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INTRODUCTION

Melamine, also known as protein fine, is an organic base
with the chemical formula C3H6N6, with the IUPAC name 1,3,5-
triazine-2,4,6-triamine. It is mainly used in the production of
melamine-formaldehyde resin, widely used in the production
of something like coatings, fabrics, paper-making, etc.1. Due
to the content of nitrogen can be as high as 66.67 %, some
illegal pedlars add it into the food product in order to give the
false appearance of a higher level of protein than the true
value2,3. Melamine itself is slightly toxic, have adverse effect
on the kidney and bladder as a result of being kidney stones,
or even bladder cancer would induced by inhaled or absorbed
for a long time4. Therefore, simple and sensitive methods of
determining trace amounts of melamine are needed to deal
with these problems. Many methods have been developed in
recent years, for example, high-performance liquid chromato-
graphy5,6, gas or liquid chromatography-mass spectrometry7,8,
enzyme-linked immunosorbent assay9, capillary electropho-
resis10, electrochemical method11-13, etc. Compared with the
other methods, electrochemical method has the characteristics
of simplicity, low cost, accuracy, sensitivity and high stability.

Multiwalled carbon nanotubes (MWCNTs) have obtained
considerable attention because of their unique physical,
chemical and electrical property, large specific surface area,
subtle electronic properties and have catalytic activity14,15. Gold
nanoparticles (AuNPs) have attracted much attention because
of its easy preparation, good biocompatibility and relatively
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A new electrochemical sensor was prepared based on multi-walled carbon nanotubes/gold nanoparticles and Nafion composite film
immobilized on glassy carbon electrode, which showed an excellent electrocatalytic activity for oxidation of melamine. Under optimal
conditions, the oxidation peak current was found to be linearly related to melamine concentration over the range of 3.9 × 10-6-4.0 × 10-3

mol/L with a detection limit of 1.9 × 10-6 mol/L and the recovery ratio was 94.6-101 %. This method for determination of melamine
exhibited good stability, reproducibility and with easy preparation, which showed potential applications for practice.
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large specific surface area, etc.16,17. Multiwalled carbon
nanotubes and gold nanoparticles composite have both their
advantage, especially the construction of the sensor has draw
the attention of the scientific researchers. In addition, Nafion
is a good cation exchange agent, it shows good exchange prop-
erties which is usually used as electron transfer.

In this study, a novel electrochemical sensor for the
determination of melamine was introduced, which was cons-
tructed by Nafion/MWCNTs-AuNPs composite film modified
glassy carbon electrode. The modified electrode showed an
excellent catalytic behaviour for the oxidation of melamine
and can be used to detect melamine.

EXPERIMENTAL

Electrochemical experiments were performed with a
CHI650 electrochemical workstation (USA, CHI). A conven-
tional three-electrode system was used where glassy carbon
(GC) (3 mm diameter) or chemically modified GC electrodes,
rotating platinum wire electrode and a Ag/AgCl (saturated
KCl) were used as working, counter and reference electrodes,
respectively. All potentials in this work referred to this refer-
ence electrode.

A stock standard solution of melamine was prepared in
HCl (0.1mol/L) at a concentration of 7.9 × 10-3 mol/L and was
stored in a refrigerator. MWCNTs (Diameter 10-15 nm,
University of Marburg, Germany, Department of Chemistry,
Materials Science Center), HAuCl4 (0.1 %), Nafion (0.5 %
ethanol solution, Fluka), HCl (38 %), other reagents were of
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analytical grade and the experimental water were double
distilled water.

General procedure: Gold nanoparticles were prepared
according to the literature18: 50 mL of HAuCl4 (0.01 % w/w)
solution was heated to boiling under a reflux condenser and
sufficiently stirred conditions, 1 mL of sodium citrate solution
(1 %) was added quickly to the boiling HAuCl4 with stirring.
After that, the mixture was stirred for 0.5 h until the colour of
the mixture changed from brown to wine red and then stopped
heating. The stirring was continued until the temperature of
the mixture decreased back to room temperature to get AuNPs,
which were stored in a refrigerator.

The GC electrode was polished with 1.0, 0.3 and 0.05 µm
alumina slurry, then rinsed ultrasonically with 1:1 nitric acid
solution, ethanol and doubly distilled water, respectively and
dried in air. 2 mg of MWNTs was dispersed in 2 mL of N,N-
dimethyl-formamide by using ultrasonic agitation, then added
in 2 mL of AuNPs glue solution to obtain MWCNTs-AuNPs
suspension. 6 µL of the MWCNTs-AuNPs suspension was
dropped on the surface of GC electrode and dried in an infrared
lamp to give a MWCNTs-AuNPs/GC electrode. Then, 5 µL
of Nafion solution (0.5 % in ethol) was dripped onto the
MWCNTs-AuNPs film, a Nafion/MWCNTs-AuNPs/GC
electrode was obtained.

Detection method: Electrochemical measurements were
performed on a CHI650 electrochemistry workstation with a
conventional three-electrode system mentioned above. Scan
range of electrochemical test is 0-1.5 V, with the scan rate of
100 mV/s. All experiments were carried out at room temperature.

