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a b s t r a c t

A novel and facile method was introduced for the preparation of carbon nanotubes/copper oxide (CNTs/

CuOx) nanocomposites, which is based on in situ spontaneous redox reaction between Cu2þ and Sn2þ .

Sn2þ was adsorbed on the CNTs and displayed an important bridge role between the CNTs and Cu2þ .

The CNTs/CuOx nanocomposites can be obtained in situ by the spontaneous redox reaction between

Cu2þ and Sn2þ at ambient atmosphere. The proposed CNTs/CuOx nanocomposites were investigated by

transmission electron microscopy, energy dispersive X-ray microanalysis, X-ray diffraction, X-ray

photoelectron spectroscopy and electrochemistry. Almost 5 nm CuOx nanoparticles were well dis-

tributed on the surface of CNTs and showed excellent electrochemical activity. The preliminary

application of CNTs/CuOx nanocomposites toward electrocatalytic reduction of nitrate was also

investigated.

& 2012 Elsevier B.V. All rights reserved.
1. Introduction

Carbon nanotubes (CNTs) have attracted considerable attention
since its first discovery [1], due to their significant mechanical
strength, high surface area, excellent electrical conductivity, and
good chemical stability. Nowadays, especially the CNTs/metal or
CNTs/metal oxide nanocomposites have aroused great interest due
to their important potential application in sensor devices, solar
cells and electrocatalysts [2,3]. Over the past few decades, several
metal nanoparticles [4,5] and metal oxide nanoparticles [2] have
been incorporated to CNTs. Therefore various methods have been
developed to fabricate CNTs/metal or CNTs/metal oxide nanocom-
posites, including solvothermal synthesis [6], ultrasonication-
assisted synthesis, electrochemical deposition [7], reflux synthesis
[8] and electroless plating.

In this paper, a facile and effective two-step strategy was
employed to synthesize the CNTs/CuOx nanocomposites through
in situ spontaneous reduction, in which Sn2þ was used as a bridge
and an efficient reductant. The Sn2þ was firstly adsorbed on the
CNTs, and spontaneously reduced the Cu2þ to form CNTs/CuOx

nanocomposites. The properties of the resulting nanocomposites
All rights reserved.

.

were studied by the transmission electron microscopy (TEM),
energy dispersive X-ray microanalysis (EDS), X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS) and cyclic voltam-
metry. The preliminary application of CNTs/CuOx nanocomposites
to electrocatalytic reduction of nitrate was also investigated.
2. Experimental

Reagents and instruments: Multi-walled carbon nanotubes
were purchased from Shenzhen Nanotech, China. All the chemical
reagents were of analytical grade and used as received.
All solutions were prepared with freshly deionized water. The
morphology and elemental composition of the modified electro-
des were characterized by TEM (JEOL-1400), EDS (HORIBA EX-
350), XPS (Kratos Analytical AMICUS, a Mg Ka X-ray source
operated at 150 W, 10 kV, 15 mA) and XRD (PAN analytical X’Pert
PRO system with Cu Ka radiation). All the electrochemical
experiments were carried out in a conventional three-electrode
cell controlled by CHI 660D Electrochemical Work Station. A
modified glassy carbon (GC) disk (3 mm in diameter) was used
as the working electrode, with an Ag/AgCl electrode and platinum
foil serving as the reference and counter electrodes, respectively.

Preparation of CNTs/CuOx nanocomposites: The CNTs were pur-
ified with a mixture of HNO3 and H2SO4 (1:3 in volume). Then
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Fig. 2. EDS pattern of CNTs/CuOx nanocomposites.
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1 mg of purified CNTs was dispersed in 1 ml deionized water by
vigorous ultrasonication to get CNTs suspension. Subsequently,
1 ml of 0.01 M SnCl2 (pH 1.0) was added, followed by ultrasonica-
tion for 30 min to allow Sn2þ to be adsorbed on the side wall of
CNTs. Then 2 ml of 0.1 M CuCl2 was added to the above mixture
followed by another 30 min of ultrasonication. The mixture was
placed in ambient atmosphere for one night; then the suspension
was centrifuged and washed sufficiently to remove the residual
Cu2þ , and then dispersed in 1 ml of deionized water to form CNTs/
CuOx nancomposites. The CNTs/CuOx nanocomposites modified GC
electrode was prepared by dropping 10 ml of the resulting suspen-
sion and the solvent allowed to evaporate under an infrared lamp
to obtain a uniform modifying layer.
Fig. 3. CV curves of the bare GC (a), GC/CNTs (b), and GC/CNTs/CuOx (c) electrodes

in 0.1 M Na2SO4 (pH 2.0), scan rate: 0.1 V s�1.

