t h e  
absence of l i g h t  
( 0 )  ambient a i r ;  ( 0 )  argon)  

i n  F i g . 3 ,  i n  t h e  i n i t i a l  s t a g e s  (up t o  5 0  h r s )  
t h e  i n c r e a s e  i n  t r a n s  con ten t  i n  a i r  i s  h ighe r  
t han  i n  a rgon .  From t h e s e  r e s u l t s  fo l lows  t h a t  
oxygen i n c r e a s e s  t h e  c i s - t r a n s  i s o m e r i z a t i o n  r a t e .  

The semi logar i thmic  p l o t  of of PA 
i n i t i a l l y  70% c i s  v s .  exposure t i m e  t o  ambient 
a i r  (F ig .4 ,  curve  1 )  i s  comprised of two l i n e a r  
regimes t h e  break p o i n t  occur ing  a t  about  200  h r .  
The c i s - c o n t e n t  d e c r e a s e  i n  t h e  f i r s t  r e g i o n  
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128 L. TERLEMEZYAN and M. MIHAILOV 

0 100 200 300 LOO 

Time (hrs) 

F I G U R E  3 .  and A of L-PA ( i n i t i a l l y  7 0 %  
c i s )  v s .  exposure t i m k O A t  room tempera ture  i n  
t h e  absence of l i g h t  
( 0 )  and ( x )  - ambient a i r ;  ( 0 )  and (I) - argon;  

i s  determined by two p a r a l l e l  r e a c t i o n s  - isomeri-  
z a t i o n  and o x i d a t i o n .  The ra te  i n  t h e  second,  
lower s l o p e  r e g i o n  i s  probably due mainly t o  
o x i d a t i o n  of t h e  c i s  isomer.  

I n  t h e  p l o t  of log(AlOl4) v s .  exposure t i m e  
t o  ambient a i r  of t h e  same sample (F ig .4 ,  curve 2 )  
t h e  i n i t i a l  s h a r p  i n c r e a s e  of t h e  t r a n s - c o n t e n t  
due t o  i s o m e r i z a t i o n  i s  fol lowed by l i n e a r  r e g i o n  
( a t  about  2 0 0  h r )  where t h e  ra tes  of i somer i za t ion  
and o x i d a t i o n  are  e q u a l ,  i . e  
The s l o p e  of t h e  n e x t ,  f i n a l  r eg ion  matches t h e  
s lope  of  l o g ( A l O l 4 )  of trans-PA sample (98% t r a n s )  
v s .  exposure t i m e  t o  ambient a i r  (F ig .4 ,  curve  3 ) .  
There fo re ,  t h i s  f i n a l  r eg ion  could  be a s s igned  
mainly t o  o x i d a t i o n  of trans-PA. 

d e r a n d / d t  = 0 .  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
20

 2
1 

Fe
br

ua
ry

 2
01

3 



ON THE CONFIGURATION AND OXIDATION OF (CH), 129 
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F I G U R E  4 .  l og (A740)  and log (A1040)  of L-PA 
v s .  exposure t i m e  t o  ambient a i r  i n  t h e  absence 
of l i g h t  a t  room tempera ture  
I(.) and 2 ( x )  - i n i t i a l l y  70% cis;  3(A,)-98% t r a n s  

Comparing t h e  f i n a l  s l o p e s  of curves  1 and 2 
i n  F i g .  4 w e  can suppose t h a t  probably t h e  oxi -  
d a t i o n  of t h e  c i s - i somer  proceeds  with h i g h e r  r a t e  
t h a n  t h e  o x i d a t i o n  of lower energy  t rans- i somer .  

