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Abstract Titanate nanotubes (TNT) were proven to be
efficient support for the immobilization of methylene blue
(MB). UV–vis absorption and Fourier transform infrared
spectra showed that the effect of MB absorbed on TNT was
better than nanocrystalline anatase TiO2 (TNP). The
quantity of MB absorbed onto TNT was found to be
greater than that of TNP and the electrode modified with
the MB–TNT film was more stable due to the strong
interaction between TNT and MB as well. The absorption
of MB on TNT was impacted by the pH value of the
reaction solution for the change of surface charge.
Electrochemical oxidation of dopamine (DA) at different
electrodes was studied. The result showed that the MB–
TNT composite film exhibited excellent catalytic activities
to DA compared to those of pure TNT, which is a result of
the great promotion of the electron-transfer rate between
DA and the electrode surface by the MB–TNT film.
Furthermore, the layer-by-layer self-assembly behavior of
the electrochemically functional MB–TNT nanocomposite
was also discussed after obtaining the stable colloid
suspension of MB–TNT. The excellent electrochemical
ability and the easy fabrication of layered nanocomposite

make the MB–TNT nanocomposite very promising in
electrochemistry study and new nanotube-based devices.
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Introduction

Recently, a lot of attention has been paid to one-
dimensional (1-D) TiO2 nanostructures such as nanotubes,
nanowires, nanofibers, and nanoribbons [1–4]. Among 1-D
TiO2 nanostructures, titanate nanotubes (TNT) have be-
come one of the most powerful and promising material in
various fields [5]. In fact, their unique physicochemical
properties and unusual morphology render TNT very
suitable for many applications, such as catalysis [6],
electrocatalysis [7–9], and photocatalysis [10–12]. Many
researches have been done to study the synthesis process
and the structure of these nanotubes, and great development
was achieved [13–16]. Increasing interests are being
focused on many possible applications of TNT as the
substrate decorated with different active catalyst over the
last few years [17–20]. TNT composed of corrugated
ribbons of edge-sharing TiO6 octahedra are multilayered
structures with a nanometer-scale inner-core cavity exposed
to the outer surface and are easily negatively charged
because of the protonic nature of its H2Ti3O7 structure [21].
These interesting properties of TNT make it an ideal
substrate and carrier of active catalyst that need to be
immobilized. Furthermore, attempts to date have witnessed
successes in the loading of enzymes, metal nanoparticles,
and metal ion. Most of the loading improve redox reactions
because of the semiconducting properties of the strong
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electronic interaction between the support and catalyst for
TNT [22–25]. All these interesting properties of TNT
encourage us to investigate it as a support for different
catalysts.

Methylene blue (MB), a cationic dye whose electro-
chemical properties are well known in the solution phase,
has been used as a redox indicator because its formal
potential is between 0.08 and −0.25 V (vs saturated calomel
electrode (SCE)) in solution with pH 2–8 [26]. Because the
molecular weight of MB is low and the interaction between
MB and bare electrode is relativity weak, it can be
interpreted by the leakage of MB molecules on the elec-
trode surface and the loss in the mass of absorbed MB
molecule. To explore methods to increase the mass
absorbed on the electrode surface and improve the stability
of the modified electrode, great efforts have been devoted
to the characterization of the electrochemistry of MB using
electrodes modified with nanomaterials such as nano-Cu2O
[27], carbon nanotubes [28], and nano-SiO2 [29].

Nanotubular titanium dioxide, the new type of catalysis
material possessing a unique combination of physicochem-
ical properties, is a kind of ideal support for different
materials through high cation exchange and strong interac-
tion of ion. Moreover, high specific surface area can make
more material absorb and the performance better. MB,
which is positive in neutral media, is expected to strongly
interact with the TNT to form a new kind of stable MB–
TNT nanostructure. More importantly, MB possesses good
electrochemical properties and the MB+/MB redox couple
has a high self-exchange rate to facilitate the charge
transport, which has been widely used for electrocatalysis
of biomolecule [30–32]. Therefore, the special properties of
the two materials may make the MB–TNT nanocomposite
become a promising nanostructure in future applications
such as photocatalysis, photovoltaic cells, and electrochem-
istry. Herein, we reported an alternative strategy to use TNT
as efficient support to immobilize MB. For comparison,
TiO2 anatase nanoparticles (TNP) decorated with MB was
also used. As demonstrated in the text, the quantity of MB
absorbed onto TNT was found to be greater than that of
TNP and the electrode modified with the MB–TNT film
was more stable than other electrodes as well. In addition,
the study of dopamine (DA) electrocatalysis on MB–TNT
nanocomposite film and the layer-by-layer assembling
multilayer films of the prepared electrochemically func-
tional nanostructure after obtaining a stable colloid suspen-
sion were also reported. To the best of our knowledge, the
present strategy for the preparation of an electrochemically
functional nanocomposite through the adsorption of electro-
active MB onto the TNT and the layer-by-layer method has
not been reported so far. The prepared MB–TNT nano-
composite is believed to be useful for electrochemical and
photovoltaic cells studies.

