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Carbon nanotubes (CNT) have gained considerable attention ing™
recent years because of their remarkable electronic and mechanical E 4.0 -
properties-?2 The unique features of CNT make them extremely
attractive for a wide range of sensing applicatidfs he ability §3-2 T
of CNT-modified electrodes to promote electron-transfer reactions Z
and resistance to surface fouling has been documented in connection'z; 2.4 -
to important biomolecule%:® S

Here, we report on the preparation and favorable electrochemical
behavior of CNT fiber microelectrodes. The growing interest in & 0.8 -
microelectrodes has led to a widespread use of carbon fibers for & "
exploring microscopic domains and measurements of local con- (3 0.0 _
centration profile$:1° CNT fibers, developed recently by Vigolo ‘ M
et al.!* are prepared by a simple particle-coagulation spinning (PCS) 0.0 0.2 04 0.6 0.8 1.0
process, involving the injection of a homogeneous and relatively Potential (V)
concentrated aqueous CNT suspension in a flowing coagulating Figure 1. Hydrodynamic voltammograms (current density vs applied
bath12 This preparation process results in a novel form of CNT, potential) for 1 mM NADH at carbon (A,D) and CNT (B,C,E) fiber
consisting of an interconnected CNT/polymer-chain network, and Microelectrodes (untreated (A,B) and heat treated (C,D,E) fibers). Left
possessing mechanical flexibility, high toughness, and high porosity, 'f_%e(ti') t%hg?g?\i‘)mnﬁfﬂrc;rtn&tg%:r'ggﬁl?a;ngﬁggﬁia(f) f\i/ng m@%’:lgggdes.
while retaining the attractive electrochemical behavior of CNT pashed line indicates the blank solution. Right inset: stability of the
materials By combining the advantages of CNT with those of fiber chronoamperometric response for repetitive measuremert8.@tV of 3
electrodes, the new material brings new capabilities to electro- MM NADH at the carbon (a, right axis) and CNT (b, left axis) fiber
chemical devices and has many potential sensing applications. Suctflectrodes. Electrolyte, phosphate buffer (0.05 M, pH 7.4).
attractive capabilities are illustrated below in connection to elec-
trocatalytic reactions of several important biomolecules (NADH,
hydrogen peroxide, and dopamine), because of their broad signifi-
cance for biosensing and in-vivo sensing, and in view of their
enhanced electron-transfer activity on a large-sized CNT micro-
electrode.

CNT fibers were activated at 30C for 60 min and subsequently
inserted into pulled glass capillaries and produced CNT fiber
cylinder microelectrodes of 18 (SWCNT) and 34 (MWCNIm
diameter and 5 mm length. The carbon fibersu(d@ diam) used
for comparison were prepared in the same way. Figure 1 shows
hydrodynamic voltammograms (HDV) for NADH obtained at
untreated and heat-treated carbon (A,D) and CNT (B,C,E) fiber
microelectrodes. Both untreated fiber electrodes display minimal
electrochemical reactivity over the entire range (A,B). At the treated
carbon (D) and SWCNT (C) fiber electrodes, redox activity is
observed only abové0.6 V, with a slow increase of the response
thereafter. The treated MWCNT fiber electrode, in contrast,
responds favorably to NADH over most of the potential range, with
significant oxidation currents starting &0.1 V and leveling off
above+0.4 V (E). Such a profile reflects the marked acceleration
of the NADH redox process and is in agreement with the HDV
reported at MWCNT-based macroelectro8é&hile no apparent
activation was observed by using a “milder” heat treatment (at 150
°C), we have observed minimal activation of the electron-transfer
reactivity of the CNT fiber electrode upon electrochemical polariza-
tion (1 min at+1.5 V; not shown). This is in contrast to carbon
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fiber electrodes where an anodic treatment has a profound effect
upon the electron-transfer properti€dhe CNT fiber displays good
resistance to surface fouling common to NADH oxidation, thus
imparting high stability onto NADH measurements. Figure 1 (right
inset) compares the stability of the response for 30 repetitive
chronoamperometric measurements of 3 mM NADH at the carbon
(a) and CNT (b) fiber electrodes. The carbon fiber electrode displays
a rapid loss of its activity (with up to 62% decrease of the response
and a RSD of 29%). In contrast, a highly stable signal is observed
over the entire operation upon using the CNT microelectrode (RSD
= 4%). Such minimization of NADH passivation effects is in
agreement with early observation at CNT macroelectrédese
electrocatalytic action of CNT fiber electrodes (3dh) facilitates
low-potential amperometric measurements of NADH (Figure 1, left
inset). While the treated carbon fiber surface is not responsive to
the changes in the level of NADH (a), the CNT microelectrode
responds favorably using a detection potentiat-6£2 V (b) over

the entire concentration range.

