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SWNT nano-engineered networks strongly increase charge transport
in P3HT
Nicolas Boulanger,a Junchun Yua and David R Barbero,∗a
Received Xth XXXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

We demonstrate the formation of arrays of 3D nanosized networks of interconnected single-wall carbon nanotubes (SWNT) with well defined dimensions in a poly-3hexylthiophene (P3HT) thin film. These novel nanotube
nano-networks produce efficient ohmic charge transport,
even at very low nanotube loadings and low voltages. An
increase in conductivity between one and two orders of
magnitude is observed compared to a random network.
The formation of these nano-engineered networks is compatible with large area imprinting and roll to roll processes, which makes it highly desirable for opto-electronic
and energy conversion applications using carbon nanotubes.
Carbon nanotubes and polymer composites have recently
emerged as a new class of materials with enhanced electrical and/or mechanical properties. In particular, due to their
exceptional charge transport, single walled carbon nanotubes
are becoming increasingly attractive as additives in semiconducting polymers such as the widely used P3HT for next
generation of hybrid and organic photovoltaic devices. 1–6 Recent advances in this field have shown that ultrafast charge
transport readily occurs at the interface between SWNTs and
P3HT. 7–9 The nanotubes act as highly efficient charge transport pathways, between the P3HT interface and an electrode.
However, one important condition for efficient and optimal
charge transport is the ability to form a continuous (percolated) network of interconnected tubes between the two interfaces. This aspect has often been overlooked, and several
studies have shown that current methods used to form nanotube networks for electronic applications result in random
networks with non-optimal charge transport. 10 The methods
typically used to form random networks are spin-coating or
drop casting from solution, and they result in non-controlled
tube interconnection, and in nanotube positioning which is
random and not necessarily reproducible (see Fig. 1A). Controlled dispersion of the nanotubes and formation of a continuous (percolated) network of interconnected tubes inside a
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polymer matrix is important for better charge transport and
reproducible electrical properties. We have recently demonstrated a new method which enables the formation of continuous SWNT networks in well ordered nanoscale domains, as
shown in Fig. 1B and 1C. 11 The high degree of control provided by this method results in nano-engineered networks with
much increased charge transport. In this letter, we demonstrate
that such nano-engineered networks strongly enhance charge
transport in a P3HT matrix compared to a random network
produced by spin-coating over a wide range of nanotube loadings. By varying the concentration of tubes, we show that efficient charge transport occurs at all concentrations, even at very
low nanotube loading, much below the percolation threshold
(φc ) typically reported in P3HT. Moreover, we find that the
charge transport mechanism is very different in the two types
of networks, with the nano-networks producing ohmic conduction, and a high conductivity at all concentrations and even
at low voltages. A high nanotube loading has often been seen
as the most important parameter for efficient charge transport
and to obtain high conductivity in nanotube composites. We
instead show that the nanoscale interconnectivity of the nanotubes inside the composite is the main factor which influences charge transport, and that high loadings in random networks still produce less efficient conducting pathways compared to nano-engineered networks with much lower concentrations of tubes. Solution processed methods such as spincoating or drop-casting require much higher concentrations of
nanotubes in order to render the composite conductive. This
increases materials costs, but it also increases the probability
to create bundles which have been shown to decrease charge
transport and lower device performance. 12,13
By increasing the nanoscale interconnectivity of the tubes
inside the nano-network, we were able to strongly reduce the
concentration required (much below the percolation threshold previously reported) for forming efficient charge transport
pathways. Charge transport in P3HT was strongly enhanced
at all concentrations compared to a random network produced
by traditional solution based methods. The low amount of
SWNT used reduces bundling and provides an economical solution for electronic applications because much lower amounts
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