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Over the past few years, under independent research (unfunded), we have sought to
chemically functionalize suitably-sized CNTs such that they would spontaneously self-
assemble into three-dimensional nano-networks or form nano-clusters, depending on the
average and the maximum length of the tubes and on the chemistry of functionalization,
all of which can be controlled. The seed funding, via this grant, provided an opportunity
to continue the work and obtain very promising results.

Significant Work Accomplished:

As a guide to experimentally verifying the possibility of self-assembly, we have first
estimated the maximum length of single-walled carbon nanotubes (SWCNTs) so that the
ionic interaction forces could overcome the van der Waals forces when each end site of
the tubes terminates through an appropriate chemical linker with a carboxylate which is
then neutralized by a suitable cation, e.g., Na . In addition, assuming a self-assembled
nano-network consisting of CNTs interconnecting the ionic clusters, we have estimated
the average size of the clusters by balancing the osmotic and the electrostatic forces
within each cluster.

Guided by these estimates, the as-received SWCNTs are chemically purified, cut, and
filtered, selecting a sample of CNTs of lengths within the estimated range for creating a
nano-network, and another in the range for creating isolated nano-clusters. Both
samples are subjected to the same functionalization process, and then their final
microstructure is characterized by a scanning electron microscope (SEM). It is
discovered that the functionalized tubes do indeed self-assemble as was predicted.
Figure 1 exemplifies some of our preliminary results of successfully creating self-
assembled networks (left), and self-assembled nano-clusters (right).

Figure 1. Functionalizing CNTs to form nano-networks (left) and self-assembled nano-clusters
(right).
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