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A combined study of electronic absorpt ion data and 
Resonant Raman spectra yields valuable information 
on the structure and electronic properties o f  con- 
ducting polymers. The role of the electron-phonon 
interaction in determining the absorption bandshape 
and the Resonant Raman intensi t ies  i s  discussed. A 
case of weak (cis-polyacetylene) and strong (polyio- 
dide chains) electron-phonon interaction i s  conside- 
red and a few results concerning the applications of 
the Resonant Scattering t o  investigate the nature of 
the band gap i n  polyacetylene and the structure o f  
polyiodide chains i n  iodine-doped polymers are brie- 
f l y  reported. 

INTRODUCTION 

Resonant Raman ( R R )  Spectroscopy can play a major role i n  
investigating the electronic properties and the structure 
of conducting and semiconducting polymers and their dop- 
ants. 

Electronic absorption bandshapes and RR in tensi t ies  
can be conveniently studied w i t h i n  t h  

yields analytical expressions for  bo th  the absorption coef- 

ramework of the 
theory of Resonant Secondary Emission 81 f . This formalism 

t Work partially supported by I ta ly  (CNR)-USA binational 
programs. 
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f i c i e n t  and the  Raman E x c i t a t i o n  P r o f i l e  (REP), which a re  
t rea ted  i n  a s e l f  cons is ten t  way. A combined study of the  
absorption and Raman spectra can there fore  provide quant i  - 
t a t i v e  in fo rmat ion  on phonons, e l e c t r o n i c  t r a n s i t i o n s  and 
t h e i r  mutual i n te rac t i ons .  

I n  t h i s  note we g i ve  a b r i e f  o u t l i n e  on the  t h e o r e t i -  
ca l  approach used and p re l im ina ry  r e s u l t s  f o r  the case o f  
c i  s-polyacetylene and po ly iod ide  chains are  presented. The- 
se systems represent two examples o f  weak and strong e lec-  
tron-phonon (e-p) i n t e r a c t i o n  respec t ive ly .  

THEORY 

I n  our approach we t r e a t  the ground and exc i ted  e l e c t r o n i c  
s ta tes  involved i n  the  o p t i c a l  absorpt ion and i n  RR scat- 
t e r i n g  as two loca l i zed  l e v e l s  f o r  which there  i s  no d i -  
spersion i n  the  wavevector space. Moreover on l y  l i n e a r  e-p 
i n te rac t i ons  are considered. Phonon anharmonic i n t e r a c t i o n s  
and phonon d ispers ion  a re  phenomenologically taken i n t o  ac- 
count through the l i new id th  o f  the v i  b ron ic  states.  

f unc t i on  o f  the  l a s e r  frequency i nvo l ve  some parameters 
(V,  the l i n e a r  e-p i n te rac t i on ,  Mug, the e l e c t r o n i c  d ipo le  
ma t r i x  element,%, the  e l e c t r o n i c  frequency i n  the r i g i d  

can be obtained from the ana lys is  o f  the  absorpt ion spec- 
trum. 

We g i ve  here on ly  the  f i n a l  expressions f o r  the  absor- 
p t i o n  c o e f f i c i e n t  and the  RR i n t e n s i t i e s  f o r  the  case o f  
the e lec t ron  i n t e r a c t i n g  w i t h  on l y  one d ispers ion less  pho- 
non mode. A complete d e r i v a t i o n  o f  these formulae, together 
w i t h  the approxima @rjf imp l i ed  i n  our model can be found 
i n  previous papers 

i ) - - - -  Weak coup l ing  

The f i n a l  expressions fo r  the RR cross sec t ion  as a 

l a t t i c e  approxima ! i o n  and &,the v ib ron ic  l i new id th )  which 

Two l i m i t i n g  cases can occurr :  

The absorpt ion spectrum cons is ts  o f  a few v ib ron ic  l i n e s  
general ly w e l l  resolved. The absorpt ion c o e f f i c i e n t  i s  g i -  
ven by: n 

a@)= ?.J7ir?IP) (1 )  

w h e r e n i s  the frequency o f  the  l i g h t  beam, N(R) i s  the 
r e f r a c t i v e  index and: 
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RR SCATTERING OF CONDUCTING POLYMERS [ I  16911137 

