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Study and preparation of soluble polyaniline (PAn) are important for both science 
and technology. PAn can be synthesized chemically op electrochemically in acidic 
media and can be oxidized and reduced in both aqueous and non-aqueous 
electrolytes. The structure of the various states of PAn is conceived as being a 
mixture of leucoemaraldine, emeraldine, and their protonated forms /1/ . Recently, 
the fractal structure of the PAn film surface has been evidenced 121.  

In this note, we present an extended study of the resonance Raman scattering 
together with an investigation of the X-ray diffraction for various forms of PAn. 
The observed behaviours of the spectra can be well understood in terms of the 
quinoid-benzoid transition 13 I , disorder and fractal structure, respectively. 
Soluble PAn samples were synthesized chemically in acidic media of PH = 1 to 2 

/ 4 1 .  For Raman spectral measurements PAn pellets using soluble PAn powder were 

used. The Raman spectra were measured at room temperature by using a 

Jobin-Yvon T-800 laser Raman spectrometer with photon counting system and a 90' 
scattering configuration was adopted. Excitation was by an argon ion laser with 

488.0 nm. 
The X-ray diffraction trace is taken with CuKa radiation and the result is 

shown in Fig. 1 for the soluble PAn sample. The 3.174(d-value) peak appears only 
as a shoulder at the dominant 3.587(d-value) peak. The X-ray diffraction trace 
indicates that the crystallite size is smaller than the amorphous region. The soluble 
?An pellet clearly showed the amorphous character of more local structure. The 

experimental results also indicate that the crystallinity of non-soluble PAn is much 
larger than that of soluble PAn. 

In Fig. 2 two strong Raman lines at 1609.5 and 1192.9 cm-' (or  at  1612.2 and 
1187.7 cm-l) are observed and are assigned to modes of benzene rings. The Raman 

-1 
peaks of curve B are sharper than curve A and the Raman peak'in the 1100 cm 
region shifts towards lower energy, but that in the 1600 cm-l region shifts 
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Fig. 1. X-ray diffraction pattern of the soluble PAn sample 
Fig. 2.  Raman spectra of PAn as excited with 488.0 nm: (A) soluble, ( B )  non- 
soluble 

towards higher energy. These results are in agreement with Fig. 1. The broad 
peaks are due to disordering of soluble PAn (see Fig. 2 and 4 ) .  The shapes of tha 

Raman spectra were observed to depend strongly on the disorder of the sample. In 

the high frequency region, the Raman lines are slightly shifted because of the 
increase of the concentration of benzenoid rings and the resonance enhancement 
1 3 ,  51. 

The low frequency Raman spectrum of soluble PAn with 488.0 nm laser 
excitation is shown in Fig. 3 .  The spectrum shows only the broad intense band 
wound 57.5 cm-l. Based on the fractal theory I61 Shuker and Gammon 171 and 
Alexander et al. 181 set up a theoretical basis for solving this kind of problems, 
predicting that the experimental intensity I(w) of light scattering is given by 

I (w)  = bJ"'f[L) + 11 . (1) 

Here v'= (d/D)(2dg + D) - 2, o is the frequency shift, n(w) ,+ 1 is the Bose 
factor for Stokes scattering, D is the Hausdorff dimension of the fractal, d is the 
spectral or  fracton dimension, and d$ is a geometrical exponent describing the 
localization in real space. In Fig. 4 the normalized intensity, i.e. I ( w ) w /  [n(w) + 
13 is represented in double-logarithmic coordinates from 30 to 100 cm-l. In this 
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Fig. 3 .  Low frequency Raman spectrum of soluble PAn as excited with 488.0 nm 

Fig. 4. Plot of ln[I(u)u/(n(w) + l)] versus lnw' for w varying between 30 and 
100 crn-l for soluble PAn; v = 0.86 f 0.05 

region the normalized Raman scattering intensity obeyed the equation 

~ ( w ) u /  [n(u) + 11 u" , ( 2 )  

where u = (d/D)/(Zd$ + D )  - 1 is the slope of the straight line and it was 

experimentally found that v = 0.86 ? 0.05. If the values of d@ and D are chosen, 

d is obtained from the experimental value of v .  We point out that the intensity of 
the Raman light scattering from localized vibrational modes in PAn molecule chains 
is expressed as  a function of frequency shift,  fractal and spectral dimensions. 

This work shows for the first time that the low frequency Raman scattering reveals 
clearly the fractal structure of disordered soluble PAn materials which is well 

explained in terms of a fracton description of localized vibrations. 
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