Experimental

Reagents

TiO2 (produced by Shanghai Haiyi Scientific & Trading),
poly (diallyldimethylammonium chloride) (PDDA; Mw=
20,000), sodium poly (styrenesulfonate) (PSS; Mw=
70,000), and tetraethylammonium hydroxide (TEAOH)
were purchased from Aldrich and used as received. DA
was purchased from Fluka. MB and other chemicals were
all obtained from the chemical reagents company of
Guangzhou (China). All other reagents were of analytical
reagent grade and used without further purification. Doubly
distilled water was used in all aqueous solution preparations
and washings.

Titanate nanotubes synthesis

TNT were prepared following a literature procedure [33].
Briefly, 2 g of titanium dioxide (anatase) was added to 50 ml
of 10 M NaOH solution and heated for 24 h at 130 °C in a
Teflon-lined autoclave. After cooling naturally in air, the
mixtures were centrifuged at a speed of 4,000 rpm and the
precipitates were collected. The white, powdery sample was
thoroughly washed with water then with 0.1 M HCl,
followed by vacuum drying at 80 °C.

Preparation of MB–TNT and MB–TNP

The MB–TNT adsorptive nanostructure was prepared by
sonicating a mixture consisting of 20 mg of TNT and 10 mg
of MB in 10 ml of distilled water for 2 h at room tem-
perature. The resulting suspension was separated by 4,000
rpm centrifugation. The obtained sample was first thor-
oughly rinsed with distilled water to remove nonadsorbed
MB and then dried at 80 °C for 4 h to obtain the MB–TNT
nanocomposite. The MB–TNP was prepared by using a
suitable amount of anatase TiO2 nanoparticles in a similar
way.

Fabrication of MB–TNT and MB–TNP modified electrode

The glassy carbon electrodes (GCE) were first polished
with emery paper (# 2000), 0.3 and 0.05 μm alumina slurry
on a woolen cloth, then cleaned under bath sonication for
10 min, and finally thoroughly rinsed with distilled water.
The suspension solution of TNT was prepared as follows:
20 mg aliquot of the MB–TNT powder was dispersed in
20 ml of 0.1 M HNO3 solution to replace the sodium ions
with protons by stirring for 30 min. The deposit was
separated by centrifuging at 4,000 rpm for 5 min and was
then subsequently dispersed in 5 ml of 0.1 M TEAOH
under stirring for 5 h at room temperature, which resulted in
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a translucent suspension [34]. This suspension was further
diluted to 1 mg/ml and the pH was adjusted to neutral by
using 0.1 M HCl before use. The TNT-modified electrode
(TNT/GCE) was prepared by coating 10 μl of TNT
colloidal suspensions onto GCE. The MB–TNT-modified
electrode (MB–TNT/GCE) could also be prepared by
immersing the TNT/GCE into phosphate buffer (pH 7.0)
containing 5.0×10−4 M MB for 2 h. The as-prepared MB–
TNT/GCE was thoroughly rinsed with water to remove the
nonadsorbed MB. For comparison, MB–TNP-modified
electrode (MB–TNP/GCE) and MB-modified electrode
(MB/GCE) were prepared with the same procedure as that
of MB–TNT/GCE. The MB–TNT/GCE at different pH
values was prepared by adjusting the pH value of the MB
aqueous solution in which the TNT/GCE was immersed.

