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On the Resonant Raman spectrum and the excitation profile 
of the charge-transfer molecular adduct between (CH ) S 

3-2- 
and Iodine. 

* 
by Rosario Sergio Cataliotti , Giulio Paliani and Sergio 

Santini 

Dipartimento di Chimica, Laboratorio di Chimica Fisica 

dell'Universit8, Via Elce di Sotto, 8 - 06100 Perugia, 

Italy. 

Abstract 

Resonance Raman spectrum of the molecular complex 

between (CH ) S and Iodine in CC1 is reported. The 
resonance enhanced Raman peaks have been studied as a 
function of the exciting laser frequency and the RR ex- 
citation profiles (RREP) have been derived. Peculiar 

features in such RREP curves are presented and discussed. 
Resonant Raman Spectroscopy (RRS) has been used in the 

3 2  4 

last few years in order to obtain information on the exci- 

ted electronic states of various molecules L1-51. This 

information is normally derived from the study of the exci- 

tation profiles (intensity of the RR lines, versus the 

frequency of the 

to the lifetimes 

of these states, 

[6 ,7] . 

exciting laser lines), and is referred 

of the excited states, to the geometry 

to the vibronic coupling process, etc. 

* to whom correspondence should be addressed. 
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Studies on the Iodine molecule have become an object 

of actual interest 18-11] because this molecule is being 

used as an impurity in the doping of some organic semicon- 

ductors like, for example, polyacetylene. The role played 

by I2 in the excited state of the molecular interaction 

state of these systems is not yet well understood. It can- 

not be excluded however, that the state of molecular in- 

teraction is a charge-transfer state where I2 participates 

as an acceptor of electronic charge. 

Organic sulphur compounds give rise to very stable char- 

ge-transfer complexes with iodine as the acceptor and have 

"inter alia" large and intense electronic absorption maxima 

between 4 0 0  and 5 0 0  ,111  p 2 - 1 5 1 .  

It is possible therefore to excite the RR spectrum with 

commercial ion lasers having Argon as the exciter. 

The aim of this note is to present some preliminary 

results we have now obtai.ned on the RR spectrum of the mo- 

lecular adduct between (C:H ) S and I in carbon tetrachlo- 

ride, 
3 2  2 

The excitation profiles of the lines at 5 3 5  (Ql), 6 1 4 , 5  

(02) and at 1 0 8 7 , 5  (u ) of the (CH ) ST,, complex in carbon 3 3 2  '. 
tetrachloride were determined using an HG 2s .Jobin Yvon 

Raman spectrometer equipped with a Spectra Physics Model 

1 6 4 - 0 6  Argon laser, SEA photon counting electronics and 
a Laben Model 8004 multichannel analyser. All spectra were 

run using a rotating cell, the laser beam being collimated 

at the edge of the cell., in order to avoid back absorption 

by the sample of scattered photons. The laser power was 

4 5  mW at the sample and the spectral slit width was 18 cm . 
The intensities of the v,, V2 andV3 lines were measured 

from peak heights relat.ive to the 4 5 9  cm line of CC1 

and corrected using the relationship: 

-1 

-1 
4 

where I(V) is the peak height of the relevant RR line at 
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Table 1 - Corrected relative intensities ( S )  of the RR 

lines of (CH ) SI for different laser lines a) 
3 2  2 

Laser line Fundamental 

(nm) 3 1  3 2  9 3  

514.5 

5 0 1 . 7  

4 9 6 . 5  

4 8 8 . 0  

4 7 6 . 5  

4 7 2 . 7  

4 6 5 . 8  

4 5 7 . 9  

0 . 6 8 2 0 . 0 6  

0 . 6 6 2 0 . 0 5  

0 . 6  9 2 0 . 0 2  

0.8120 . 0 3  

0 .7  3 2 0 . 0 2  

0 . 7  7 2 0 . 0 8  

0 .79+0 .09  

1 . 0020 . 05  

0 . 8 1 ~ 0 . 0 4  

0 . 7 6 2 0 . 0 2  

0 . 8 8 2 0 . 0 3  

1 . 0020 . 0 4  

0 . 8 0 2 0 . 0 4  

0 . 8 8 2 0 . 0 8  

0 . 9 2 2 0 . 0 8  

0 . 9 8 2 0 . 0 5  

0 . 5 9 2 0 . 0 5  

0 . 5 7 2 0 . 0 3  

0 . 5 6 2 0 . 0 3  

0 . 8 4 2 0 . 0 3  

0 . 7  3 2 0 . 0 2  

0 . 7  420 .08 

0 . 8 5 2 0 . 0 9  

1 .OO-O. 0 4  

a) The most intense line for each fundamental mode was 
assigned an intensity of unity. The uncertainty limits 
are one standard deviation. 

the frequency,I), 1 ( V  ) is the peak height of the solveni; 

line, used as internal standard, at frequency0 . The in- 
tensities relative to unity for the three lines are given 

in table 1. 

