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Plasma deposition of thin carbonfluorine films on aligned carbon nanotube
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The thin film of carbonfluorine was deposited on the surfaces of aligned carbon nanotubes using a
plasma polymerization treatment. High-resolution transmission electron microscopy images

revealed that a thin film of the polymer lay&t0 nm) was uniformly deposited on the surfaces of

the aligned carbon nanotubes. Time-of-flight secondary ion mass spectroscopy and Fourier
transform infrared experiments identified the carbonfluorine thin films on the carbon nanotubes. The
plasma deposition mechanism is discussed®005 American Institute of Physics

[DOI: 10.1063/1.1846957

The development of surface nanostructure will be one otal vapor depositiof'ﬁ"16 The plasma reactor for thin film
the key engines that drive our technological society in thedeposition of nanotubes has been described in detail
21st century. This rapidly growing area focuses on tailoring greviously’** The gases and monomers were introduced
nanoparticle surface structure for specific and uniqudrom the gas inlet during the plasma cleaning treatment and
properties:> One of the important developments in nano- plasma polymerization. The system pressure was measured
structures is the synthesis of carbon nanotubes. Carbon nanoy a thermocouple pressure gauge. A rf power generator op-
tubes are intrinsically superelastic one-dimensional strucerating at 13.56 MHz was used for the plasma film
tures that are chemically inert, and they possessiepositior®*’°
electrochemical, piezoelectric, tunable electronic and high Before the plasma treatment, the chamber pressure was
thermal conductivity properti€sThese properties make car- pumped down to less than 5 Pa at which time the monomer
bon nanotubes the potential successor to carbon fibers wapors were introduced into the reactor chamber. The oper-
composites, silicon in electronic devices, ionic polymers forating pressure was adjusted by the mass flow controller. To
actuators, and a myriad of other technologies for sensors.be able to distinguish the deposited polymer thin film and the
Unfortunately, the surface of the nanotubes is often not ideadurface of carbon nanotubesfz, was used as the monomer
for a particular application. The ability to deposit well- for plasma polymerization. During plasma polymerization,
controlled coatings on nanotubes would offer a wide range ofhe rf power used was 15 W and the system pressure was
technological opportunities, based on changes to both thg0 Pa. The plasma treatment time was 10 min.
physical and chemical properties of the nanotubes and nano- After the plasma treatment, the carbon nanotubes were
particles. examined using TEM, scanning electron microsc¢piEM),

In our previous works, several nanoparticles and carbomnd TOF-SIMS. The HRTEM experiments were performed
nanotubes have been successfully coated with plasmasing a JEOL JEM 2010F electron microscope with a field
polymerizationg.‘lzln this letter, we present experimental re- emission source. The accelerating voltage was 200 kV. The
sults on the plasma coating of aligned carbon nanotubeSEM experiments were performed on a Philips XL30 FEG
High-resolution  transmission  electron  microscopy SEM. FTIR experiments were performed on a Perkin Elmer
(HRTEM), time-of-flight secondary ion mass spectroscopy1600 FTIR. TOF-SIMS was performed on a lon-Tof model
(TOF-SIMS, and Fourier transform infrare@TIR) experi- IV equipped with a 25 keV 69Gal source. The mass resolu-
mental results are presented on the surface thin film deposiion of the instrument was 8000 at 28 amu. Positive and
tion and characterization. The deposition mechanisms argegative spectra were collected in the mass range of
also discussed. 0-1000 amu. The spectra were acquired by rastering the

In this experiment, the aligned carbon nanotubes wer¢eam over an area of 560500 um? of bundle of the un-
synthesized on silicon substrates by plasma-enhanced chengieated or treated carbon nanotubes.

Figure Xa) shows the SEM image of the original aligned
author to whom correspondence should be addressed; electronic maif@rbon nanotubes. As can be seen in this figure, all the nano-
donglu.shi@uc.edu tubes grow in the same direction that is perpendicular to the
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surface of the wafer. The diameters of nanotubes are around L0 o
200 nm** An important surface morphology that needs to be o8 [ 02
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pointed out is the rough surface of untreated nanotube. Fig- (@ no 1 masiu 160 180 masslu
ure 1(b) is the image of plasma treated aligned carbon nano- X0 e x10°— -
tubes. Compared with Fig.(d), one can be see that the sur- ég 15 a
face morphology exhibits smooth and round curvatures 04 05 Cm Hh L
indicating coated polymer films. The diameters of coated exte’ (O R MO M EONE
nanotube are around 200—-300 nm, which is slightly greater 3"~ cH |, Jom '
than the uncoated nanotubes. g 15 ¢ Loic]
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tubes have a bamboo structure as shown in Fig), 2vhich (b) 70 Pra— 50 S0 massu
is similar to that of the CNTs grown from the Ni thin films g 3 sims spectra of original aligned carbon nanotuk@spositive ions
prepared by sputtering using the same PECVD metfidd.  and(b) negative ions.