Changes in the morphology of the CNT fiber upon the heat
treatment, observed in scanning electron microscopy (SEM), shed
useful insights into the heat-induced activation of CNT fiber
microelectrodes. Figure 2 displays SEM images (obtained with
700x magnification) of the untreated (A) and treated (B) MWCNT
fiber microelectrodes. A quite uniform nonporous structure is
observed for the untreated microelectrode, reflecting the aligned
filament of the outer surface of CNI¥.The heat treatment results
in fracturing of the fiber skin, removal of some nonconducting
t New Mexico State University. polymeric material and amorphous carbon impurities, and exposure
* UniversiteBordeaux |. of the internal nanofelt porous conducting bundles (B). The surface
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Figure 3. Hydrodynamic voltammograms for 100Vl dopamine (A) and

1 mM hydrogen peroxide (B) at treated carbon (a) and CNT (b) fiber
microelectrodes. Also shown (insets) are the chronoamperometric signals
for successive additions—{iv) of 50 uM dopamine (at+0.1 V) and of 4

mM hydrogen peroxide (at0.0 V) at the carbon (a) and CNT (b) fiber
microelectrodes. Dashed line indicates blank solution. Other conditions are
(outside this pit) remains smooth, with no apparent increase in as in Figure 1D,E.

roughness. The increase in area (accrued from the increased o _ _
porosity) is indicated from the dramatic increase of the cyclic- €lucidating the structurereactivity refation of the new CNT fiber
voltammetric background-current envelop (inset), which reflects the €lectrode material and for understanding the relationship between
substantially higher double layer capacitance. Accordingly, the main the surface pretreatment and the electrode performance. Current
reasons for the improved electrochemical properties are believedefforts in our research groups are aimed at further shrinking the

Figure 2. SEM images of untreated (A) and heat-treated (B, at@€br

60 min) CNT fiber microelectrodes. Magnification, 700 accelerating
voltage, 18 kV. Also shown (inset) are the background cyclic voltammo-
grams of the untreated (A) and treated (B) CNT fibers at 100 mV/s;
electrolyte, phosphate buffer (0.05 M, pH 7.4).

to be removal of nonconducting polymer residues that are blocking dimensions of the CNT fibers.

the access to the CNT electrocatalytic sites and exposure of ends Acknowledgment. This work was supported by the National

of nanotubes with higher catalytic activity than walls. Similar
enhanced electrochemical activity was suggested for thermal
activation of SWCNT® and of carbon electrodé&.The thermal
activation of the CNT fiber exhibited good reproducibility (RSD
8.7% for the measurements of 1 mM NADH at five different CNT
fiber electrodes).

Carbon fiber microelectrodes have been widely used for monitor-

ing catecholamine neurotransmitters and for designing glucose

microsensor$? As indicated from Figure 3, the new MWCNT fiber

offers a substantial enhancement of the response for dopamine (A)

and hydrogen peroxide (B), with lowering of their overvoltage by
ca. 150 and 300 mV, respectively. The MWCNT microelectrode
thus allows highly sensitive low-potential detection of both analytes

(see insets). The dopamine and hydrogen-peroxide response (at

+0.10 (A) and 0.0 (B) V) increases linearly with the concentration

over the entire range (b). No response is observed for analogous
measurements at the treated carbon fiber electrodes (a). The treated

CNT microelectrodes retained their favorable electrochemical
properties over several weeks.

In conclusion, CNT fiber electrodes have been shown to couple
the attractive properties of CNT with the advantages of microelec-
trodes. Such a combination opens the door for using CNT in a wide
range of sensing applications. The ability of carbon nanotubes to
promote the electron-transfer reactions of NADH and hydrogen

peroxide suggests great promise for dehydrogenase- and oxidase-(lﬁ) ?45”9"__

Science Foundation (Grant Number CHE 0209707).
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