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Carbon nanotubes represent one of the structural forms of carbon discovered in 1991 by
lijima [1]. Due to their rich mechanical and electronic properties as well as promise in many
applications, carbon nanotubes attract considerable research interest. Single-walled car-
bon nanotube (SWNT) ensembles and networks are potentially useful for high-performance
electronic sensor devices and transistors. However, the lack of non-destructive and direct
methods for distinguishing metallic and semiconducting SWNT's directly on substrates re-
mains major obstacle in the controlled production of SWNT-based logic devices [2].

Recent experimental studies of Dr. Lain-Jong Li et al indicate that the Au-coated AFM
tip exhibits stronger adhesion force with metallic SWNTs compared with semiconducting
ones, thus allowing a simple, fast and non-destructive differentiation between metallic and
semiconducting nanotubes using scanning probe microscopy [3]. The adhesion force mea-
surements allow to completely distinguish between metallic and semiconducting SWNT's
with the diameter ranging from 1.4 to 1.8 nm (Figurel) since there is no overlap in the force
histograms for metallic and semiconducting SWNTs. However, for the SWNTs with smaller
diameters (1.0 to 1.4 nm), the Au tip is not able to fully differentiate them, because the
adhesion force overlaps in the force region of 7 to 10 nN. Notably, semiconducting SWNT's
consistently exhibit low adhesion force (less than 10 nN) regardless of the diameter. By
contrast, the adhesion force for metallic SWNTs has a wide distribution. Minor part of the
smaller diameter metallic SWNTs exhibit low values of the adhesion force, which overlap
with those of semiconducting SWNTs.

We calculate the interaction of gold atom and small gold clusters with metallic and semicon-
ducting SWNTs using Density Functional Theory (DFT) in order to understand the nature
and strength of the binding between them. The CASTEP code [4], which solves the standard
Kohn-Sham equations using plane wave basis sets, has been employed in all calculations. For
the exchange correlation energy term the Generalised Gradient Approximation (GGA) has
been used in the form of the Perdew-Burke-Ernzerhof (PBE) functional [5]. Ultrasoft pseu-
dopotentials were generated using the ”on-the-fly” formalism in CASTEP.

The optimised configurations of Au atom and the Auyy cluster [6] interacting with metallic
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(8,8) SWNT and semiconducting (14,0) SWNT are shown in figures 2a-d.

These two SWNTs have similar diameter of about 11 A. The calculated optimised separa-
tions between the cluster (and atom) and SWNTSs indicate that the Au - SWNT separation
is consistently shorter in the case of the interaction with metallic SWNTs, with particularly
significant difference in the separation values for gold atom, which indicates the strong bond-
ing interaction of gold atom with metallic SWNTs. In all cases, larger separation distances
were obtained for the interaction with semiconducting SWNTs predicting weaker Au-C in-
teraction. The calculated binding energies confirm that the interaction of Au atom and Auyg
cluster is stronger with metallic SWNTs than with semiconducting SWNTs. The difference
in the strength of the binding becomes more profound for the SWNT's with larger diameters.
Mulliken population charge analysis has been carried out to estimate the charge transfer
between Au atom and SWNTs. The charge transferred to metallic SWNTs is significantly
larger than that to the semiconducting SWNTSs, consistently showing that the Au atom has
stronger interaction with metallic SWNTs. The calculated density of states (DOS) confirmed
the nature of the interaction of gold with metallic SWNTs.

In conclusion, Au exhibits stronger interaction with metallic SWNTs through the charge
transfer to SWNTs. The interaction differences between Au-metallic SWNT and Ausemi-
conducting SWN'T can be distinguished by direct imaging of the adhesion force mapping
on substrates using scanning probe microscopy. This provides a potentially useful and ef-
ficient method for characterization of the electronic type of individually dispersed SWN'Ts,
low-density networks or aligned SWNT's, which have been considered promising in electronic
applications.

This computational part of this research has been funded by EPSRC-GB Career Accelera-
tion Fellowship awarded to EB and the High Performance Computing (HPC) facility at the
University of Nottingham.
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Figure 1: Histograms of the adhesion force for Au tip for different diameter range of SWNT: (a) 1.0-1.2; (b)
1.2-1.4 nm, (c¢) 1.4-1.6; and (d) 1.6-1.8 nm.
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Figure 2: Optimized structures of the interacting systems consisting of (a) Au atom and (8,8) SWNT; (b)

Au atom and (14,0) SWNT; (c) Augg cluster and (8,8) SWNT; (d) Augg and (14,0) SWNT obtained using
DFT.
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