This HRTEM image[Fig. 2(b)] of a carbon nanotube also

shows the graphitized wall of nanotubes. The TEM study ] ] 1 o

shows that the surface of the nanotube exhibits an amofion from the previous experiments:*A polymer thin film
phous structure due to surface defects. This is a distinctivelpf 2 nm was observed on the carbon nanotube surface, and
different surface feature observed from the random carboH€ carbon crystal lattices are well revealed.

nanotubes. Figure (&) is the bright-field TEM image of To confirm the SEM and TEM observatioffsigs. 1 and
coated, aligned carbon nanotube showing a polymer thin filn?), TOF-SIMS was carried out to study the surface films of
deposited on the outer surface of nanotube. The thickness &#€ aligned carbon nanotubes. Figure 3 shows a portion of
the film is approximately 20 nm and tightly bound to the the TOF-SIMS spectra of untreated aligned carbon nano-
nanotube. The film is identified as the typical amorphougubes. The positive SIMS spectrufftig. 3a)] of the un-
structure by HRTEM observatioffFig. 2d)]. For compari- tr_eated aligne_d carbo.n n{:motubes show an appreciable inten-
son, we show the interface image of a coated random carbgtity of chromium, which is from the buffer layer. There are

nanotube(PR-24-H2, plasma treated under the same condi-alSo traces of Na, Si, Mn, Fe, Ni, and Mo. Except for chro-
mium, several strong hydrocarbon peaks, such §sGEl*,

CH;3, C;H3, C3H3, C3Hz, C3H7, and GHs—CO', appear in
the positive spectra, which originate from the aligned carbon
nanotubes. The negative SIMS spectra give more pro-
nounced signal from the aligned carbon nanotubes.Gg,
C;, C,, and GHg, the typical species of nanotubes, can be
easily identified from Fig. ®). Figures 4a) and 4b) are the
SIMS spectra of the plasma treated aligned carbon nano-
tubes. Compared with Fig.(®, the strong chromium peaks
are entirely suppressed as well as the hydrocarbon gea&s
Fig. 4). Instead, several carbonfluorine peaks, typically, F
CF*, CF;, C,F*, CF;, C5F3, can be identified from Fig.(d).
This spectrum indicates that the carbonfluorine thin film is
not only uniformly deposited on the surface of the wafer
substrate but also on the aligned carbon nanotubes. Figure
4(b) further confirms this characteristic by showing, =,
CF;, COR;, C3F; peaks. These results are consistent with the
HRTEM images shown in Fig. 2.

The chemical structure of the fluoropolymer films was
FIG. 2. (a) Bright-field TEM image of original aligned carbon nanotubes; investigated by FTIR spectroscopy. Since it was difficult to

(b) HRTEM image of the bamboo structure of the aligned carbon nanotube; . .
(c) bright-field TEM image showing the plasma coated thin film on the tarry out FTIR dlreCtly on the coated a“gnEd carbon nano-

nanotube surface; and) HRTEM image of the coating showing its amor- tUbes, the experiment was performed on the fluoropolymer

phous structure and defected nanotube surface. films deposited on stainless steel substrate by using the same
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X0 X:_B: o ) fluoride end group €€=0)—F, which also does not exist in

i l 08 CF original monomer.

10 02 | M,, ) During coating, the monomer is introduced as a vapor
P S P O N 2 - and the collision frequency increases with the gas pressure.
Z s c ol CF, The rate of polymer condensation on the nanoparticle sur-
ﬁ §Z. x os Cl*f faces can be influenced by many parameters such as electron

TS “5 slo ‘:‘5”“6.0 bl density,_ temperatgre, and energy density. To_achieve a thin
x1o ' CH, xie e and uniform coating on such small nanoparticles, all these
sof | . 30 synthesis parameters must be optimized. Although a system-

WP T i:ulﬂll.l.m.d\,,. “‘m.nl atic study on the optimization of synthesis parameters has
@ P 25 mass/u 80 90 massiu not yet been carried out, the preliminary experimental data

p— o _ have indicated that the polymer must be stable and not reac-

ro H 15 T tive with the substrate during coating. The gas pressure must

Lo e be moderate for a low collision rate on the nanoparticle sur-

R R S S Tt faces. In addition, polymerization should take place rela-
o < CF tively fast after the condensation on the particle surfaces.
£ cH | 10 These will ensure a uniform coating on the order of several
g 10 I s nanometers for all particle sizes.

a0f 8F A LN CO“F“_ - In summary, by using plasma polymerization, in this
L8 20 e . work, we have successfully deposited thin carbonfluorine
8 ey G films on aligned carbon nanotubes. The thin polymer film is

b T 5 massiu 90 muswa uniformly coated on the surface of aligned carbon nanotubes
FIG. 4. SIMS spectra of plasma treated aligned carbon nanot@emsi-  and well characterized by TEM, SIMS, and FTIR.
tive ions and(b) negative ions. . . .
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