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Electrochemical Characterization of Films of Single-Walled Carbon
Nanotubes and Their Possible Application in Supercapacitors
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Films of single-wall carbon nanotubes (SWCNTs) were cast from suspensions in several solvents on the surface of a Pt or Au elec-
trode. Cyclic voltammetry of the films in MeCN did not show well-resolved waves (as distinct from films of C60 prepared in a sim-
ilar manner). However, the increase in the effective capacitance of the electrode with a SWCNT film at 0.5 V vs.an AgQRE was
283 F/g, which is about twice that of carbon electrodes in nonaqueous solvents.
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We describe here, for the first time, studies of thin films of s
gle-wall carbon nanotubes (SWCNT) deposited on Pt or Au e
trode surfaces and their voltammetric response. SWCNTs are i
esting materials, since their electronic properties are significa
modulated by slight structural variations in diameter and the he
ty of the carbon atoms in the wall.1,2 We were interested in compar
ing the behavior of such SWCNT films with those of the fulleren
C60 and C70.3,4 We show that, while these films give no distin
voltammetric peaks, probably because of a broad tube size dist
tion, they show a very high “effective capacitance” which mig
make them of interest as electrodes in supercapacitors.

Films of the fullerenes can be cast from solutions of C60 or C70
in benzene or other solvents. However, SWCNTs are insoluble i
solvents; therefore films had to be cast from SWCNTs in benz
acetonitrile (MeCN), acetone, or water containing sodium dode
sulfate (SDS, 0.5 g in 100 mL) after strong sonication. A grea
amount of SWCNTs could be dispersed in SDS solution than
other solvents due to the self-aggregation of surfactant molec
into micelles. Thin films of SWCNTsc were prepared by evaporatio
on a Pt or Au electrode surface of a few microliters of a suspen
similar to a procedure used for the C60 studies.3,4 When the thin
films were cast from SDS solutions, the electrodes were kept in
oven (104°C) for about 45 min before transfer into a dry box wh
electrochemical experiments were conducted in MeCN under a 
um atmosphere. A CH Instruments model 660 was employed fo
cyclic voltammetric (CV) measurements in MeCN solutions co
taining 0.1 M tetra-n-butylammonium hexafluorophosphat
(TBAPF6). A platinum mesh served as the counter electrode, an
silver wire was used as a quasi-reference electrode.

Films prepared from C60 suspensions were studied first to com
pare their CV characteristics to those films prepared from solut
of C60 in benzene, which produce well-defined waves. These 60
suspensions in solvents like water/SDS and MeCN produced f
that showed essentially identical CV behavior to those cast f
solutions (Fig. 1). For example, the reduction C60 j C60

- j C60
2-

and corresponding oxidation peaks were well-defined over the g
potential region. A third reduction wave (not shown) was obser
at more negative potentials. As reported earlier,3,4 the film became
less stable for scans beyond the third reduction peaks
MeCN/TBAPF6. Similar results were also obtained from films pr
pared from a MeCN suspension of C60. These results demonstrat
that good CV results can be obtained with C60 films prepared from
suspensions and suggest a similar procedure would be suitab
SWCNTs.

However, CVs obtained from SWCNT films prepared from su
pensions of different amounts of nanotube material in water/S
benzene, MeCN, and acetone showed only a featureless voltam
gram, such as that shown in Fig. 2. In this experiment, the volt
mogram of a bare Pt flag (6x 7 mm) was measured first, and then
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2 µL suspension of SWCNT in acetone was coated on the same P
surface. After drying in He, the electrode was replaced in the cell and
CVs were recorded again under identical conditions. All procedures
were performed inside a He atmosphere dry box, and the electrod
surface was kept horizontal to prevent possible loss of material from
the electrode. Note that CVs obtained within a larger potential win-
dow than that shown (0 to -2 V vs.Ag quasi-reference electrode) still
did not show waves. An increase in the total amount of SWCNT
material on the electrode by successive deposition of the suspensio
on different locations at the Pt surface produced the same shape
voltammogram with an increase in the charge passed during th
sweep. Variation of the electrode temperature from 24 to 150°C dur
ing deposition also did not make a difference. The featureless CV
(compared to the waves seen with the fullerene films) probably

c WCNTs were a gift from D. T. Colbert (Rice University) and were purified by a 
procedure developed by one of us (I.W.) at UCLA.

Figure 1. CVs of a C60 film cast as a suspension from acetone on a Pt elec-
trode in MeCN containing 0.1 M TBAPF6. Scan rate, 50 mV/s.

Figure 2. Cyclic voltammograms of a Pt electrode with and without a
SWCNT film cast from acetone in MeCN containing 0.1 M TBAPF6. Scan
rate, 50 mV/s.
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result from a distribution of nanotubes. The electronic propertie
the carbon nanotubes are sensitive to structural variations, su
the length, diameter, and helicity of the carbon atoms in the s
and each nanotube is somewhat different from others in their 
tronic properties. Therefore, the featureless CV might be an av
of many closely spaced peaks representing electron transfe
each nanotube. Indeed, different electronic properties were rep
with different nanotubes based on a four-probe measurement
individual carbon nanotubes; SWCTs can show conductivities r
ing from metallic to semiconducting depending upon the helicit
the particular tube structure.5 Another possibility is that the layer o
SWCNTs might simply behave like a bulk carbon material ra
than individual molecules.6

However, the results in Fig. 2 show that the electrochem
capacitance of the Pt electrode had increased substantially b
addition of the SWCNT layer. To obtain a quantitative estimat
the amount of charge stored per unit mass of SWCNT, an ele
chemical quartz crystal microbalance7 was employed. A gold con
tact to the crystal was employed as an electrode. The ma
SWCNT deposited from an acetone suspension produced a fre
cy change equivalent to 141 ng mass increase. The capacitanc
calculated from the CV curves, with C = i/v, where i is the current
and v the sweep rate (V/s). At a potential of -0.5 V, for example,
increase of the effective capacitance per unit weight of SWCNT
about 283 F/g. This is over twice that of the largest value report
far (120 F/g) with an active carbon electrode in a nonaqueous 
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tion.8 This high capacitance is consistent with the large surface a
of the single-walled nanotubes and is equivalent to charging ab
2% of the C atoms in the nanotubes. The high capacitance per 
weight, at least for thin films, suggests a possible application 
supercapacitors.8 The material was stable on cycling and no signif
cant difference was seen after continuous cycles over 30 min a
mV/s.
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