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Platinum (Pt)/carbon nanotube (CNTs) nanocomposites were fabricated on the basis of Pt precursors reduced by hydrogen plasma generated
by microwave process. The Pt nanoparticles were uniformly dispersed on multi-walled CNTs. Such nanocomposites exhibit remarkable
catalytic performance towards the oxidation of methanol. The concentration of methanol was determined by a chronoamperometric
method by using the Pt/CNTs modified glass carbon electrode (Pt/CNTs/GCE) at an oxidation potential of 0.7 V against the saturated
calomel electrode. The Pt/CNTs/GCE showed a good performance for detecting methanol because of the unique properties of CNTs
which increased the active surface area of the electrode and accelerated the electro transfer. The linear detection range of methanol was
determined to be from 2.0 × 10−4 to 10.0 M in two slopes with a detection limit 5 × 10−5 M at a signal-to-noise ratio of 3. The
performance of the Pt/CNTs/GCE in terms of stability, linear range and detection limit shows its potential application for methanol detection.
1. Introduction: Direct methanol fuel cells (DMFCs) have
attracted much attention because of their advantages of low
operating temperature, easy transportation and storage of the fuel,
high energy efficiency, low exhaustion and the fast start-up of
fuel [1, 2]. DMFCs use methanol as fuel at the anode and oxygen
or air as oxidant at the cathode. As the concentration of methanol
fluctuates during electrochemical reactions, it affects the cell
performance [3, 4]. The concentration of methanol used to
increase the power density of cells has been studied [5]. As the
concentration of methanol plays a vital role and affects the
performance and durability of the fuel cell, it is necessary to
develop a robust, reliable and sensitive in situ method to
determine the methanol concentration. Several analytical methods
have described the determination of methanol among which
chromatography [6], surface plasmon resonance (SPR) [7] and
Fourier transform infrared spectroscopy [8] are more common.
These methods have disadvantages in that they are expensive and
far from the on-site where the analysis is actually needed.
Recently, numerous studies based on a Pt nanoparticles modified
membrane electrode or a glass carbon electrode (GCE) for the
determination of methanol concentration were investigated [9–12].
In fact, besides platinum (Pt) nanoparticles, nanocomposites with
Pt nanoparticles as one component have also been drawing more
and more attention owing to their potential application in many
fields [13–15]. Pt nanoparticles are usually supported on
multi-walled carbon nanotubes (CNTs), which are of great
interest as nanoparticles supports for application in fuel cells
because of their large surface area, outstanding electronic
transport and structural properties [16–19]. However, to the best
of our knowledge, there are limited reports about application in
the electrochemical detection of methanol using Pt/CNTs
nanocomposites as the modified electrode materials.

In this reported work, Pt/CNTs nanocomposites were synthesised
via microwave hydrogen plasma reduction process and we
evaluated their application as electrode materials for the electro-
chemical detection of methanol. It was found that high dispersion
Pt nanoparticles were achieved on CNTs and the nanocomposites
exhibit remarkable catalytic performance towards the oxidation
of methanol. The Pt/CNTs modified glass carbon electrode
(Pt/CNTs/GCE) showed a long-term stability, wide linear range
and low detection limit.
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2. Experimental
2.1. Synthesis and pretreatment of CNTs: Multi-walled CNTs were
synthesised with a home-made microwave plasma chemical vapour
deposition (MWPCVD) apparatus by using CH4/H2 and cobalt as
raw materials and catalysts, respectively. The details of the
apparatus were given in [20]. During the synthesis of CNTs, the
total reaction pressure in the chamber was kept at 4 kPa and
the flow rates of CH4 and H2 were 3.3 and 55 sccm, respectively.
The input power of the microwave plasma was 500 W with a
growth time of 1 h.

The CNTs were washed by immersion in concentrated HNO3 in
an ultrasonic bath for 1 h, and then stirred for 5 h at 80°C under
magnetic stirring. Later, the wet powder was washed with deionised
water until the pH of the filtrated solution was 7. Finally, the
powder obtained was dried overnight at 60°C. The purpose of the
acid treatment was to implant surface oxides on the surface of
the CNTs, creating a number of oxide groups such as carboxylic,
carbonyl and hydroxylic groups [21].