This  equation i s  v a l i d  o n l y  i n  the  low-temperature l i m i t  
and/or when h igh  energy phonons are  invo lved,  as i n  the  
case o f  c is-po lyacety lene whicg we w i l l  discuss l a t e r .  S 
i s  t he  Huang-Rhys fac to r  ( S=V /a2), V i s  the l i n e a r  
e-p coupl ing constant a n d n o i s  the  zero-phonon frequency. 
This equation describes a sum of i n d i v i d u a l  v i b r o n i c  t ran -  
s i t i o n s  of Lorentz ian l ineshap , c n t e r  d a t  f l = q o + h W  

The correspond’n RR cross sec t i on  fo r  the  kth Stokes 

d u d 4  

whose i n t e n s i t y  i s  g iven by (V 5 / w  5 .  ) e -! /n! . 
process i s  g iven by 137 : 

-= & 1M” 

where : 

i i )  - - _ _ -  Strong coue l i ng  - 

I n  t h i s  case the  absorpt ion spectrum cons is ts  o f  a broad 
s t ruc tu re less  band, whose h a l f w i d t h  i s  much l a r g e r  than 
t y p i c a l  phonon frequencies and t h e i r  1 inewidth.  The in ten -  
s i t y  d i s t r i b u t i o n  can be approximated by a Gaussian curve, 
which i s  the  envelope func t ion  of t he  Fy l t iphonon proces- 
ses tak ing  p lace  i n  the exc i ted  s ta te (  . I n  t h i s  case we 

W being the  ha l fw id th  of t h e  absorpt ion band and%,js the  
absorpt ion frequency corresponding t o  the  band peak (Frank 
-Condon energy). Mug 2,Qu and M2 represent  the  zero, 
f i r s t  and second moment of t h e  d i s t r i b u t i o n  g i  en i n  eq.5. 
The zero moment i s  the o s c i l l a t o r  s t reng th  Mu !! and i t  i s  
r e l a t e d  t o  the  i n teg ra ted  area of t he  band, t t e  f i r s t  mo- 
ment corresponds t o  the  energy of the  Frank-Condon t r a n s i -  
t ion ,  the  second moment M i s  r e l a t e d  t o  the  e-p coupl ing,  
and hence t o  the  h a l f w i d t t ,  through eq.6. 
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1384 11701 L. PISERI, R. TUBINO and E. MULAZZI 

The same parameters are also responsible for the 
excitation profile of the RR scattering, whose cross sec- 

4 
F(d,P;&) being the hypergeometric function. 

APPLICATION TO CONDUCTING POLYMERS 

i ) - Polyace - -  txlgngs 

The electronic absorption spectrum and the RR scattering 
spectra of polyacetylenes contain a number of features, 
whose interpretation i s  s t i l l  controversia 

sorption edge, continuum absorption which is typic 
onset of band-band transitions and i t s  RR spectrum!i)oii:he 
plays weak overtone scattering, whose intensity rapidly de- 
cays w i t h  the order of the process. 

um o f  the cis 
isomer shows a resolved vibronic structur €4 ue t o  the back- 
bone phonons (c-c and c=c stretching) interacting with the 
excited electronic state. I ts  RR spectrum ditylays a long 
sequence of overtones and combination bands (superimpo- 
sed t o  a strong luminescence background) of the two funda- 
mentals, similar t o  the multiphono cattering series ob- 

In order t o  account for the different behaviour of the 
optical and f e electrical properties of the two isomers, 
some author 4 8  ave postulated the formation of localized 
exciton states i n  the cis isomer upon i r r a d i a t i o n .  The pro- 
blem o f  the RR scatter* from localized excitons i n  semi- 
conductors 

t ions has been given i n  the previous section. 
In  the following we present the results of the calcu- 

lations of the absorption cofficient (eq.2) and o f  the RR 
overtone scattering (eqs,3,4) for the cis polyacetylene ba- 
sed on this simple model, namely a l o c n z e d  exciton inte- 
r ac t ing  with two dispersionless phonon modes. 

In particular the - trans isomer exhibik!above the ab-  

On the other hand the absorption spe 

served i n  inorganic semi conductors 14 . 

vious paper !!!as and a brief outline of the relevant equa- 
been already treated i n  details i n  a pre- 

The proper sh i f t  of the phonon frequencies (a1:1251 
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RR SCATTERING OF CONDUCTING POLYMERS [ I  171]/139 

--+ 976 cm-l and G) 2:  1541 --5 1470 cm-l) upon deu te ra t i on  
has been considered i n  our ca l cu la t i ons ,  as a v a i l a b l e  
ewer imen ta l  data on ly  i nc lude  absorptiEp spect ra(4)  f o r  
the  hydrogenated and Raman Sca t te r i ng  f o r  t he  deutera- 
ted  polymer respec t ive ly .  

