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Carbon nanofiberCNF9 with diameter ~66 nm have been synthesized from coronene by
low-temperaturé~45 °C) vacuum sublimation without the aid of a catalyst. Our method makes use
of the property of polycyclic aromatic hydrocarb@AH) molecules, which can self-assemble into
columnar aggregates. This polycyclic aromatic hydrocarbon-carbon nandfi#gisCNF9 reveal

much better thermal stability than commercial carbon nanotubes and exhibit field-emission
characteristics with the onset of an electric field of 5.4/ and field enhancement factor of 1326
cm ! for 100 um interelectrode distance. The relative high thermal stability and easier process open
up a possibility to fabricate large-scale field-emission devices in an efficient way and to provide a
broad range of applications in nanoscience and technology20@ American Institute of Physics.
[DOI: 10.1063/1.1707229

Recently, one-dimensionall-D) carbonaceous nano- Using coronene, one kind of PAH molecule, as a starting
structures, such as tubes, fibers, wires, and rods, have bmaterial, PAH-CNFs were fabricated on a gold substrate by
come the focus of intensive research owing to their uniqgue/acuum sublimating coronene from a heated crucible
applications in nanoscale devices. For example, carbon nan6=45 °C) at a deposition rate of-6 A/min. The gold sub-
tubes (CNT9 could act as tips of a scanning probe Strate was kept at room temperature and a background pres-
microscopé, field emitters in flat panel displaﬁssingle- sure around %1078 Torr. Structural investigations were
molecular transistorsgquantum wire$,and electron emitters carried out in a Joel JSM-6500F scanning electron micro-
for generating x rays. scope(SEM). Contact angles and surface free energies were

Various methods to synthesize 1-D carbonaceous nanéletermined using a KRES universal surface testémodel
structures have been brought up by many research groupg,_H-loq. Thermal stability was gvaluated by Hitqchi_thermal
Arc dischargé, laser ablatior, pyrolysis® and catalytic de- desorption system-atmospheric pressure ionization mass
composition of hydrocarbofisvere common methods to pro- SPECtromete(TDS-APIMS). _
duce CNTs or carbon nanofibef€NFs. Both the arc and Figure 1 shows SEM images of PAH-CNFs deposited by
laser ablation were inadequate on the point of view of largeYacuum sublimation for 90 min. The fibers were nearly ver-

scale production. The catalytic decomposition method haliCally grown on gold substrate with a uniform average den-

seemed to be the most promising one at present owing to Y of 10°/cn?, which is slightly less than that of CNTs

. . 12
lower investment cost and lower reaction temperatur ynthesized .by N|-catalyged PECVD processl("/cn).
(650°0 he mean diameter of fibers was around 66 nm calculated

To date, the lowest temperature at which to fabricatefrom the diameter histogram, which was based on the SEM

CNTs through the catalytic decomposition method is about
400 °C, with the assistance of plasma-enhanced chemical va-
por deposition(PECVD).1° However, the expensive equip-
ment and confined deposition area limited by electrode size
make this process hard to scale up.

In this study, an easier way was suggested to produce a
1-D carbonaceous nanostructure. By utilizing ther inter-
action between polycyclic aromatic hydrocart@®h\H) mol-
ecules, which can self-assemble into columnar aggredhtes,
CNFs with a diameter of~66 nm can be fabricated directly
by vacuum sublimation of PAH molecules. This process pro-
ceeded without the aid of a catalyst and high temperature.
The results of this study could be very useful to produce
CNF-related devices in great quantities.

FIG. 1. Cross-sectional SEM image of PAH-CNFs deposited by vacuum
3E|ectronic mail: wtwhang@mail.NCTU.edu.tw sublimation for 90 min.
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FIG. 4. Thermal desorption curve @¢f) CO, (m/z=44) and(b) CsHg
FIG. 2. Histograms ofa) fiber diameter(b) fiber length, andc) tip radius (m/z=78) for both CNTs and PAH-CNFs.