RESULTS AND DISCUSSION

Electrocatalytic activity for melamine of the modified

electrode: As shown in Fig. 1, the electrochemical behaviour
of melamine at bare GC (curve a), AuNPs/GC (curve b),
Nafion/GC (curve c), MWCNTs/GC (curve d), MWCNTs-
AuNPs/GC (curve e), Nafion/MWCNTs-AuNPs/GC (curve f)
electrode were investigated by circulation voltammograms
(CV). In melamine solution, no obvious peak was found at
the bare GC and AuNPs/GC, but a couple redox peaks were
found at Nafion/GC at about 0.85V and 0.62V. Comparing
this, besides a couple redox peaks of MWCNTs at about 0.4V,
another couple redox peaks appeared at MWCNTs/GC (0.65V
and 0.55 V), MWCNTs-AuNPs/GC (0.7 and 0.6 V) and
Nafion/MWCNTs-AuNPs/GC (0.74 and 0.63 V). The oxida-
tion peak current is maximum at Nafion/MWCNTs-AuNPs/
GC, which demonstrates that this composite film possess good
electro-catalytic activity to melamine. A single oxidation peak
of melamine appeared at 0.7 V, indicating an irreversible
electro-chemical process (curve g and f).

Optimization of experimental conditions

Influence of base solution and its concentration:

Experiment showed that HCl was the optimal base solution
for this study. And under the same conditions, influence of
the concentration of HCl on the oxidation peak current at
Nafion/MWCNTs-AuNPs/GC electrode was investigated too.
Results showed that the oxidation current of melamine is higher
at 0.1 mol/L HCl. Therefore, 0.1 mol/L HCl was used as base
solution for the experiments.

Fig. 1. CVs at bare GC (a), AuNPs/GC (b), Nafion/GC (c), MWCNTs/GC
(d), MWCNTs-AuNPs/GC (e), Nafion/MWCNTs-AuNPs/GC (f) in
1.85 × 10-3 mol/L melamine + 0.1 mol/L HCl and Nafion/MWCNTs-
AuNPs/GC (g) electrode in 0.1 mol/L HCl

Influence of MWCNTs-AuNPs film thickness: Influence
of the film thickness of the MWCNTs-AuNPs composite on
the melamine oxidation was studied. Experiments showed that
with improving the amount of MWCNTs-AuNPs suspension
from 2 to 6 µL, the oxidation peak currents of melamine
enhanced remarkably. And when 6 µL MWCNTs-AuNPs
suspensions were used, the oxidation peak current can reach
its maximum value. Increasing the amount of MWCNTs-
AuNPs suspension from 6 to 12 µL, the oxidation peak currents
of melamine changed slightly. So, 6 µL MWCNTs-AuNPs
suspension was chosen to prepare the sensor.

Influence of scan rate: Influence of scan rate on the
oxidation of melamine at Nafion/MWCNTs-AuNPs/GC elec-
trode was investigated in the range of 20-300 mV/s for 1.85 ×
10-3 mol/L melamine by linear sweep voltammetry (Fig. 2). It
is clear that with increase of scan rate, the oxidation peak current
increases and, the oxidation current was found to be linear to
square root of scan rate (Fig. 2). The linear regression equation
is Ip (µA) = -4.0058 + 4.41767ν

1/2 (R = 0.9985), suggesting
that this electrochemical process is diffusion-controlled.

Calibration curve: Under the optimal conditions, the
relationship between the oxidation peak current and the
melamine concentration give a good linear from 3.9 × 10-6 to
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Fig. 2. CVs of Nafion/MWCNTs-AuNPs/GC electrode at different scan
rates (from inner to outer: 20-230 mV/s, respectively) in 1.85 × 10-

3 mol/L melamine (0.1 mol/L HCl), inset chart: The relationship
between reduction peak current and scan rate

4.0 × 10-3 mol/L (Fig 3). The regression equation is Ip(µA) =
13.51 + 13.67961c (mmol/L) (R = 0.9988) with the detection
limit of 2.0 × 10-6 mol/L.

Fig. 3. Standard curve for different concentration of folic acid at Nafion/
MWCNTs-AuNPs/GC electrode in1.85 × 10-3 mol/L melamine (0.1
mol/L HCl)

Recovery test: Under the optimal conditions, the Nafion/
MWCNTs-AuNPs/GC electrode was used for the detection
of melamine in 0.1 mol/L HCl. According to the blank standard
addition method, we added different concentrations of
melamine to the electrolytic cell, then determined their peak
current and calculated their recoveries. Table-1 showed the
recovery of melamine was 94.6-101 % and the average recovery
of melamine was 97 %. It shows that the proposed method
can be efficiently used for determination of melamine.

Interference studies: Under the same conditions, the
influences of some inorganic ions, glucose, lysine, citric acid
on the determination of the oxidation peak current of melamine
were investigated. Experimental results showed that 500-fold
of Na+, Cl–, Ca2+, NO3

–, 300-fold of Zn2+, CH3COO–, 200-fold
of glucose, lysine, citric acid, 100-fold of Mg2+ almost have

TABLE-1 
RESULTS OF TEST FOR RECOVERY RATIO 

Added 
(× 10-5 mol/L) 

Determined 
(× 10-5 mol/L) 

Recovery 
(%) 

Average 
(%) 

4.44 4.24 95.5 
98.7 93.4 94.6 
185 186.8 101 

97.0 

 
no interference on determination of melamine. This demons-
trated that the proposed method showed a good selectivity for
detection of melamine.

Stability and reproducibility: The relative standard
deviation for eight successive determinations is 1.2 % in 1.85
× 10-3 mol/L melamine solution .This results indicate that the
modified electrode shows good reproducibility.

The modified electrode was used to determination by conti-
nuous CV for 10 cycles, the oxidation peak current remained
almost the same, which demonstrated that the modified electrode
has a good stability.

Conclusion

In this work, based on MWCNTs-AuNPs and Nafion
composite, a new electrochemical sensor for detection of
melamine was prepared. The electrochemical process of
melamine at this electrode is diffusion-controlled. The oxida-
tion peak current of melamine changed linearly with its concen-
tration in the range from 3.9 × 10-6 to 4.0 × 10-3 mol/L with a
correlation coefficient of 0.9988. This method exhibited easy
preparation, good reproducibility and stability.
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