2.2. Synthesis of the nanocomposites: The Pt/CNTs
nanocomposites were prepared at a CNTs/metal ratio of 80 and
20 wt%, respectively. H2PtCl6·6H2O were directly used as the
precursors and were dissolved in deionised water. CNTs were
poured into the precursor solution. After ultrasonic blending for
2 h, the suspension was heated at 60°C under magnetic stirring to
let the solvent evaporate till a smooth thick slurry resulted. The
slurry was dried overnight at 60°C in an oven. The obtained
agglomerates were ground in an agate mortar. Then, the mixed
powder materials (Pt precursors) were put into the MWPCVD
chamber, and reduced by hydrogen plasma for 60 min. During
the reduction of Pt precursors, the input power of the microwave
plasma was 200 W. The total reaction pressure in the chamber
was maintained at 3 kPa with an H2 flow rate of 55 sccm. Finally,
the obtained powder materials were cooled to room temperature
in N2 atmosphere.

2.3. Preparation of Pt/CNTs/GCE: Prior to modification, the GCE
of 3 mm diameter was polished with an alumina suspension (Ф
0.05 μm) until the surface became mirror-like. 10 mg of Pt/CNTs
nanocomposites was dispersed ultrasonically for 30 min in a
solution mixture of isopropyl alcohol (2 ml) and 5 wt% Nafion
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Figure 1 TEM images, size distribution of supported Pt nanoparticles, and
XRD pattern
a TEM image of CNTs
b TEM image of Pt/CNTs
c Size distribution of supported Pt nanoparticles
d XRD pattern of Pt/CNTs

Figure 3 LSV in 0.1 M H2SO4 electrolyte in the presence of 1 M methanol
(scan rate: 50 mV s−1)
solution (200 μl) (Dupont, USA). Then, 5 μl of the suspension was
coated onto the GCE and dried in an oven at 60°C for 30 min.

2.4. Physicochemical characterisation: Structural characterisation
of the Pt/CNTs was carried out by X-ray diffraction (XRD, D2)
with Cu Kα radiation at a scanning speed of 0.01° s−1. The
crystallite sizes were calculated by means of the Debye-Scherrer
equation considering the plan (220) of the face-centred cubic
(fcc) structure of Pt. The morphology of Pt/CNTs was
investigated using a Model JEM-2100 transmission electron
microscope (TEM) operated at 200 kV. The chemical valences of
Pt in the prepared Pt/CNTs were analysed by X-ray photoelectron
spectroscopy (XPS, VG Multilab 2000).

2.5. Electrochemical measurement: Cyclic voltammetry (CV),
linear sweep voltammetry (LSV) and chronoamperometry were
executed with a Solartron Modulab ECS analyser. A three-
electrode configuration was employed, consisting of a modified
GCE (Ф 3 mm) serving as a working electrode, a saturated
calomel electrode (SCE) and Pt wire serving as a reference and a
Figure 2 Survey XPS spectra of Pt/CNTs
a XPS spectra
b Pt 4f spectra
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counter electrode, respectively. All the potentials throughout this
Letter are referred to as SCE. All the electrochemical experiments
were conducted at room temperature.

3. Results and discussion: The TEM images of the CNTs and Pt/
CNTs are shown in Figs. 1a and b, respectively. The tube-like
structure seen in all the TEM micrographs were the multi-walled
CNTs and the dark spots represented the Pt nanoparticles, where
the wall of the CNTs with some defects was observed (Fig. 1a)
owing to acid treatment. It can be seen (Fig. 1b) that there existed
a well-dispersed Pt nanoparticles adlayer on the wall of the
CNTs. The particle size distribution histograms of the Pt/CNTs
are shown in Fig. 1c. The statistical results were obtained from
more than 100 Pt nanoparticles and the mean particle size was
found to be 2.7 nm. These images clearly reflected that the Pt
nanoparticles can be uniformly deposited over surface defect sites
of oxidised CNTs by the hydrogen plasma reduction method.