RR s c a t t e r i n g  ca lcu la ted  on the  bas is  o f  the  model desc r i -  
bed above are compared w i t h  the  experimental da a. The 

cm-1 , f i=X?=450 cm . The zero phonon l i n e  has beek-taken 
a t  16 70 cm 1 according t o  the  experimental data. 

It can be no t iced  t h a t  the  absorpt ion spectrum i s  re -  
produced f a i r l y  we l l  by the  ca l cu la t i on ,  apa r t  from minor 

I n  f i g u r e  1 and 2 the  absorpt ion c o e f f i c i e n t  and the  

f o l l o w i n g  parameter2,have been used: V1=800 cm- t , V -550 

c 
V 
a. .- c 
c 
b 
a 

a 
5 
n n 

a 

c 

c 

C 
U 

Q 

FIGURE 1 Experimental (a )  and ca l cu la ted  (b )  e l e c t r o n i c  
a bsorp t i  on spectrum o f  - c i  s- pol  yacety  1 ene . 
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1404 1 1721 L. PISERI, R. TUBINO and E .  MULAZZI 

discrepancies i n  the high-frequency t a i l  of the spectrum. 
Also the rather erratical  intensity ditribution of the 
mu1 t ip le  order Raman scattering experimentally observed, i s  
properly accounted for by the theory (see f ig .3) ,  whose 
predictions could be better checked when more complete 
experimental da t a  will become available. 

scattering have been observed also in gaseous I (BTmt:d i n  
(3 carotene. According to  our model th i s  behavigur can oc- 
curr whenever the laser l i g h t  i s  in resonance w i t h  resol- 
ved vibronic structures (namely scattering from phonon sta- 
tes which have long l ifetime),  while a regular decrease of 
the R R  intensit ies with the order of the process i s  expec- 
ted for  scattering from an absorption continuum, as  i n  the 
case of trans-polyacetyl ene. 

Erratical intensit ies of the mu1 t i p l e  order 

EXPT 

- cn 
2 
W 
I- 
E 

CALC. 
z 
U 
I 
U 
a 

FIGURE 2 Experimental ( a )  and calculated ( b )  overtone 
scattering of cis-polyacetylene a t  514.5 nm. Notice: i )  
the difference F s c a l e  i i )  the experimental da ta  have n o t  
been corrected by the luminescence background 
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RR SCATTERING OF CONDUCTING POLYMERS [ I  173]/141 

n Wl - w2 ---- 
2 W '  I..... . 

w,*w2 -.-. 

FIGURE 3 RR i n t e n s i t i e s  o f  se lected overtone and combi- 
na t i on  bands o f  c is-po lyacety lene as a f u n c t i o n  o f  t he  
e x c i t i n g  f requency ,  

The o v e r a l l  good agreement between the  experiments and the- 
se p re l im ina ry  r e s u l t s  seems prov ide support t o  t h e  hypo- 
thes i s  o f  the  format ion o f  l o c a l i z e d  e x c i t a t i o n s  i n  - c i s -  
polyacetylene, when v i s i b l e  1 i g h t  i s  absorbed. 

i i )  Po ly iod ide  chains - - - - - -  - - -  

RR s tud ies  h ve been performed i r labora to ry  on s ta rch-  
12 and I2 doped (SN), ? l 8 Y .  We summarize here on- 
l y  a few re levan t  r e s u l t s .  

Po ly iod ide  chains g i ve  r i s e  t o  broad s t ruc tu re less  ab- 
so rp t i on  bands, whose ha l fw id th  i s  l a r g e r  than t y p i c a l  pho- 
non frequencies (s t rong e-p coupl ing) .  The b lue  s ta rch- io -  
d ine complex and iodine-doped p o l y s u l f u r n i t r i d e  (SN)  
polyacety lenp (CH)x e x h i b i t  two s t rong fundamentals hc.110 
a n d e l 6 0  cm- , which show s e l e c t i v e  RR enhancement, as the  
l ase r  frequency i s  tuned across the  v i s i b l e  reg ion.  

The ca l cu la t i ons  based on the  theory p rev ious l y  sket -  
ched account f o r  t h i s  behaviour, which has some s t r u c t u -  
r a l  imp l i ca t i ons  on the  chromophore contained i n  a l l  these 
compounds. 

and 
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An exhaust ive t reatement  of systems conta in ’ng  
i o d i d e  chains can be found i n  o u r  prev ious papers 7 2 , 1 sg’;, 
which we r e f e r  f o r  any f u r t h e r  d e t a i l .  
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