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Nanotubular architectures are the topic of intense investigations S wZ
as channels,sensors, reinforcers in polymer materiafsliquid = H~N° "iNf
crystals? nanowires,and medical implant materiaidn the absence Hoy sy Ay A 2 m
of an external stimulus, these materials will be randomly oriented, ' N o
thus affecting their bulk and nanoscopic properties. Microcontact iy on E

TR T
(CNTs), and it was shown that their anisotropic electrical and L
thermal conductive properties depend on the degree and directionFigure 1. G A C modulesl and2 and molecular model of self-assembled
of their alignmen#2 While most of this work focused on CNTs, ros?tte (middle) and RN (right) obtained frahshowing the electrostatic
organic nanotubes, particularly those obtained through seh‘-as-Sur ace.
sembly?13 remain unexplored. 3
The heteroaromatic bicyclic base/GC undergoes hierarchical j
self-assembly in water to form a six-membered supermacrocycle §°

printing,” magneti€ and electri@ fields, lithographic techniqués, ixe it oo ":1.] \}‘31:,{
and directional flow methodswere used to orient carbon nanotubes b

8 nm
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properties® Although maintained by weak intermolecular forces, A
these RNs can reach several micrometers in length on carbon-basec_ "‘ f
or Si/SiQ, surfaces. Their kinetic stability, processability, high

aspect ratio, and chemical tunability offer numerous opportunities
for applications in molecular electronics. A key step toward this £:3
goal is to develop reliable methods for the long-range organization '\','
of these materials on surfaces such that their properties can be fully

derived from module4 and2 using directional flo#* and (b) the
effect of the surface on their morphology and stiffness. f;" 2
The self-assembly of RNs has been previously established using s-.g:{;y
transmission electron microscopy (TEM), dynamic light scattering, =~
small-angle X-ray scattering, circular dichroism, and s ?ﬁufFZI\/.I _Negatively ;t_?ér_\ed '?EM "}!Cfogéaglqs (Skt):al.e b:?o nmr)] andIf
melting studleé? Figure 2 .ShOWS TEM and A.F M lm_ages of assemblylgnﬂ?%’isar(l?jnB)lanld% (OC r;(r)\r(;aDl?.n'?EM se?rr?pItggn\/?/erer(;)r:]e:JaereSde by
randomly oriented RNs obtained fratrand2 featuring a diameter i fioating, and the AFM samples were prepared by spin coating (see
of 3.4+ 0.3 nm, in agreement with the computed value of 3.5 nm.  Sypporting Information for detail). Arrows point at individual RNs.
To align these nanotubes on a hydrophilic surface, al3@rop
from a 1 mg/mL aqueous solution was deposited on a silicon its degree depended on the nature of the self-assembling module,
substrate bearing a native oxide layer (Si/giQresulting in the flexibility of the resulting RNs, and the chemical nature of the
immediate wetting of the surface. The substrate was then orientedsurface. In general, 1D objects are more readily aligned when their
vertically, and the fluid was allowed to flow under gravitational ~contour lengthL is smaller than their persistence lendgh An
force. After the water was allowed to slowly evaporate, the surface effective way to improve the alignment of flexible structures>
was imaged by tapping mode-atomic force microscopy (TM-AFM). [,) is by increasing their concentration, such that their lateral and
Figure 3 shows RNs aligned with the direction of the solution’s rotational translations are minimized and their longitudinal transla-
flow. Comparison of Figures 2 and 3A,B shows that the directional tion is maximized as a result of packing. Thus, as anticipated, the
flow method (&) induces dramatic morphological changes, (b) aligns alignment of RNs from a 510 mg/mL solution ofl was im-
the RNs along the direction of the flow, and (c) eliminates the proved although at the cost of significant bundling (Supporting
formation of bundles and reduces entanglement. This result is Information).
attributed to the self-assembled nature of this material; the shear To test the effect of the substrate’s chemical properties on the
forces may lead to reversible breaking of the RNs, which then directional flow method, the RNs were aligned on a SifSiO
undergo self-assembly in an ordered fashion along the flow path. substrate coated with poly(methyl methacrylate) (PMMA). Due to
Although the alignment was prevalent across the entire substrate the hydrophobic nature of PMMA (water contact anglé63.0 +
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15 nm 10 nm ammonium groups with the PMMA methylester groups, and/or (c)
' a higher propensity to form bundles to counteract the surface tension
exerted by PMMA.

On the basis of these results, long-range alignment of RNs is
feasible and demonstrates that the directional flow method is a
reliable strategy for achieving long-range order of self-assembled
dynamic nanostructures. Given the chemical tunability of the RNs’
surface properties and relative ease of assembly, this system offers
unique opportunities to probe the effect of substratanotube
interaction on the alignment process and electrical properties of
. : the RNs. This work, along with other alignment methods (micro-
250m  omm 25 nm contact printing, electric fields, microfluidic systems, lithographic

5um

E/f' i techniques) on various surfaces (gold, titanium, graphite, mica),
and molecular modeling studies will be reported in due course.
a| ,/; Acknowledgment. We thank NSERC, NRC, and the Uni-
\ versity of Alberta for supporting this program, and Dr. Motkuri

Kishan for generating the molecular models. J.G.M. thanks NIH
(GM55146-08) for a graduate fellowship.

Figure 3. TM-AFM images of aligned RNs obtained frothand 2 on ; : ; . : ;
Si/SiQ and PMMA-coated Si/SiQshowing the surface effects on the dj:{ppOll'tI:g Infor_lr‘_r;]gtlon tAv.allla.bIe. .Fxbplenfmemil c:]etalls gndth
aggregation behavior and degree of alignment of the RNs. (A) RNs ( additional migures. IS material Is available Iree of charge via the

aligned on Si/SiQ (B) RNs @) aligned on Si/SiQ the inset is a negatively Internet at http:/pubs.acs.org.
stained SEM micrograph of the same sample (scale=hb@0 nm). (C)
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