The XRD pattern of the Pt/CNTs is shown in Fig. 1d. The peak at
2θ = 26.2° corresponds to the (002) planes of graphitised CNTs and
the peaks at 2θ = 39.9°, 46.6°, 67.7° and 81.6° can be assigned to
the (111), (200), (220) and (311) crystalline planes of the fcc Pt
structure. The average crystalline size of Pt supported on CNTs
was calculated based on the Pt (220) peak from Scherrer’s equation
[22] and was found to be 2.6 nm, correlating well with the mean
particle size estimated from the TEM image.

The electronic state and surface composition of the Pt/CNTs was
also analysed by XPS, as shown in Fig. 2. As the survey scan
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Figure 4 CVs of Pt/CNTs/GCE
a CVs in H2SO4 electrolyte with different H2SO4 concentrations from 0.05
to 2 M in the presence of 1 M methanol (scan rate: 50 mV s−1)
b Effect of H2SO4 concentration on the peak current value towards 1 M
methanol at 0.7 V against SCE

Figure 5 LSV of Pt/CNTs/GCE
a LSV in 0.1 M H2SO4 electrolyte in the presence of 1 M methanol with
different scan rates
b Corresponding plot of current against the square root of scan rate
depicted in Fig. 2a, the appearance of the Pt signal demonstrated
that the Pt nanoparticles were successfully deposited on the
CNTs. Fig. 2b represents the XPS signature of the Pt 4f doublet
(4f7/2 and 4f5/2) for the Pt nanoparticles supported on the CNTs.
The Pt4f7/2 and Pt4f5/2 peaks appeared at 71.75 and 75.06 eV, re-
spectively, which shifted remarkably to the higher binding energy
compared with the standard binding energy of Pt4f7/2 and Pt4f5/2
for the Pt state (70.83 and 74.23 eV) [23]. The shift of binding
energy could be attributed to several factors such as small Pt particle
size and defects on the surface of the CNTs, which indicated the
strong interaction between the Pt nanoparticles and the CNTs. As
Kim and Mitani [24] mentioned previously, the binding energy
was shifted towards higher energy with decreasing particle size.

The activity of the bare GCE, CNTs modified GCE (CNTs/GCE)
and Pt/CNTs/GCE towards the electrochemical detection of metha-
nol was investigated by linear sweep voltammetry (LSV). Fig. 3
shows the electrocatalytic responses of these electrodes towards
the oxidation of methanol in 0.1 M H2SO4 electrolyte with the pres-
ence of 1 M methanol, both bare GCE (curve c) and CNTs/GCE
(curve b) exhibit no response peak at 0.7 V against the SCE corre-
sponding to the oxidation of methanol. It was noteworthy that the
CNTs/GCE showed a higher current intensity as compared with
the GCE, which could be because of the unique properties of
CNTs that increased the active surface area of the electrode and
accelerated the electro transfer via improved conductivity and the
892
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good affinity of CNTs to methanol. In contrast, the Pt/CNTs/GCE
(curve a) displayed a well-defined peak at 0.7 V against the SCE
with the highest current intensity, indicating that the role of Pt
nanoparticles supported on the CNTs exhibit excellent catalytic per-
formance towards the oxidation of methanol, which was attributed
to the charge hopping through the metallic Pt nanoparticles and the
effective charge migration through the CNTs.

The effect of the H2SO4 concentration on the activity of the Pt/
CNTs/GCE was examined. Fig. 4 shows the CVs of the Pt/CNTs/
GCE in the H2SO4 electrolyte with different H2SO4 concentrations
from 0.05 to 2 M in the presence of 1 M methanol. It is seen that the
current towards the oxidation of methanol at 0.7 V against SCE
increased with increasing H2SO4 concentration and reached a
maximum at a concentration of 0.1 M. Then, the current decreased
as the H2SO4 concentration was further increased. Therefore the
H2SO4 concentration of 0.1 M was selected as the supporting
electrolyte in the work. Furthermore, the effect of scan rate on the
electro-oxidation of methanol on the Pt/CNTs/GCE was also inves-
tigated, as shown in Fig. 5. It can be observed that the peak current
density was linearly proportional to the square root of the scan rates,
which revealed that the electrocatalytic oxidation of methanol on Pt/
CNTs/GCE was a diffusion-controlled process [25].