Fabrication of self-assembled films

A colloidal suspension of MB–TNT nanocomposite was
prepared in the same way as that of the TNT colloidal
suspension mentioned above. The zeta potential experiment
indicated that the pH at the point of zero charge of the MB–
TNT nanocomposite was about 8.5. Tin-doped indium
oxide on glass (ITO) was used as substrate for multilayer
film buildup and was cleaned by sonicating sequentially for
20 min each in acetone, 10% KOH in ethanol, and distilled
water. After the treatment, ITO electrodes were rich in
negative charges. The cleaned pieces were kept in absolute
methanol in plastic containers and were rinsed with water
just before use [35, 36]. The procedure for preparing
multilayer films was as follows: ITO electrodes with
original negative surface charges were treated with aqueous
solution of PDDA for 20 min to form positive surfaces
before layer-by-layer assembly. Multilayer films were
grown by alternately dipping the modified ITO substrates
into negatively charged PSS aqueous solution (10 mg/ml)
and positively charged complex of MB–TNT aqueous
solution (1 mg/ml) for 20 min, respectively. The films were
carefully washed with water after each dipping step and

then dried with N2 gas. This sequence was repeated to
obtain the desired numbers of layers designated as {PSS/
MB–TNT}n.

Apparatus

X-ray photoelectron spectroscopy (XPS) measurements
were done with AXis UltraDLD (Kratos). Both transmission
electron microscopy (TEM) and scanning electron micros-
copy measurements were conducted using a JEM-2010HR
(JEOL) and a DS-720 (Topcon), respectively. The UV–vis
absorption spectra were checked by using a UV3100
spectrophotometer (Shimadzu, Kyoto, Japan). Fourier
transform infrared (FT-IR) spectra were recorded with an
FT-IR spectrophotometer (Bruker, Germany). The zeta
potential was measured by a Zetasizer Nano ZS (Malvern
Instruments, UK).

Electrochemical measurements

Measurements were carried out with a computer-controlled
CHI660B electrochemical workstation (CHI, Austin, TX,
USA) in a conventional three-electrode system using a
modified GCE as working electrode, a platinum wire as
counter electrode, and a SCE as reference electrode. All
potentials were reported in this context with respect to this
reference. The electrochemical solution was bubbled with
pure nitrogen for 30 min to remove oxygen before
measurement. All measurements were performed at room
temperature (25 °C).

Results and discussion

Morphological characterization of the prepared TNT

The typical morphologies of the as-prepared TNT were
displayed in Fig. 1. The TEM images showed that the TNT
present a uniform distribution in an average diameter of

Fig. 1 a TEM image of sam-
ples; b as-prepared TNT, inset
shows the cross-section
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10 nm with the layered structure and the hollow nature of
the tubes are always open on both ends, enabling solution
filling or nanocluster encapsulation into their tubular cavity
(Fig. 1a). A single nanotube was composed of multilayered
walls and 5–6-nm inner diameter with an intershell spacing
of about 0.8 nm (Fig. 1b).

XPS analysis of MB–TNT nanocomposite

The chemical composition of the TNT and MB–TNT
nanocomposite was determined by XPS. The survey spectra
were presented in Fig. 2. It can be seen from Fig. 2 that the
peaks mainly contain the Ti 2p (458.5 eV), O 1s (530.7
eV), and C 1s (285.4 eV). The peaks of the N 1s (399.6 eV)
and S 2p (164.5 eV) appear in the survey spectra of the
MB–TNT nanocomposite. This XPS spectra can serve as an
evidence for the formation of the MB–TNT nanocomposite
and indicate that the nanocomposite contain not only Ti and
O elements but also a small amount of N and S elements,
which was the component of MB molecules.

Spectroscopic studies on MB adsorption onto TNT
and TNP

The MB–TNT and MB–TNP nanocomposites were studied
with UV–vis spectroscopy as shown in Fig. 3. The
spectrum of free MB in aqueous solution displayed a
strong absorbance at 663 nm, which ascribed to the
characteristic of the MB in solution. The absorption of
MB onto the TNT was evident from the spectrum of the
MB–TNT nanocomposite, which was similar to that of free
MB. Compared with that of MB–TNT, the UV–vis
spectrum of MB–TNP was not obvious at the absorbance
peak of free MB. The absorbance peak for MB–TNT was
located at 657 nm, just 6 nm blue shift compared with the

