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Conclusion

We first found out, by means of Raman spectroscopy, a very weak interaction when 4T are inserted into metallic nanotubes. By contrast, a
significant charge transfer has been evidenced with semiconducting tubes. Thus, a detailed analysis of the Raman G and the 2D bands
before and after the oligomer insertion inside nanotubes suggests a n-type doping of the semiconducting nanotubes. Finally, IR spectrum
suggests a p-type doping of the oligomers trapped into nanotubes. In conclusion, both Raman and IR results are consistent with electron
charge transfer from 4T molecules to semiconducting nanotubes in 4T@NT samples.

Motivations : Hybrid system (4T@NT) consisting in oligomer (quaterthiophene derivative) inserted into single and multi-walled carbon 

nanotubes is studied.  Such hybrid system can display new and fascinating physical properties. They can play a crucial role for electronic  
and optoelectronic applications. Such oligomer have for example significant potential for competition with silicon in the photovoltaic 
devices, and it seems that carbon nanotubes can act as a good protection to increase the stability and the life time of these molecules.

Encapsulation

Sulfur atoms from the4T located between 
carbons atoms

(a) TEM image of a MWNT ; (d) EELS : Intensity profiles of C and S extracted 

from the C and S elemental maps in the region marked in Figure a

4T Molecules encapsulated inside nanotubes
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IR absorption spectroscopy

 4T-I2 similar behaviors 
as 4T encapsulated inside 
nanotubes 

P-type doping of 4T molecules
inside nanotubes

IR Spectrum : (blue) 4T ; (red) 4T@NT ; (grey) 
Different rate of 4T doping with iodine (1)

IR Spectrum Zoom: 4T (black) ; 4T@NT (red)

(1) J. Casado et al, J. of. Chem. Phys, 109, 10419, 1998

Raman spectrum of 2D-band (G’ modes)      Raman Spectrum (RBM and G-modes) of NT’s and 4T@NT 

Raman spectroscopy

Metallics carbon nanotubes  fig(a):
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Semi-conducting carbon nanotubes 
fig (b,c,d):

 Decrease of RBM intensity

 Significant G-modes shift consistants 
with a n-type doping of semi-conducting
nanotubes(2)
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 New contribution on low
energy side of 2D band

n-type doping of SC nanotubes(3)
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Charge transfer from 4T toward semi-conducting nanotubes (n-type doping)  in 4T@NT 


