NITROGEN ATTACHEMENT TO MULTIWALL CARBON NANOTUBES BY LOW PRESSURE RF PLASMA
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Multi-wall carbon nanotubes, due to their unique physical and chemical properties, are candidates for promising application in various areas ranging from novel structural materials, field emission devices and ending up as pharmaceutical ingredients. Many of these applications require some kind of surface modification of the tubes. In this work commercial (Nanocyl) multiwall carbon nanotubes (MWCNT-s) were treated by RF activated N2 plasma at room temperature. Treatment time of 5 to 10 minutes was applied at negative bias in the 0–300 V range. Surface chemical alterations were followed by X-ray photoelectron spectroscopy (XPS). All the applied treatments resulted in a significant build-up of nitrogen in the surface of MWCNT-s. Interestingly, the nitrogen attachment was also significant (20 atomic %) when the treatment commenced without bias. Evaluating the high-resolution N1s XP spectral region, typically three different chemical bonding states of the nitrogen was delineated. Peak component at 398.3 ± 0.3 eV is assigned to C=N–C type, at 399.7 ± 0.3 eV to sp2 N in melamine-type ring structure and at 400.9 ± 0.3 eV to N substituting carbon in a graphite-like environment [1-3]. Identical chemical bonding of the nitrogen was detected on the surface of highly oriented pyrolytic graphite (HOPG) and on microcrystalline graphite surfaces treated in the same way for comparison. Estimating the penetration depth of the nitrogen atoms by the SRIM code it was concluded that the implanted nitrogen is incorporated in the top 1–3 atomic layers of the samples. A model for the distribution of the chemically bonded nitrogen on the sidewalls of the CNT-s is proposed, based on the MultiQuant evaluation program [4].
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