free MB aqueous solution. However, the absorbance peak
of MB shifted to 592 nm after its adsorption onto the TNP.
In contrast with MB–TNP, the UV–vis spectroscopy
suggested that there was no obvious characteristic change
for MB in MB–TNT. Figure 4 shows the FT-IR spectra of
free MB and the MB–TNT and MB–TNP nanostructures.
The FT-IR spectrum of free MB exhibited its ring stretch at
1,599 cm−1, the symmetric stretch of C–N at 1,395 cm−1,
and the symmetric deformation of –CH3 at 1,339 cm−1 [28].
The adsorption of MB onto the TNT was substantial, based
on the FT-IR spectra, because the characteristic spectrum of
MB was almost uniform in the spectrum of the adsorptive
adduct. Moreover, the FT-IR spectrum of free MB was
almost consistent with its adsorption onto TNT. For
instance, the ring stretching band at 1,599 cm−1 was
only shifted to 1,600 cm−1 and the symmetric deformation

Fig. 2 XPS spectra of TNT and MB–TNT nanocomposite

Fig. 3 UV–vis absorbance spectra of MB (solid curve) 0.025 g/dm3

in water, MB–TNT (dash curve) 0.1 g/dm3 in water, and MB–TNP
(dot curve) 0.1 g/dm3 in water

Fig. 4 FT-IR spectra of MB (solid curve), MB–TNT (dash curve),
and MB–TNP (dot curve)
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of –CH3 at 1,339 cm−1 to 1,338 cm−1. Compared with
MB–TNT, the FT-IR spectra of MB–TNP showed the
worst accordance with MB and the characteristic spectrum
of MB in TNP was shifted more than that of MB–TNT.
For instance, the ring stretching band and symmetric
deformation of –CH3 in TNP were shifted to 1,605 and
1,331 cm−1, respectively. The above spectroscopic studies
on MB adsorption onto TNT and TNP strongly showed
that the effect of MB absorbed on TNT was better than
that of on TNP and more MB molecules deposited onto
TNT approximately.

Electrochemical studies of MB–TNT and MB–TNP films

MB, one of the polynuclear aromatic complexes, is a cation
in the oxidized state and readily adsorbs onto negatively
charged surfaces. Electrochemical studies show that, in
aqueous media, MB undergoes a two-electron reduction
and shows a stable and reversible signal at a pH-dependent
potential [37]. Titanate (H2Ti3O7) was a protonic acid, and
nanotubes are in a colloidal state with the negatively
charged surface after treatment with a weak organic base
[38]. MB dissolved in water and readily adsorbed onto
negatively charged titanate nanotube surfaces but it was
relatively difficult to accumulate onto positively charged
TiO2 nanoparticles in the same condition. Figure 5
compared the typical cyclic voltammograms (CVs; the
1st, 30th, and 60th cycle) obtained at the MB–TNT/GCE

(a), MB–TNP/GCE (b), and MB/GCE (c). Figure 5d
compared the CVs of different electrodes after 30 cycles
as well. From Fig. 5d, we can see that the peak current of
MB–TNT was the highest among the electrodes, and the
value was nearly three times greater than that of MB–TNP
electrode after 30 cycles. It proved that TNT carried a
stronger negative surface charge and combined with
positive MB molecules tightly and largely through the
Coulomb force. On the contrary, the MB–TNP electrode
showed that there was less electroactive MB molecules
absorbed on TNP/GCE although the peak current was
greater than MB/GCE because the absorbance capacity of
TNP was smaller. However, we did find that the CV
response obtained with the three electrodes decreased
gradually upon the first 30th potential cycling and then
reached stable value in the next continuous cycle. For MB–
TNT/GCE, the peak current reduced by 10% after 30 cycles
and became stable in later cycles according to Fig. 5a. In
contrast, the decrease of peak current on the MB–TNP/
GCE and bare GCE was 27% and 40% according to Fig. 5b
and c, respectively, despite that they were also stable after
60 cycles. For MB–TNT, TNT possessed stronger negative
charge surface and larger surface area. Consequently, a lot
of positive MB molecules combined with TNT closely
through the Coulomb force and deposited on the TNT
surface. Though some leakage of MB appeared on MB–
TNT/GCE, most of the MB molecules remained closely
linked to TNT because of the intense Coulomb force

