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Here we describe the synthesis, self-assembly, and properties of A CieHasyy CigHas
the contorted hexabenzocoroneh@sBC) 1. We show that this CooHos®
material organizes into molecular stacks, and further that these
stacks organize into cables or fibérs. These cables are ordered
both on the molecular scale and on the supramolecular scale having
an orthorhombic unit cell of 5.8 nnx 4.5 nm x 0.45 nm. We
exploit this self-assembly process and the integrity of the resulting
long-range order through the use of an elastomeric stamp to pick cutta” 1 “Cuts 3. \ ey o
individual cables out of tangled mats and place them into electrical Figure 1. (A) Octa-substituted HBQ. (B) SEM of a mat of fibers grown
test structure$.This pick-and-place procedure yields field effect from dodecane solution df (inset: higher magnification micrograph).
transistors ® constructed from isolated nanoscale fibers. This study
utilizes the power of self-assembly to create highly ordered
nanostructured materials and develops a general method to ma-
nipulate and position them in devices.

Prior to this study, octa-substituted derivatives of the HBCs, such
as 1, had not been prepared, but their synthesis follows the
procedure developed for the tetrasubstituted versidriee strain
in the periphery of these compounds creates structures that are
bent1011significantly away from planarity. Experimental details
and spectroscopic characterization used for the synthedisaod
contained in the Supporting Information.

Unlike the material with four alkoxyl side chains, which shows
a columnar liquid crystalline phadalifferential scanning calorim-
etry (in the Supporting Information) fdr shows no evidence of a
mesophase. This compound does organize supramolecularly; it
forms crystalline fibers when its solutions in dodecane are : -
concentrated by evaporation. Adjusting the solvent, temperature, Figure 2. (A) TEM images of fibers ofl on a lacey carbon grid. (B) Higher
and concentration, we have coarse control over the dimensions ofmagnification image of an individual fiber. (C) Electron diffraction pattern
the fibers. A movie showing the self-assemblylointo fibers is from a single HBC fiber. (D) Rectangular arrangementlo{E) Packing
contained in the Supporting Information. The fibers shown in Figure ©f the columns into a fiber along treaxis.
1B were grown from dodecane (2 mg/mL) over the period of a
few days. Each of the fibers is200 nm wide, implying that a few
thousand molecular strands of 5 nm in diameter would pack to form
the nanostructures.

We used transmission electron microscopy (TEM), electron
diffraction, and powder X-ray diffraction to elucidate the structure

of the fibers. Figure 2A and B shows TEM micrographs of fibers o, 5 ssmetifurther modified by the alkane chains, consistent
grownon a lacey carbc_m grld. To circumvent the extreme Sensitivity \ iy the electron diffraction pattern, and an orthorhombic unit cell
of these fibers to the incident electrons, a CCD camera was used,; ., approximate dimensions of 6.0 NM4.5 nmx 0.45 nm was

to continuously record the diffraction patterns while the sample ;< rad. A full pattern fit using the program Winprépof the
was moved through the electron beam. Figure 2C shows an electrorboWder X-ray diffraction data gave a refined orthorhombic unit
diffraction pattern from asingle HBC fiber similar to the one in cell with dimensions o& = 5.8 nm,b = 4.5 nm, anct = 0.45 nm.
Figure 2B. The exposure time to record the pattern was 0.1 s. TheThe most intense peak corresponds to a spaahg 4.3 nm)
electron diffraction pattern features diffraction spots along three roughly the same as the long axis of the oval-shaped, HBC disk

I;r_1es|, indicsteccji_ byf(_kO), g‘lﬁl) ?gd th(El)a,WhiCh et>)<tend perﬁel?_- with its side chains fully extended. If we assume this reflection to
icularto the direction of the fiber. The distance between the lines ¢ 4 theb-axis of the orthorhombic lattice and further assign

gives the unit cell spacing along thexis (0.45 nm). If this distance
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is thes-to, intermolecular spacing, it is atypically large (typically
~3.5 A). The intermolecular nestling that is required for the
contorted core ofl to stack forces the arenes to offset from one
another in adjacent molecules, but théo-7 distance is signifi-
cantly less than 0.45 nm.

An overall pseudohexagonal arrangement of the HBC core is

the second most intense reflectiah=€ 1.8 nm) the index (220),
the remaining reflections in the diffraction pattern refine well.

T i i i . .
; Golumbia University, Laboratory Fibers have been formed from flat HB€4* prepared by Aida
8 Lucent Technologies. and co-workers. These materials organize into two-dimensional
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Figure 3. (A) Schematic of a FET from an isolated fiber. (B) Micrograph
of a device formed from an isolated fiber that spans Au (200 nm thick) on
Cr (5 nm thick) electrodes. The silicon wafer forms a back gate for the
device. (C) Transfer characteristidég = —50 V) and (D) transistor output.
Ve = 0and—24 V in 4 V steps. The electrical characteristics are for the
device pictured in (B).

is methodological, where we use elastomer stamps to pick-and-
place self-organized organic cables into devices. It would have been
difficult to study the former without the latter, as it would be
difficult to exploit the latter without a material liké. This method

is broadly applicable in materials chemistry for testing the properties
of individual, self-assembled organic nanostructures and the
elucidation of intrinsic properties.
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Supporting Information Available: Experimental details for

sheets because the molecules are substituted to be amphiph“ic_synthesis, structure determination, and electrical measurements, and a

These sheets then roll themselves into a hollow helix. In our present
case, the structure is much different: the columns are solid rods
rather than hollow tubes. The oval cross section of the columns
causes them to pack into a rectangular lattice, as shown in Figure
2D,E. By aligning the fibers in devices, we can probe the electrical
conductivity along the one-dimensional stacks where they should
be most highly conductivé:16

We developed a method to manipulate, align, and transfer isolated

fibers into transistor devices using elastomer stamps. This technique

follows those developed for carbon nanotf3éand nanowire?1°
First, we grow a mat of nanofibers from dodecane solution (shown
in Figure 1B) by slow evaporation of the solvent. An elastomer
stamp made from polydimethoxysilane (PDMS) is gently pressed
into the mat of fibers. Remarkably only a few fibers transfer to the
stamp. Pressing the “loaded” stamp onto a substrate or device tes
structure then transfers this fiber.

We tested two methods for making devices out of these fibers.

movie showing the self-assembled fiber growth. This material is
available free of charge via the Internet at http://pubs.acs.org.
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