Anglies nano struktiry tyrimas CARS mikroskopijos metodu

Investigation of carbon nano-structures by CARS microscopy
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In the recent years the composites or hybrid material
based on graphene and carbon nanotube (CNT) have
become a subject of extensive studies. At the same time,
although the significant progress in the development of
various techniques for the synthesis of CNT-graphene
hybrid structures and composites has been achieved, the
problem of separation of CNT and graphene in the final
composition comprising both of them, as well as
recognition of their spatial distribution are still
challenging problems for many applications [1]. One of
the most widely used methods for these purposes is the
optical microscopic imaging using Raman scattering as a
contrast mechanism. Coherent analog of spontaneous
Raman scattering or coherent anti-Stokes Raman
scattering (CARS, a particular case of four-wave mixing)
can be applied to characterize CNT and/or graphene. It is
worth noting that major contribution in the graphene
CARS spectra is electronically enhanced the nonresonant
background. At the same time, the contribution of the
vibrational component to the four-wave mixing seems to
be much smaller than electronic one. Due to Fano
resonance nature [2], in this case at the resonance
frequency a “dip” appears in the CARS spectrum instead
of a “peak”. In this work we provide the systematic
analysis of the possibilities to separate tiny amounts of
CNTs deposited on the surface of CVD graphene by
CARS spectroscopy. Furthermore, we propose the
mapping algorithm which can be used for future
characterization of CNT-graphene hybrid systems.

The “peak” and “dip” for SWCNT and graphene
respectively, observed at the resonance frequency of G-
band complicate their separation in imaging using CARS
Spectroscopy [3]. This stimulates the search of an
algorithm enabling separation of component in
CNT/graphene composite system. The imaging only at
1585 cm-1 does not allow to separate components. We
have demonstrated that two images are necessary for this.
While an imaging at 1610 cm-1 gives direct mapping of
graphene revealing its specific pattern, the identification
of CNT requires images at both frequencies. The
differential image was obtained by subtracting the image
at 1610 cm-1 from the image at 1585 cm-1 disclosing the
distribution of CNT and suppressing graphene. This
approach allows separate imaging of CNT and graphene
in CARS microscopy and can be useful for future
characterization of novel hybrid composite materials.
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1 pav. (a) Image of a CNT/graphene system obtained at
1585 cm!. Point #1 and point #2 have the same
brightness while corresponding spectra (b) at resonance
frequency show “peak” and “dip”, respectively.
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