of PAH-CNFs. Inset demonstrated the way to measure tip radius from SEM
image. results on contact angle measurement. The surface free en-

ergy was 40 mJ/ffor gold substrate and 49 mJrfor sili-

images of PAH-CNFs, as shown in the inset of Figa)2 con dioxide substrate. These values were calculated by the
Figures 2b) and 2c) show the histograms of fiber length and OWens method fro_m the measured contact angles for three
tip radius, respectively. The fiber lengths ranged from 0.2 tdlifferent solventddiiodo methane, ethylene glycol, and wa-
1 um and the mean length was about 483 nm. Instead of€?) on each substrate. As coronene molecules deposit on
extending the deposition time, but rather to increase théilicon dioxide, them— interaction still holds discotic mol-
deposition rate in a shorter process time, fibers longer than 8cules together, however the existingmburface bonds re-
wm can be obtained. The tip radius was determined by placSults in an_edge-on morphology rather than a face-on
ing an approximate circle on each tip in SEM images thernorphology:®
measured radius of each circle. The tip radius, which will  Thermal stability is a crucial property to evaluate feasi-
characterize the field emission, ranged from 10 to 50 nm, anfility for applying a new material in use. TDS-APIMS was
the mean value was 30 nm. used here to monitor thermal desorption behavior of PAH-

The growth mechanism was different from catalytic de-CNFs by heating the sample from 25 up to 800 °C at a ramp
composition method that normally involves three stefps:  'ate of 10 °C/min. For comparison, the same-sized-area CNT
decomposition of hydrocarbon reactants on catalyst surfacdims deposited by electrophoreSisvas measured under the
(i) forming a supersaturated solution of carbon and catalysgame conditions. Figure(#) shows the CQ (m/z=44) de-
and(iii ) precipitation of carbon which extrudes the wafid* ~ sorption curve of both PAH-CNFs and CNTs, revealing that
Since no catalyst or heating process were involved in ouPAH-CNFs are very stable for less carbonaceous species,
experiment, the growth of PAH-CNFs was not by way of Which are oxidized and desorbed as £for PAH-CNFs,
decomposition and rearrangement of coronene. which is no the case for CNTs. The better thermal stability of

For aromatic hydrocarbons, which possess large polariZZAH-CNFs can be further confirmed by the much lower de-
abilities and small local dipole moments, the dispersion in-Sorption of benzene speciegi (m/z=78), as shown in
teraction would attract molecules to stack in coluthi®  Fig. 4b). The superior thermal stability might be attributed
However, the repulsive force among nuclei may lead to 40 the chemically perfect-delocalization in these seven aro-
parallel-displaced conformation resulting in a tilted columnarmatic rings of coronene, which consequently offers stronger
structure'® The same situation was found in Fig. 1, the fiber C—C bonds. Despite the fact that CNTs possess a similar
growing direction was nearly vertically aligned, but slightly Structure, the unexpected structural defect that arose during
tilted at an angle of 5°~10° away from verticality. synthesis(e.g., saturated C—C bond or open ringsll de-

Besides the dispersion force, the surface energy of sutrade the structural stability. In addition, the amorphous po-
strate, which relates to the unsaturated surface bond, al4gus carboff congested among the tubes or the residues
affects the geometry of PAH-CNFs. Figure 3 shows top-view{fom electrophoresis process also results in the larger desorp-
SEM images of PAH-CNFs offa) gold substrate angb)  tion of CO, for CNTs. The thermal decomposition occurred
silicon dioxide substrate. The fibers on gold substrate stoo@Pove 600°C of PAH-CNFs was similar with the results of
up straight, however, those on silicon dioxide surface layother reports for CNTS!®%%
down and entangled in the majority. The better wettability of ~_ Field eémission of PAH-CNFs was measured by placing a
silicon dioxide might due to the higher concentration of un-cylindrical electrode of 2.2 mm diameter above the fibers
saturated surface bonds, which tend to adsorb molecules f/rface at a distance of 1Qim. All the measurements were
lower the surface free energy. This is consistent with oufcarried out in a vacuum chamber under a pressure of
10" ® Torr, with Keithley 237 as a power supplier, and a
current meter. Figure 5 shows a typical plot of the emission
current densityd versus the applied fiel&. The onset field
for producing a current density of 10A/cm? was near 5.4
V/pm. This result is similar with a CNT array~5.5
V/ um)® measured with the same method. The inset in Fig. 5
reveals J-E characteristics for PAH-CNFs that followed
Fowler—Nordheim(FN) behavior. After a well-defined FN-
type threshold field, there is an exponential current rise re-
gion, followed by saturation. This saturation, which occurred
FIG. 3. Top-view SEM images of PAH-CNFs ¢a) gold substrate angh) @t high voltage, might result from the deficiency of emitting
silicon dioxide substrate. electrons that happened owing to the burning out of emitting
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