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INFRARED ABSORPTION PUZZLES I N  POLYACETYLENE AND 
POLY (PYRROLE) 

DEJAN RAKOVI C 
F a c u l t y  o f  E l e c t r i c a l  Eng ineer ing  PO Box 816, 
11001 Belgrade, Yugoslav ia  

IVAN B O f O V l C  
I n s t i t u t e  o f  Phys ics PO Box 57, 11001 Belgrade,  Yugoslav ia  

SEDA A. STEPANYAN and LEV A.  G R I B O V  
Department o f  Phys ics,  T im i ryazev  Academy, 
125008 Moscow, U . S . S . R .  

A b s t r a c t  T h e o r e t i c a l  i n f r a r e d  ( I R )  a b s o r p t i o n  s p e c t r a  have 
been computed f o r  v a r i o u s  models o f  t r a n s -  and c i s - p o l y a c e -  
t y l  ene, pol y (p-phenyl ene) and p o l  y (py r ro1e ) .  S u r p r i  s i n g l  y , 
some supposedly s t r o n g  bands a r e  m i s s i n g  i n  t h e  observed I R  
a b s o r p t i o n  spec t ra .  

I n f r a r e d  ( I R )  and Raman spec t ra  o f  many polymer , i n c l u d i n g  

those w i t h  extended a - e l e c t r o n  c o n j u g a t i o n ,  have been s u c c e s f u l l y  

i n t e r p r e t e d '  on t h e  b a s i s  o f  t h e  f o l l o w i n g  t h e o r e t i c a  

(a) a s i n g l e  cha in  i s  cons ide red  which i s  i n f i n i t e ,  extended and 

t r a n s l a t i o n a l  l y  p e r i o d i c ;  (b)  t h e  e l e c t r o n s  and t h e  n u c l e i  a r e  

decoupled a d i a b a t i c a l l y ;  ( c )  anharmonic e f f e c t s  a r e  neg lec ted ;  

(d)  t he  f o r c e  cons tan ts  and the  e l e c t r o - o p t i c a l  parameters ( i  .e .  

d i p o l e  moments o f  t he  chemical bonds, and t h e i r  d e r i v a t i v e s  w i t h  

respec t  t o  the  n a t u r a l  coo rd ina tes )  a r e  assumed t o  be f a i r l y  l o c a l  

( i . e .  independent on the  s t r u c t u r a l  d e t a i l s  except  f o r  t he  l o c a -  

t i o n  and t h e  t ype  o f  the few neares t  ne ighbours ) ,  and hence they  

can be t r a n s f e r r e d  f rom smal l  molecules o f  a p p r o p r i a t e  s te reoche-  

mica1 s t r u c t u r e .  

model: 

A long these 1 ines we have computedL t h e o r e t i c a l  v i b r a t i o n  

spec t ra  f o r  po ly(p-phenylene)  and c i s - p o l y a c e t y l e n e  (and i t s  

299 

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

2:
48

 2
0 

Fe
br

ua
ry

 2
01

3 



300 D. RAKOVIC er d. 

ful ly-deuterated analog). A good agreement with the observed I R  

and Raman spectra is obtained, as seen in Figures 1 and 2. Hence 
one can reasonably view such polymers as simple concatenations of 
many identical structural elements. 

FIGURE 1 IR spectra of poly(p-phenylene). 

However, in the case of trans-polyacetylene, two pronounced 
non-additive effects appear in the (infinite) polymer, in contra- 
st to shorter oligomer: the frequencies of the two strongest re- 
sonant Raman bands (corresponding to the two “Peierls” modes) are 
lowered for % 1 0 - 1 5 % ~ * ~ ,  and the intensity of the supposedly stro- 
ngest IR absorption band (corresponding to the in-plane C-H ben- 
ding mode) is dramatically reduced4, see Fig. 3. Strong electron- 
phonon coup1 ing is be1 ieved to cause both effects (In support of 
the latter conclusion, let us remark that (i) we have utilized 
the force and electrooptical fields obtained with extreme care, 
by solving the generalized inverse spectral problem for trans- 
and cis-hexa-1,3,5-trienes and their 2,3,4,5-tetra-deutero analo- 
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INFRARED rirry 
( MPERIMEMAL ) A 

FIGURE 2 Vibrational spectra of cis-polyacetylene 

FIGURE 3 Vibrational spectra o f  trans-polyacetylene 
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302 D. RAKOVIC d al. 

guess, and ( i i )  exper imental ly,  the in-plane C - H  bending v 

ons are indeed s t rong ly  I R  a c t i v e  i n  t r a n s - h e ~ a t r i e n e . ~ ) .  

To acquire some add i t i ona l  informat ion,  we have stud 

I R  absorpt ion spectra o f  po l y (py r ro le ) ,  bu t  some surpr ises  

out again. The in-plane C-H bending i s  s t rong ly  IR-act ive,  

d icted; however, the supposedly strong band a t  %1700 cm , 
the in-plane N-H bending, i s  not observed i n  poly(pyrro1e) 

i t  i s  seen i n  poly(N-methyl py r ro le )  . 

- 1  

6 
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