Study of covalent grafting of Fluorescein Isothiocyanate on double-walled carbon nanotubes
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Abstract

Over the past decades the popularity of Carbon nanotubes (CNTSs) rose drastically and made them the
subject of an intense research effort. Nowadays, new applications for CNTs are found each year,
leading to foresee an increase of their production and their use for new nanomaterials. Therefore, it
became not only legitimate but also necessary to study their toxicity and environmental impact.

The use of those CNTs always requires their dispersion which is generally obtained through their
functionalization. In the case of covalent grafting, the question of the competition between real grafting
and simple adsorption (also likely to happen) is very relevant and has never been really investigated in
a rigorous way. This question is however a central one in many current debates, and especially in the
field of nanotoxicology and biomedical applications [la-l] of CNTs, where their functionalization by
fluorophores is used to track the latter inside cells. The visualization of the fluorescence is then naturally
associated to that of the CNTs. However, fundamental questions are raised as there is no simple
evidence that a fluorescent molecule simply adsorbed onto a CNT will indefinitely stay there once inside
a cell. In order to answer those questions we chose to deeply investigate the covalent grafting of the
Fluorescein Isothiocyanate (FITC, fluorophore commonly used for toxicity studies) onto Double-walled
carbon nanotubes (DWCNTS) [2]. The aim of the work presented here is to fully understand the
mechanisms involved behind the three steps of the functionalization process (1- Carboxylation of the
DWCNTSs, 2- Grafting of 1,4-diaminobutane as a linker, 3- Grafting of FITC) [3][4], by using different
experimental techniques such as Transmission Electronic Microscopy, Raman spectroscopy, X-ray
Photo-electron Spectroscopy and Neutron Vibrational spectroscopy. The preliminary results obtained
with XPS and Neutron spectroscopy already seem to indicate that both covalent and non-covalent
grafting happen while the functionalization process. In addition to the combination of those techniques,
DFT calculations are performed, expecting deriving quantitative information and distinguish between
simple adsorption and covalent grafting for a given molecule.
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