Fig. 4. DPV recorded at GC/CNTs/CuOx electrode without nitrate (dot line) and
3. Results and discussion

Characteristics of the CNTs/CuOx nanocomposites: The CNTs/
CuOx nanocomposites were fabricated by a two-step strategy.
The Sn2þ can be easily adsorbed onto the functional multiwall
carbon nanotubes and was also widely used to sensitize and
increase the wetting of CNTs surface [9,10]. On the other hand,
considering the the standard redox potential of redox couple of
Sn4þ/Sn2þ (ESn4þ =Sn2þ ¼ 0:1539V) is much lower than that of
Cu2þ/Cu (ECu2þ =Cu ¼ 0:3394V), the reduction of Cu2þ and the
oxidaiton of Sn2þ can occur spontaneouly. The CuOx nanoparti-
cles may be in situ deposited on the side wall of CNTs by the
redox reaction driving force with Sn2þ .

Fig. 1 shows the micrographs of CNTs and CNTs/CuOx nano-
composites. The surface of the pure CNTs is very smooth (Fig. 1a),
while lots of uniform nanoparticles about 5 nm in diameter can
be observed at the surface of CNTs (Fig. 1b). From the EDS pattern
of CNTs/CuOx nanocomposites (Fig. 2), it can be seen that C, O, Cu,
Fe, Al, and Si are the major elements. Si may come from the silicon
sealant. Fe and Al come from the base aluminum foil. The
existence of Cu element and the absence of Sn element can also be
indicated. The same result can also be obtained from XPS (Fig. S1).
Moreover, the presence of the peak at 934.8 eV, corresponding to
the binding energy of Cu 2p3/2 along with two satellite peaks
(943.8 eV and 962.3 eV), is due to the presence of CuO in the
composite, which agrees well with the literature report [11]. The
peak at 932.3 eV corresponding to the binding energy of Cu 2p3/2
indicates the presence of Cu2O phase in the nanocomposites [12].
On the other hand, the typical peaks of CNTs (25.81), CuO (35.71,
38.91, 49.21) and Cu2O (37.01, 42.61) also can be observed from the
XRD spectrum (Fig. S2).

The cyclic voltammogram (CV) curves recorded at the bare GC,
GC/CNTs and GC/CNTs/CuOx electrodes are shown in Fig. 3. There
are no redox peaks obtained for the bare GC electrode while a pair
of broad redox peaks at 0.34 and 0.28 V ascribed to the redox of
Fig. 1. TEM images of CNTs (a) and CNTs/CuOx nanocomposites (b).

with 10, 40, 70, 100, 300, 500 and 700 mM nitrate (solid line) in 0.1 M Na2SO4

(pH 2.0).
functional CNTs defect sites can be obtained at the GC/CNTs
electrode. A sharp anodic stripping peak and two reduction peaks
can be seen from the GC/CNTs/CuOx electrode, which proves the
redox of Cu. The electrochemical experiments imply that the
CNTs/CuOx has excellent electrochemical reactivity and may have
application in electrocatalysis.

Preliminary application of the CNTs/CuOx nanocomposites: The
electrocatalytic activity of the CNTs/CuOx nanocomposites toward
nitrate was investigated preliminarily. Fig. 4 shows the differen-
tial pulse voltammetry (DPV) response of GC/CNTs/CuOx electrode
as a function of nitrate concentration. The results indicate that the
GC/CNTs/CuOx electrode has nice electrocatalytic response to
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nitrate in the range of 10 mM to 0.7 mM. Additionally, it should be
noted that the reduction peak potential is almost at �0.28 V,
which means that the nanocomposites modified electrode has
much higher onset potential than most of the electrodes for
electrocatalysis of nitrate [13] and the superior electrocatalytic
activity for electrochemical reactions [14]. Moreover, the nano-
composites have excellent stability. After 10 times electrocataly-
sis experiments, the morphology (Fig. S3) and electrochemical
performance (Fig. S4) of materials do not have obvious change.
4. Conclusions

A two-step method via an in-situ spontaneous redox reaction
was used here to synthesize CNTs/CuOx nanocomposites. Sn2þ

was utilized as a bridge and reducing agent. Extensive character-
izations of CNTs/CuOx nanocomposites were studied and the
results showed that CuOx nanoparticles were well distributed
on the side wall of the CNTs. Additionally, the nanocomposites
have good electrocatalytic responses to nitrate reduction and can
be used for development of nitrate sensors.
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