AlP | e ™

Synthesis and characterization of amorphous carbon nanowires
Y. H. Tang, N. Wang, Y. F. Zhang, C. S. Lee, |. Bello, and S. T. Lee

Citation: Applied Physics Letters 75, 2921 (1999); doi: 10.1063/1.125190

View online: http://dx.doi.org/10.1063/1.125190

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/75/19?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Synthesis and purification of single-walled carbon nanotubes by methane decomposition over iron-supported
catalysts

J. Vac. Sci. Technol. A 24, 1314 (2006); 10.1116/1.2210943

Synthesis, Characterization and Chirality Identification of DoubleWalled Carbon Nanotubes
AIP Conf. Proc. 685, 328 (2003); 10.1063/1.1628045

Synthesis and characterization of single-wall carbon nanotube—amorphous diamond thin-film composites
Appl. Phys. Lett. 81, 2097 (2002); 10.1063/1.1506947

Characterization of vapor-phase-grown ZnSe nanoparticles
Appl. Phys. Lett. 80, 4024 (2002); 10.1063/1.1481769

Synthesis of GaN—carbon composite nanotubes and GaN nanorods by arc discharge in nitrogen atmosphere
Appl. Phys. Lett. 76, 652 (2000); 10.1063/1.125848

SUBSCRIBE TO



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1978199800/x01/AIP-PT/APL_ArticleDL_111914/PT_SubscriptionAd_1640x440.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=Y.+H.+Tang&option1=author
http://scitation.aip.org/search?value1=N.+Wang&option1=author
http://scitation.aip.org/search?value1=Y.+F.+Zhang&option1=author
http://scitation.aip.org/search?value1=C.+S.+Lee&option1=author
http://scitation.aip.org/search?value1=I.+Bello&option1=author
http://scitation.aip.org/search?value1=S.+T.+Lee&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.125190
http://scitation.aip.org/content/aip/journal/apl/75/19?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvsta/24/4/10.1116/1.2210943?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvsta/24/4/10.1116/1.2210943?ver=pdfcov
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.1628045?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/81/11/10.1063/1.1506947?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/80/21/10.1063/1.1481769?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/76/5/10.1063/1.125848?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 75, NUMBER 19 8 NOVEMBER 1999

Synthesis and characterization of amorphous carbon nanowires

Y. H. Tang, N. Wang, Y. F. Zhang, C. S. Lee, I. Bello, and S. T. Lee®
Center Of Super-Diamond and Advanced Films (COSDAF) and Department of Physics and Materials
Science, City University of Hong Kong, Hong Kong, China

(Received 15 July 1999; accepted for publication 13 September) 1999

By heating a pressed tablet of graphite powder mixed with nickel in a quartz tube mounted inside
a high-temperature tube furnace at 1200 °C, amorphous carbon nanowires were formed on the inner
wall of the quartz tube near a copper cooling finger. Bright-field images of transmission electron
microscopy show that the diameters of the nanowires are around 40 nm. Selected-area electron
diffraction and Raman study reveal that the nanowires have an amorphous structut®99©
American Institute of Physic§S0003-695(99)05045-7

Nanoscale carbons, such aggGRefs. 1 and 2 or remove the loosely bound particles and then observed di-
fullerenes® nanotube$,and onions;® have stimulated great rectly with TEM (Philips CM20.
interest among scientists. In terms of chemical bonding, all Figure Xa) shows a TEM bright-field image of the
these carbon nanoscale materials possg®s hybridized nanowires. The diameters of most nanowires are around 40
bonds’ Besides thesp? bond,sp andsp® are the other two NM. Some nanowires with diameters less than 10 nm can also
types of C—C bonds in carbon materi&§he sp? bond cor- be seen from this image. Unlike carbon fibers which are
responds to the graphite material. T¥gandsp® correspond straight'? these nanowires are smooth and curvy. The inset
to carbyne and diamond bonding, respectively. Carbon nand? Fig- 1(2) gives a selected-area electron diffracti@hED)
tubes can be conceptualized as cylinders rolled from a graptpattérn taken from an individual nanowire. The diffuse dif-
ite sheet and capped at both ends by hemispheres (fjtr’;\_ctlon ring clearly shows that the_nanowwe is amorphBus.
fullerenes. They are hollow one-dimensionib) nanoscale It is noticeable that the pattern differs from that of carbon
materials possessirgp’ bonds. The 1D materials witbp®
bonds are particularly interesting since they correspond to
diamond-like nanowires. Although this material has not been
synthesized, nanoscale material with? and sp® bonds is
also of interest. Thisp?/sp® material corresponds to amor-
phous carbon nanowir€CNW). In general, amorphous car-
bon material contains a highly disordered network of carbon
atoms that are predominantlyp? bonded and more than
10% sp® bonded® CNWs have not been reported so far. In
this letter, we report the synthesis of CNWs by a thermal
evaporation technique.