I n  a d d i t i o n ,  t h e  k ine t ' i c s  of o x i d a t i o n  of  c is-  
r i c h  L-PA dur ing  exposure t o  ambient a i r  w a s  
fol lowed by changes ip absorbances gf t h e  I R  bands 
a t  1665 c m  I ,  1 7 2 0  c m  ' and 3450 c m  
d,P-unsatura$ed ke ton ,  d -d ike ton  and OOH+OH g roups ,  
r e s p e c t i v e l y  . Semilogari thmic p l o t s  of reduced 
absorbances v s .  t i m e  (F ig .  5 )  are  comprised of 
t h r e e  l i n e a r  regimes o f  p seudo- f i r s t -o rde r ,  t h e  

a s s igned  t o  
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~ 

- 

O'O' 200 600 lo00 1400 1800 2200 2600 
Time (hrs) 

FIGURE 5 .  l og ( reduced  a b s o r b a n c e s )  of L-PA 
( i n i t i a l l y  7 0 %  c i s )  v s .  exposure t i m e  t o  ambient 
a i r  a t  room tempera ture  i n  t h e  a b s e n c e  of l i g h t  

( 0 )  1 6 6 5  cm-';  ( 0 )  1 7 2 0  c m - ' ;  ( x )  3 4 5 0  c m - ' ;  

A Z 6 5 = 0  , 5 6 0  A1Y20=0 , 4 8 0  AY450=0 , 4 8 0  

S L 0 P E S, h r - I  (base e )  ----------- - -___________ 
0-200 h r  200-1200  h r  1200-2700  h r  

( 0 )  1 6 6 5  cm:; 3 , 6 1 . 1 0 I z  1 , I  7 .  - 3  2 ,55 .101 :  
( 0 )  1 7 2 0  c m - l  1 , 6 3 . 1 0 - 3  7 , 2 8 . 1 0 - 4  4 , 2 0  . I  0-4 
( x )  3 4 5 0  c m  1 , 1 0 . 1 0  7 , 3 9 . 1 0  3 , 4 1  . I 0  

break p o i n t s  occur ing  a t  about 200  h r  and 1 1 5 0  - 
1 2 5 0  h r .  T h e  va lues  of t h e  slopes of t h e  t w o  
former l i n e a r  r eg ions  are comparable t o  those 
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ON THE CONFIGURATION AND OXIDATION OF (CH), 131 

ob ta ined  f o r  oxidat4on of  S-PA i n  d ry  a i r  i n  t h e  
absence of UV l i g h t  . This  two r e g i o n s  could  be 
a s s igned  t o  "sur f  ace" and "bulk" ox idas ion  of PA 
f i b r i l s  accord ing  t o  Gibson and Pochan . The 
t h i r d  l i n e a r  r e g i o n  i n  our  p l o t s  could be 
exp la ined  by r e t a r d i n g  of o x i d a t i o n  i n  l a t e r  
s t a g e s  due t o  sharp  dec rease  of o x i d i z i n g  s i tes  
and p o s s i b l e  s t e r i c  h indrance  of ke to-  and 
hydroperoxy- groups formed. 

p o i n t s  a t  about  200  h r  i n  t h e  carbonyl  absorbances 
(F ig .  5 )  and i n  cis-  and t r a n s -  isomer absorbances 
(F ig .  4 ) .  T h i s  i s  i n  agreement wi th  our  assumption 
f o r  t h e  h ighe r  o x i d a t i o n  r a t e  of t h e  c i s - i somer .  

It should be noted t h e  i d e n t i t y  of t h e  break  

CONCLUSIONS 

- Cis-content  i n  L-PA dec reases  on i n c r e a s i n g  
f i l m  t h i c k n e s s .  
- Popu la t ion  of t - c  isomer i n  c i s - r i c h  L-PA i s  
probably  l a r g e r  t han  t h e  popu la t ion  of t-t 
isomer. 
- Oxygen i n c r e a s e s  t h e  c i s - t r a n s  i somer i za t ion  
r a t e .  
- The o x i d a t i o n  of t h e  c i s - i somer  probably  
proceeds  w i t h  h igher  r a t e  t han  t h e  o x i d a t i o n  of 
lower energy  t rans- i somer  . 
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