The visible electronic spectrum of (CH ) SI was mea- 
sured at a concentration of 2.10-4M of the complex in 

CC1 using a Perkin-Elmer Model 5 7 2  Coleman spectro- 

photometer and cells of 10 mm path length. 

0 0  

0 

3 2  2 

4 ’  

Fig. 1 shows the R R  spectrum in CC1 of the adduct 
0 4 

recorded with the 4 8 8 0  A radiation of the Argon laser. 

Fig. 2 shows the electronic absorption and part of its 

RR excitation profile. This part is the one which it 

was possible to obtain with the eight lines available 

with o u r  laser. It is apparent from Fig. 2 that the 

RREP curves of the resonance-enhanced -d 1 ,  $2 and G3 

lines of the Raman resonant spectrum follow the low 
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4 
F l g .  1 - R e s o n a n t  Haman S p e c t r u m  o f  ( C H , )  SI ~n C C 1  

3 2  2 

f r e q u e n c y  s i d e  o f  t h e  a b s o r p t i o n  c u r v e  o f  t h e  adduct :  

q u i t e  w e l l ,  as i t  i s  e x p e c t e d  i f  t h e  r ' esonance  c o n -  

d i t i o n s  are a t t a i n e d .  

The v i b r a t i o n a l  s p e c t r u m  o f  t h e  d o n o r  Dimethylsu1 . -  

p h i d e  has b e e n  r e p o r t e d  by v a r i o u s  a u t h o r s  [16-19 . 
When t h e  adduct  i s  f o r m e d ,  e v e n  i f  t h e  donor- 1s u s e d  

i n  larze a m o u n t s  i n  o r d e r  t o  s t a b i l i z e  t h e  c h n r g c - t r a n -  

s f e r  i n t e r a c t i o n  a n d  a v o i d  f r e e  1 at t h e  e q u i l i b r i u m ,  

no Haman p e a k s  f r o m  t h e  d o n o r  arc o b s e r v e d .  T h u s ,  t h e  

Q 1 ,  Q2 a n d  9 
s i g n e d  as Raman l i n e s  o f  t h e  c o m p l e x ,  w h i c h  p r o b a b l y  

6 ,  Q,, a n d $  c o r r e s p o n d  t o  t h e  '$ 

m o l e c u l e "  o f  t h e  d o n o r  L16-J. The f r e q u e n c y  s h i f t  i s  now 

a t t r i b u t e d  t o  t h e  c o m p l e x  f o r m a t i o n  p r o c e s s  a n d  t o  t h e  

v i b r o n i c  c o u p l i n x  d u e  t o  t h e  r i s o n a n c e .  

2 

p e a k s  i n  t h e  a c t u a l  RR s p e c t r u m  a re  as- 
3 

m o t i o n s  o f  t h e  " f r ee  
5 

The most i n t e r e s t i n g  f e a t u r e  i s  t h e  p r e s e n c e  i n  t h e  

H R E P  c u r v e s  o f  t h e  c o m p l e x  of  a s m a l l  r e l a t i v e  m a x i -  
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1.0 

I(a.u.  

0 . 8  

0.6 

0.4 

0.2 

A =  1087.5 cm-' 

A =  535 .0  cm-' 

.=  6 1 4 . 5  cm-' 

550 nm 350 400 4 50 500 

F i g .  2 - Electronic absorption spectrum and RR excitation 

profiles of (CH, ) , , S l  in C C 1  
3 L 2 4 

mum at ca. 490 nm, which can be attributed to a fine 

structure of the profile of the so called "perturbed 

iodine" electronic transition of these complexes. This 

maximum falls near a shoulder (ca. 473 nm) of the ab- 

sorption band and, according to the well known beha- 

viour found in the molecular' iodine spectra, is sub- 

ject in the RR experiments to a red shift f rom the po- 

sition of the relevant electronic absorption(58-10]. 
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Such feature reveals the powerful capacity, f o r  the 

RREP spectroscopy, to bring to light high resolution de- 

tails, even more than those revealed by the electronic 

absorption spectra itself (Fig. 2). In fact, the shoulder 

at ca. 473 nm can be due to a vibrational progression 

term of the electronic transition of the complex, which 

appears not well resolved in CC1 solution. Vibronic cou- 

pling due to the resonance produces in the RREP curves 

an amplification of the intensity and the red shift deter- 

mines its separation from the maximum of the profile itself. 

Work is now in progress in our laboratory [2O], on the 

4 

nature of these effects and on the theoretical computa- 

tion of the RREP curves f 'or  a large series of stable ad- 

ducts between organic sul.phur compounds and iodine. 
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