The evaporation apparatus used in the present experi-
ment is similar to that used to synthesize Si nanowires
(SINW).1911 8 g of graphite powdefmean size: 30um,
purity: 99.85%, impurities: Pmixed with 0.1 wt % Ni pow-
der was pressed into a tablet by a hydraulic press at room
temperature. The tablet was then put into a quartz tube
mounted inside a high-temperature tube furnace. After
pumping down to a pressure ofx4L0 2 Torr, high-purity
argon(99.99% was then passed through the quartz tube at a
flow rate of 50 sccm near atmospheric pressure. The quartz
tube was then heated to 1200 °C and kept at this temperature
for 24 h. A little black soot was collected from the inner wall
of the quartz tube near the copper cooling finger. A Mo grid
for transmission electron microscop§TEM) observation
was put in advance inside the quartz tube at a position where
the soot was expected to deposit. After removal from the

tube, the grid was simply blown by a stream of nitrogen to

FIG. 1. Morphologies of the carbon nanowires and SAED patt@ynl EM
bright-field image. The inset is the SAED pattern of a single nanowe.
dCorresponding author. Electronic mail: apannale@cityu.edu.hk TEM dark-field image.
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FIG. 4. TEM image of metallic catalysts on the tips of the nanowires.

formed without Ni. The diameters of the nanowires were
FIG. 2. TEM micrograph of the cross section of the nanowires. dependent on the concentration of Ni powder in the tablet.
This phenomenon can be seen in Fig. 4. When the concen-
) ) . . tration of Ni was high enougkl wt %), irregular shapes of
nanot.ubes, In Wh'cﬂ sgveral diffraction spots okQ) ap.- nanoparticles were observed on the tips of the nanowires.
pear '_n th? patterﬁ. Figure Xb) S,hOW,S th.e corresponding These nanoparticles are composed of C and Ni as detected by
dark-field image of the same region in Figall All nano- energy-dispersive x-rafEDX) spectroscopy mounted on the
wires have a bright contrast which is opposite to that in FiI9TEM. It should be noted that nanowires with smaller diam-
1(b). The complementary contrast of Figsaland b) fur-  gier5 have no catalyst balls on the timinted to by the
ther supports that the nanowires are not crystalline. arrow in Fig. 4. When the concentration of Ni in the graph-
As the nanowires change their growth directions, theifs howder is below 1 wt%, the nanowires are of a smaller
cross section can be observed at the turning points which atgameter and the metallic particles were less abundant. We
marked by arrows in Fig. 2. It can be seen from the imaggpecyate that the small-diameter nanowires might also have
that the nanowires haV(_a a circular solid Cross section. Th's_ Fhetallic particles on their tips initially. The disappearance of
a con_1mo5n characterlstl'c 6°f17 nanowires, such as S'Cthe metal particles was due to a metal-consuming process
nanowires® and Si nanowires? _ _ during growth, so that the size of the metallic ball shrinks
Raman spectroscopy offers an effective method to 'dengradually as the nanowire grows in length.
tify the §tructure of carbon mz_;\terials. We us_ed a Renishaw Baker® reported the gasification of carbon using Pt cata-
2000 micro-Raman system with 1 cihresolution and 0.4 lysts, and discussed the formation of carbon whiskers. Simi-
cm - reproducibility to study the nanowwes._The ex0|tat_|on larly, a CO-assisted growth model of carbon nanowires is
source was the 51.4.5.nm line of an argon-ion laser with Ebroposed in this work, which is schematically shown in Fig.
spot size of 1qum in diameter and a power of 4 mW. The g |, his model, graphite reacts first with the oxygen or

measurement was performed at room temperature. The Rgzier trapped in the graphite tablet at high temperature:
man spectrum, shown in Fig. 3, revealed the characteristic

bands centered at 1352 and 1586 ¢nwhich are the typical 2C+0,—2CO0,
Raman peaks of amorphous carbon mateffals.

Metallic catalysts(Ni) were found to play an important and
role in the growth of the nanowires. CNW could not be

C+H20—>CO+H2

Then, the CO molecule was carried by the Ar gas to the
colder finger where it decomposes into graphitic atoms and
carbon dioxide molecules at the surface of the metallic cata-
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FIG. 3. Raman spectrum of the carbon nanowires. FIG. 5. CO-assisted growth model of amorphous carbon nanowires.
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The gaseous CQOwas then evacuated by the mechanical  This work was supported by the Strategic Research
pump. The temperature of the colder finger was abouGrants of the City University of Hong Kong and the Re-
100 °C. The temperature of the substrate where CNWs grewearch Grants Council of Hong Kong.

was between 800 and 900 °C. The Ni nanoparticles could

transport to the substrate possibly due to the following reac-
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