Fig. 5 CVs of MB–TNT/GCE
(a), MB–TNP/GCE (b), and
MB/GCE (c) in phosphate
buffer. Solid, dash, and dot
curves represent the 1st, 30th,
and 60th cycles, respectively.
Scan rate=100 mV/s. (d) CVs
of different electrodes in the
30th cycle in phosphate buffer.
Scan rate=100 mV/s
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between the negative TNT and positive MB molecules.
From the CVs of MB–TNP/GCE, we can find that the
quantity of MB absorption was less and the decrease of
peak current was more than that of TNT. TNP, which was
of positive charge in neutral media, lacks strong attraction
force and has less surface area in contrast to TNT [37]. So,
it is reasonable that the positively charged dye show higher
affinity for the anionic TNT surface. Similarly, the quantity
and stability of MB/GCE was also worse than that of MB–
TNT/CCE and MB–TNP/GCE because of the poor adsorp-
tion between MB molecules and glassy carbon surface.

From Fig. 5d, a well-defined, nearly reversible redox
couple with the apparent formal peak midpoint potential
(Ep) of −0.228 V and the peak separation (ΔEp) of 55 mV
was observed for the MB–TNT composite covered with
GCE after 30 cycles. The value of anodic peak current
(ipa)/cathodic peak current (ipc) was 1.01, which was very
close to the value of unity expected when there are no
kinetic or other complications in the electrode process. The
MB–TNP/GCE showed a quasireversible wave with an Ep

of −0.241 V and the ratio of ipa/ipc decreased to 0.88 after
60 cycles. Figure 6 depicted the cyclic voltammograms of
the MB–TNT/GCE in phosphate buffer at various scan
rates. As shown, the ipa and the ipc increased linearly with
the scan rate from 50 to 500 mV/s (inset), which was
characteristic of thin-layer electrochemistry, while the
potential did not change appreciably. This demonstrated
that the redox process of the MB–TNT nanostructure onto
the GCE was a fast and surface-confined process.

The pH value is also a very important factor for the for-
mation of MB–TNT nanocomposite because of the changes
in surface charge [39–41]. Figure 7 showed the CVs of the
MB–TNT/GCE prepared in MB aqueous solution at

different pH values. As can be seen in Fig. 7, the peak
current of the MB–TNT nanocomposite increased signifi-
cantly when the pH of the dye solution was changed from
3.0 to 7.0. This result attribute to the change of zeta
potential of TNT at different pH values. The pH at the point
of zero charge of TNT was about 5.6 according to the zeta
potential experiment. At the pH values below 5.6, the
cationic MB molecules are relatively difficult to combine
with the positive surface of TNT because of electrostatic
repulsion. On the contrary, the surface is most negatively
charged and cationic MB binds most strongly to the TNT
surface when the pH value is higher than 5.6. However, we
also found that the peak current increase from pH 7.0 to 9.0
decreased considerably compared with that of from pH 5.0
to 7.0. This might be due to the saturation for MB
molecules on the surface of TNT when more MB molecules
adsorbed on the TNT with the increase of pH value.

Electrochemical oxidation of dopamine at MB–TNT/GCE

DA is a compound of great biochemical and neurochemical
interest, playing a potential role in human metabolism [42].
CVs of 80 μM DA recorded individually at MB–TNT/GCE
(a), TNT/GCE (b), and bare GCE (c) were shown in Fig. 8.
DA showed a pair of weak irreversible peaks that appeared
at 0.036 and 0.441 V (curve c), possibly due to the fouling
of oxidation product on the electrode surface. At TNT/
GCE, a pair of peaks appeared at 0.3 and 0.072 V with the
peak currents increasing and peak separation decreasing
(curve b). This result can be attributed to the diffusion of
positively charged DA into negatively charged TNT film.
DA is positively charged in neutral media solution [43], and
the negative TNT membrane can favor more cationic DA
molecules to approach the electrode surface and enhances
their electrochemical reaction at the TNT/GCE [44].

