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MOTIVATION

Defects and dopants provide an opportunity to engineer the
electronic and optical properties in carbon nanomaterials,
similar tfo semiconductor devices.

OBJECTIVE

Control and understand the influence of defects and dopants
on the physical properties of carbon nanotubes and graphene.

www.nano-optics.org



INFORMATION

SPECTROSCOPIC IMAGING
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WHY NEAR-FIELD SPECTROSCOPY ?
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NEAR-FIELD RAMAN SCATTERING
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3D CONFINEMENT OF SIGNAL

PRL 90, 95503 (2003)
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SERPENTINE NANOTUBES
(CVD grown)

E. Joselevich (Weizmann Inst.)
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NEAR-FIELD RAMAN IMAGING OF
SERPENTINE NANOTUBES

Confocal Raman: Near-field Raman:

PRL 103, 186101 (2009) 30 900 1200 O0 1 2 3 4
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THEORY OF NEAR-FIELD RAMAN SCATTERING
IN 1D SYSTEMS
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L. G. Cangado et al., PRL 103, 186101 (2009).



ENHANCEMENT OF RAMAN MODES
IN 1D SYSTEMS

detector

nanotube

..............................................................

...............................................................

Raman intensity (arb. units )

M + (A + pg)'0 200 220 240 260 280 300 320 340
P Wavenumber (cm™)

PRL 103, 186101 (2009)



ENHANCEMENT OF RAMAN MODES
IN 1D SYSTEMS
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ENHANCEMENT OF RAMAN MODES
IN 2D SYSTEMS ?
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TUBE-TUBE TRANSITIONS
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RBM 251 (SC):
(n,m) = (10,3)
d; ~ 0.94nm
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STRUCTURAL DEFECTS

(arc-discharge and HiPco tubes)

Confocal Raman: Near-field Raman:
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BORON-DOPED NANOTUBES

with A. M. Rao, Clemson University
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VARIATIONS IN PL SPECTRA
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LOCALIZATION OF DEFECTS
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RAMAN D-BAND
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Due to momentum conservation, the TO phonons giving rise to the D-band only
become Raman active if the electrons or holes involved in the scattering process
undergo elastic scattering by a lattice defect.
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D-BAND LOCALIZATION IN GRAPHENE

arXiv:0802.3709 (2008)
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D-BAND LOCALIZATION IN GRAPHENE
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D-BAND LOCALIZATION IN GRAPHENE
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DEFOCUSING TECHNIQUE

Measured D band Actual D band Point Spread Function (PSF)
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D-BAND LOCALIZATION IN GRAPHENE
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Coherent Nonlinear Optical Response of Graphene
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NONLINEAR FOUR-WAVE MIXING
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NEGATIVE REFRACTION WITH GRAPHENE

SIL—

arXiv: 1210.4563 (2012)
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PHOTOEMISSION FROM GRAPHENE
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CONCLUSIONS

NEAR-FIELD SPECTROSCOPY:

1) REVEALS PHONON (EXCITON) LOCALIZATION
2) OPTICAL MEASUREMENT OF ELECTRON COHERENCE LENGTH

3) NEGATIVE REFRACTION
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