The applicability of the Pt/CNTs/GCE to the detection of meth-
anol was studied. Chronoamperometry experiments at 0.7 V
against SCE were conducted in 0.1 M H2SO4 electrolyte.
Chronoamperograms are shown in Fig. 6a, the concentration of
methanol varied from 2 × 10−4 to 10.0 M. The current at the end
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Figure 6 Chronoamperograms and calibration curve
a Chronoamperograms observed for the detection of methanol in 0.1 M
H2SO4 electrolyte at 2 × 10−4 to 10.0 M methanol by using Pt/CNTs/GCE
at a potential of 0.7 V against SCE for 200 s
Inset: Local amplification of chronoamperograms for 2 × 10−4 to 0.1 M
b Calibration curve obtained for the detection of methanol on Pt/CNTs/GCE
by chronoamperometry
Inset: Calibration plot for 2 × 10−4 to 0.1 M

Figure 7 Stability test (at 0.7 V against SCE) obtained with Pt/CNTs/GCE
in 0.1 M H2SO4 in the presence of 1 M methanol
time of 200 s was recorded and considered to be the response
current of the electrode. It can be seen from Fig. 6b that the
current at the Pt/CNTs/GCE linearly increased with the increase
in methanol concentration with a break at 0.1 M. The two
dynamic ranges for methanol detection from 2 × 10−4 to 0.1 M
and from 0.1 to 10.0 M can be expressed by the two equations:
i = 18.31446 [C ] – 0.08277 and i = 3.31064 [C ] + 3.35434, where
[C ] is the concentration of methanol as shown in Fig. 6b. The
Table 1 Comparison of this work with the literature works regarding the
performance of the methanol assays

Type of
electrode

Detection
limit, M

Linear range, M Refs

SE/Pt/GC 1 × 10−4 2.5 × 10−4− 0.01 and
0.05–10

Park et al. [9]

MEA 0.5 0.5–2 Sun et al. [11]
MEAs 0.2 0.2–3 Kondoh et al.

[12]
Pt/CNTs/GCE 5 × 10−5 2 × 10−4− 0.1 and

0.1–10
this work
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detection limit was estimated to be 5 × 10−5 M (S/N = 3).
Compared with most previously reported detection systems [10–
12], the Pt/CNTs/GCE described here have a lower detection
limit and a wider linear range. The detailed comparison of our
present work with others is shown in Table 1.

The stability of the Pt/CNTs/GCE was also evaluated by chrono-
amperometry at 0.7 V against SCE. A 16 h continuous test was con-
ducted in 0.1 M H2SO4 in the presence of 1 M methanol. The
solution was refreshed at intervals of 2 h. The result of this test is
depicted in Fig. 7. As shown in the Figure, the currents of the
Pt/CNTs/GCE maintained a stable current within the operating
period, implying the good stability of the Pt/CNTs/GCE.

4. Conclusions: In summary, we have synthesised Pt/CNTs
nanocomposites through the hydrogen plasma reduction process.
The Pt nanoparticles were uniformly and narrowly dispersed on
the CNTs with small particle sizes. The obtained Pt/CNTs have
been used for the electrochemical detection of methanol. The Pt/
CNTs/GCE showed long-term stability, wide linear range and
low detection limit. Compared with the modified electrode in the
literature [9], the performance for the detection of methanol was
further improved possibly because of the enhanced electron
transfer in the Pt–CNTs hybrid system, which was attributed to
the charge hopping through the metallic Pt nanoparticles and the
effective charge migration through the CNTs. Hence, the Pt/
CNTs/GCE is promising for the determination of methanol at the
levels expected.
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