Fig. 6 CVs obtained at the MB–TNT/GCE in phosphate buffer. Scan
rate (from inner to outer)=50, 75, 100, 150, 200, 250, 300, 350, 400,
450, and 500 mV/s. Inset shows plots of anodic peak currents vs
potential scan rate

Fig. 7 CVs obtained at the MB–TNT/GCE prepared at pH 9 (a), pH 7
(b), pH 5 (c), and pH 3 (d) in phosphate buffer. Scan rate=100 mV/s
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However, as can be seen from curve a, at the MB–TNT/GCE,
a pair of symmetrical peaks appeared at 0.206 and 0.115 V,
with the peak currents increasing dramatically and the
oxidation peak potential decreasing to about 200 mV
compared to that of bare GCE. According to the result, it is
obvious that the MB–TNT nanocomposite achieved higher
reversibility and better electrocatalysis effect in the electro-
chemical oxidation of DA than TNT film. The better electro-
catalysis effect of DA at MB–TNT/GCE can be attributed to
two reasons. On one hand, the unusual nanotubular structure
and the interesting physicochemical properties make TNT
more effective in DA electrocatalysis through strong absorp-
tion of DA. On the other hand, MB, which possess favorable
electron transfer properties [27], serve as an effective electron
transfer promoter and improve the electron-transfer rate
between DA and electrode surface in the hollow tube of
TNT. These factors act together to facilitate DA electro-
chemical oxidation at the MB–TNT-composite-modified
electrode surface.

Characterization of the multilayer film

Cyclic voltammograms could be used as a characterization
method for layer-by-layer assembly of electroactive species
[45]. Figure 9 showed typical cyclic voltammograms
obtained on the {MB–TNT/PSS}n-modified ITO electrode
in 0.1 M phosphate buffer (pH 7.0) at a scan rate of 0.1
mV/s. The redox peaks currents, which were attributed to
the MB molecules, increased with the increase of the
assembly cycles and were linear with the layer number
(inset; with cathodic peak current) as well. It suggested that
the electrochemical property of MB was not changed in the
MB–TNT complex and the film of MB–TNT nanocompo-
site increased uniformly at the ITO electrode. All these
were indicative of layer-by-layer assembling of the nano-

structure and the same amount of MB–TNT assembled in
each layer.

The growth of multilayer film was also monitored by
UV–vis spectroscopy. Figure 10 showed the absorbance of
the self-assembled {PSS/MB–TNT}n multilayers on the
quartz slide. Clearly, there was an absorption peak at about
263 and 600 nm in each bilayer. The former absorbance
peak was ascribed to TNT [46] and the latter one was the
characteristic peak for MB. The absorbance increased
linearly with the growth of layer number (inset in
Fig. 10), which indicated that the growth of the film
assembly was uniform spectroscopically. When the nega-
tively charged PSS was replaced by positively charged
PDDA, no growth of the film was observed. All these

Fig. 8 CVs of MB–TNT/GCE (a), TNT/GCE (b), and bare GCE (c) in
the presence of 80 μM DA; MB–TNT/GCE in phosphate buffer
(d). Scan rate=100 mV/s

Fig. 9 CVs corresponding to the {PSS/MB–TNT}n multilayer films
assembled at ITO electrode in phosphate buffer (pH 7.0) with n=1, 2,
3, …6. Inset shows plots of anodic peak currents vs different layer
numbers. Scan rate=100 mV/s

Fig. 10 UV–vis absorption spectra for PSS/MB–TNT multilayer film
fabricated from nanotube concentration of 1 g/dm3 and deposition
time of 20 min. Inset shows the plot of absorbance at 230 nm vs the
number of layer pairs
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results further demonstrated the formation of the complex
and charge conversion of the MB–TNT nanocomposite.

Conclusions

A comparative study between the immobilization of MB
with titanate nanotubes and TiO2 anatase nanoparticles as
the support substrate was carried out. UV–vis absorption
and FT-IR spectra showed that the effect of MB absorbed
on TNT was better than that of TNP. The electrochemical
properties of MB–TNT were studied by cyclic voltammetry
and the results demonstrated that the stability of MB–TNT/
GCE was the best among the three different electrodes and
the redox of MB–TNT at the electrode surface was a
surface-controlled process. The pH value of the reaction
solution was found to be an important factor for the
adsorption of the cationic MB molecule. The electro-
catalytical ability of different modified electrodes towards
DA was compared and the electrocatalytic mechanism has
been discussed. It was found that the MB–TNT-modified
electrode showed favorable electrocatalysis to DA. Further-
more, the thin film of the functional nanocomposite was
fabricated by an alternate-layer deposition process from a
stable, colloidal solution of MB–TNT. An expected
electrochemical function of the MB–TNT nanocomposite
has been achieved successfully. The excellent electrochem-
ical ability and the easy fabrication of the layered nano-
composite make them very promising materials in
electrochemistry study and new nanotube-based devices.
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