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Synthesis and Characterization of One-Dimensional

Nanostructures of Organic Semiconductor Materials

Abstract

One-dimensional (1-D) nanomaterials attract a great deal of interest because of their
peculiar properties, relative to those of their bulk counterparts, and great potential for
application. Many recent studies have indicated that organic compounds can form 1-D
nanostructures under low-temperature conditions when intermolecular dispersive forces are
exploited in self-assembly processes. The dissertation describes the synthesis of
one-dimensional organic nanofibers in an attempt to discover the factors that dominate the
film morphology. All of the organic semiconductor materials investigated in this thesis,
display n-stacked columnar structures, in which charge can migrate within and emit

electrons from the fiber tip when biased in vacutim and in a high electric field.

In the first part of this dissertation, I utilized coronene to form 1D nanostructures.
Nanofibers with diameter ca. 66nm have-been-synthesized from coronene molecules, by
low temperature (~45 °C) vacuum. sublimation-’without the aid of catalyst. This
polycyclic aromatic hydrocarbon-carbon nanofibers (PAH-CNFs) reveal much better
thermal stability than commercial carbon nanotubes (CNTs) and exhibit field emission
characteristics with the onset electric field 5.4 V/um and field enhancement factor 1326

cm” for 100 pm interelectrode distance.

In the second part of this dissertation, I deal with CuPc molecules, a heterocyclic
planar molecule to form 1D nanostructure. In this study, substrate temperature that can
alter the surface energy plays a crucial role to form the desired nanofiber structure. The
average length of these CuPc nanofibers deposited at 100 °C, a temperature much lower
than that for synthesis of carbon nanotubes, was ca. 500 nm, with diameters in the range
15-50 nm. XRD analysis of these nanofibers revealed that they possessed a o phase
structure. HRTEM images indicated that the CuPc nanofibers formed through layered
stacking of CuPc molecules. These CuPc nanofibers exhibit field emission characteristics

(with a turn-on field of 13.6 V/um) and follow Fowler—Nordheim behavior in a manner
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similar to that of carbon nanotubes.

The recently synthesized high-aspect-ratios PTCDA nanofibers are introduced in the
last part. 1 have utilized the mn—m interactions between PTCDA molecules and
temperature-induced morphology changes to synthesize 1D nanostructures of PTCDA on a
heated (ca. 100 °C) titanium substrate through vacuum sublimation. Because of the pillared
Ti structures and the presence of reactive Ti—Cl sites, the titanium substrate played a
crucial role in assisting the PTCDA molecules to form 1D nanostructures. The average
diameter of the nanofibers deposited on the Ti-CVD substrate at 100 °C was ca. 84 nm,
with lengths ranging from 100 nm to 3 um. When the PTCDA nanofibers were biased
under vacuum, the emission current remained stable. The turn-on electric field for
producing a current density of 10 pA/cm” was 8 V/um; the maximum emission current
density was 1.3 mA/cm®, measured at 1100 V (E = 11 V/um). From the slope of the
straight line obtained after plotting In (J/E?) versus 1/E, I calculated the field enhancement
factor fto be ca. 989.

The dissertation is concluded with a chapter, which summarizes the results obtained on
organic nanofibers. An overviéw. of thermostrimportant conclusions is given and some

general remarks relevant to applications.in molecular electronic devices are made.
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