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Bundles of carbon nanotubes produced by the electric arc 
method  (since 2000)



  

Bunch of 8 
single wall 

carbon 
nanotubes

  K. Balzuweit,  
L.O.Ladeira,  

 S. Oliveira
      

Physics Department   
  UFMG

The electron microscopy 
work has been performed 
with the JEM-3010 ARP 
microscope of LME/LNLS-
Campinas. 



  

Purification: the procedure should be optimized for each batch and it depends on the 
which functional groups are required and what the sample will be used for.

Before purification : 30% of nanotubes After purification : 90% of nanotubes

Purification of carbon nanotubes



  

High polarizability of the nanotube wall
- van der Waals interaction with high energy bond:  
~ 500 eV per µm of tube-tube contact 

-bundles might contain hundreds of nanotubes 
bound together 

Dispersion  and functionalization of carbon nanotubes

DMF NMP
C. A. Furtado et al. JACS 126(19), 6095 (2004)

TT / HCl H2O2 / HCl TT / HNO3

50% 70% 90%



  

Carbon NanotubesSeparation and controlled deposition of carbon 
nanotubes in functionalized substrates 



  

Synthesis of isolated carbon nanotubes by CVD



  

RIE system for high 
definition corrosion

Synthesis of isolated carbon nanotubes suspended 
between pillars 



  

Resonant Raman Spectroscopy Laboratory, DF-UFMG

-Triple monochromator        
DILOR XY coupled to an 
optical microscope

-Ar-Kr laser

-Tunable laser systems (Dye-
and Ti:Sapphire)  pumped by 
an 9 W Ar laser



  

Van Hove singularitiesand optical 
transitions in carbon nanotubes



  

Raman spectrum of a carbon nanotube

Radial 
breathing 
mode (RBM)

Disorder 
band

Intermediate 
modes

Tangential band G
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(n,m) structural characterization of a carbon nanotube
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C. Fantini et al., 

Phys. Rev. Letters, 93, 147406 (2004)



  

Resonant Raman scattering of the intermediate 
frequency modes in carbon nanotubes 

ω+
IFM = ωO+ ωA = ωO+ vA q

ω−
IFM = ωO - ωA  = ωO- vA q

     vA  = 2.2 x 104 m/s 
(sound velocity in graphite)

C. Fantini et al.,  Phys. Rev. Letters,  
vol. 93 (8), 087401 (2004) 



  

Raman scattering in graphite nanoribbons 

L. G. Cançado et al.,  

Phys. Rev. Letters,  vol. 93(4), 047403 (2004) 



  

Raman scattering in graphite edges

AFM

STM

zigzag 
edge

armchair 
edge

L. G. Cançado, M. A. Pimenta, B. R. A. 
Neves, M.S.S. Dantas , A. Jorio,  

Phys. Rev. Letters, vol. 93, 247401 (2004)



  22ex EE = ω211ex −= EE ω−= exPL EE CE =ex

11PL EE = 11PL EE =

Electronic transition 2-phonon jump Raman line hot electron emission

Photoluminescence of carbon nanotubes wrapped on DNA

S. G. Chou et al.,  

submitted to Phys. 
Rev. Letters  (2004) 
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