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BASIC  PHYSICAL  PROPERTIES  OF  SINGLE-WALLED CNs 
Brillouin zone structure and longitudinal conductivity 
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EXPERIMENTAL ELECTRON ENERGY LOSS SPECTROSCOPY 
(EELS) SPECTRA OF SINGLE-WALLED CARBON NANOTUBES 

 

T.Pichler, M.Knupher, M.Golden, J.Fink, A.Rinzler, and R.Smalley, PRL 80, 4729 (1998) 
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SOLUTION  TO  THE  DISPERSION  EQUATION 
(exact diagonalization of the total Hamiltonian) 

 

I.V.Bondarev, L.M.Woods and K.Tatur, Phys. Rev. B 80, 085407 (2009) 

EXAMPLE: 
 

     (11,0) CN with the lowest bright exciton 
     parameters from the Bethe-Salpeter eqn  
     [from Spataru et al, PRL 95, 247402] 
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How to couple excitons to interband plasmons ?  
Quantum Confined Stark Effect in a Perpendicular Electrostatic Field 

I.V.Bondarev, L.M.Woods, and K.Tatur, Phys. Rev. B 80, 085407 (2009) 
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INCREASED  ELECTROMAGNETIC  ABSORPTION  DUE  TO  
PLASMON  GENERATION  BY  OPTICALLY  EXCITED  EXCITONS 

 

I.V.Bondarev, Phys. Rev. B 85, 035448 (2012)  
I.V.Bondarev & T.Antonijevic, Phys. Stat. Sol. C 9, 1259 (2012) 

 

Low 
temperatures 

Room 
temperatures 
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QUANTUM  CONFINED  STARK  EFFECT  AND                                    
BEC  OF  EXCITON-PLASMONS  IN  INDIVIDUAL  NANOTUBES 

 

I.V.Bondarev and A.V.Meliksetyan, Phys. Rev. B 89, 045414 (2014) 

F 

Exciton-plasmon 
dispersion relation 

×5.4 eV 

I.V.Bondarev, PRB 85, 035448 (2012) 
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Upper-Branch Exciton-       
Plasmon Fraction Condensed 

( )1 1( = 0) 1 -Z Cn k = n T T

Critical Temperature 
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POSSIBILITY  FOR  EXCITON  BEC  BY  MEANS  OF  
CONTROLLED  COUPLING  TO  INTER-BAND PLASMONS         

(via the Quantum Confined Stark Effect) 

Exciton Ratio Condensed 

1
( )( = 0)
( )Z

Exciton
Plasmon

Nn k
N

I.V.Bondarev, PRB 80, 085407 (2009) 
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EXPERIMENT & THEORY 
Charged and Neutral Excitonic Complexes in Confined Semiconductors 

Role of Quantum Confinement 
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RECENT  EXPERIMENTS 
Charged and Neutral Excitonic Complexes in CNs 

 

B.Yuma et al., Phys. Rev. B 87, 205412 (2013) 
L.Colombier et al., Phys. Rev. Lett. 109, 197402 (2012) 

R.Matsunaga et al., Phys. Rev. Lett. 106, 037404 (2011) 

Also trion binding energy of 150 meV reported 
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BIEXCITON 
Biexciton Binding Energy within the Landau-Herring Approach 

 

Landau, Quantum Mechanics;  C.Herring, Rev. Mod. Phys. 34, 631 (1962) 
MODEL developed:   I.V.Bondarev, Phys. Rev. B 83, 153409 (2011) 
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TRION 
Trion Binding Energy within the Landau-Herring Approach 

 

Landau, Quantum Mechanics;  C.Herring, Rev. Mod. Phys. 34, 631 (1962) 
MODEL developed:   I.V.Bondarev, Phys. Rev. B 90, 245430 (2014) 
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BINDING  ENERGY  DEPENDENCE  ON  THE  CN  DIAMETER,  
EFFECTIVE  MASS,  AND  DIELECTRIC  CONSTANT 

 I.V.Bondarev, Phys. Rev. B 90, 245430 (2014) 
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CNs in air [or in a dielectric, for the lowest 
excitation energy ground-state exciton only ] 
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(×5.4 eV) 

INTERBAND  PLASMONS  OF  CARBON NANOTUBES  ARE  
SIMILAR  TO  CAVITY  PHOTONS  IN  MICROCAVITY  SYSTEMS 

 

I.V.Bondarev & Ph.Lambin, Phys. Rev. B 72, 035451 (2005); 
also Ch.6, pp.139-183 in “Trends in Nanotubes Research” (Nova Science, 2006) 

 

(×5.4 eV) 
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Plasmon Emission                                              Plasmon Absorption 
  ħωs = ħωi  – ħωp                                                                 ħωs = ħωi  + ħωp 

ħωi                                                        ħωs                               ħωi                                                        ħωs           

LIGHT  SCATTERING  BY  A  TWO-LEVEL  EMITTER  COUPLED  TO  
AN  INTERBAND  PLASMON  RESONANCE 

 

Schematic  illustration 
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PLASMON  ENHANCED  RAMAN  SCATTERING  EFFECT 
FOR  AN  ATOM NEAR  A  CARBON  NANOTUBE 

 

Raman scattering cross-section. Enhancement  factor 

, ,cos zi s i sθ = ⋅e e

~
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SUMMARY 
 
  NANOOPTOPLASMONICS WITH PRISTINE AND HYBRID QUASI-1D SYSTEMS. Examples outlined: 
     (1) controlled absorption due to plasmon generation by optically excited excitons in individual CNs; 
     (2) quasi-1D exciton BEC in individual semiconducting CNs due to the exciton-plasmon coupling 
           controlled by a perpendicular electrostatic field applied [∼1 V/nm, T<100 K experimentally 
           accessible, opens up perspectives to develop coherent polarized light source with CNs];   
     (3) Landau-Herring approach to uncover relative stability peculiarities for lowest energy excitonic 
           complexes in quasi-1D semiconductors:  trions are more stable in strongly confined quasi-1D 
           structures with small reduced electron-hole masses; biexcitons are more stable in less confined 
           structures with large reduced electron-hole masses [spintronics & nonlinear optics in quasi-1D]; 
     (4) plasmon enhanced Raman scattering near CNs [single molecule/atom/ion detection, precision 
           spontaneous emission control, optical manipulation, …]; 
     (5) more to come (optical nonlinearities & transport in hybrid CNs, BEC in double wall CNs, CN arrays)… 

  D.Drosdoff, I.V.Bondarev, A.Widom, R.Podgornik, & L.M.Woods, Phys. Rev. X 6, 011004 (2016)  
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