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Nanoelectronics applications of single wall carbon nanotubes are strongly impeded by
the fact that synthesized carbon nanotubes (NT) have heterogeneous electronic
properties (metallic and semiconducting). It is possible to separate metallic and
semiconducting (m- and sc-) NT by a number of methods among which chemical
functionalization with diazoniums. Despite the importance of the diazonium coupling
route, the mechanism is still mostly unknown and has been the subject of very few
studies [1,2]. Indeed, diazonium reactivity has proved rich and complex, which renders
the mechanism elucidation difficult. Nevertheless, only a proper mechanistic
understanding of the reaction can bring tools to fine tune the reaction, hence allowing
the necessary fine balance between functionalization yield and preserved conductivity
[3], or an increase in m- vs sc-NT selectivity up to high enough levels for separation
purposes.

We investigated the mechanism of the reaction [4] using kinetic follow up by
spectroscopy and electron spin resonance (ESR). A free radical chain reaction is
evidenced without ambiguity. Metallic NT are shown to play an unexpected catalytic
role. The step determining the selectivity toward metallic NT is identified by a
Hammett correlation. A mechanistic model is proposed that predicts reactivity and
selectivity as a function of diazonium electrophilicity and metallic to semiconducting
CNT ratio.

Thanks to the detailed understanding of the mechanism, we propose a method to
significantly increase the selectivity of diazonium coupling to metallic NT. We
increase the selectivity from 4 with the best electrophilic diazonium to 13 with our
method [5]. This improved method impacts dramatically the electrical performances of
carbon nanotube field effect transistors (CNTFETS). Indeed, the fine tuning of the
reaction parameters allows achieving NT transistors with preserved high on state
current and high current modulation even for reduced channel lengths.
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Kinetics (left) of absorption peak decrease (m-NT at 688nm, red, and sc-NT at 940nm, blue) for the
reaction of SWNT with Bromo-benzenediazonium (Br-BDT) in aqueous solution. The inset (left) shows
absorption peak decrease during the réaction performed with intervals of 1 min. Compared the statistic
of modulation on several devices for unreacted and high selective functionalized NT (right).
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