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ABSTRACT 

A novel voltammetric sensor based on gold nanoparticles (GNPs) and single-walled carbon nanotubes (SWNTs) com- 
posite was developed. The nanocomposite modified electrode was characterized using atoms force microscope (AFM). 
The electrochemical behavior of meclofenoxate hydrochloride (MFX) was investigated on this sensor. The results indi- 
cated that the GNPs/SWNTs modified electrode exhibited efficient electrocatalytic oxidation for MFX with relatively 
high sensitivity, and stability. Using square wave voltammetry (SWV), the GNPs/SWNTs modified electrode exhibited 
a linear voltammetric response for MFX in the concentration range of 5.0 × 10–7 - 2.0 × 10–5 mol·L–1, with the limit of 
detection (LOD) of 1.0 × 10–7 mol·L–1. The sensor was applied to determine MFX in finished drug with a satisfactory 
result. 
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1. Introduction 

Meclofenoxate hydrochloride (MFX), 4-chlorophenoxy- 
acetic acid 2-(dimethylamino) ethyl ester hydrochloride 
(Figure 1), belongs to the group of psychostimulants- 
nootropic agents [1,2]. It has been used for the following 
off-label conditions: senile dementia, skull and brain 
trauma, urinary incontinence after stroke; encephalopa- 
thy; mental disorders (in combination with psychotropic 
agents); and tardive dyskinesia [3]. In the interest of us-
ing MFX securely, scientifically and getting better cura-
tive effect, it is important to develop a simple, rapid, and 
sensitive method for the determination of MFX. Com-
pared with other methods, such as high performance liq-
uid chromatography [4], protonmagnetic resonance spec-
troscopy [5], and flow injection [6], the electrochemical 
technique exhibits its predominance such as rapid re-
sponse, simple operation, time saving, and low-cost. To 
our knowledge, there has been no report regarding the 
voltammetric determination of MFX so far. More inade-
quate, the pharmacological action of MFX is not ob-
served using these methods. Electrochemical methods also 
help for identifying the redox of compounds and provide 
important information about pharmacological actions.  

As all we know, carbon nanotubes (CNTs) are unique 
one-dimensional materials with special electronic prop-  

erties and have been widely used in analytical chemistry. 
This tendency is well manifested by several recently 
published excellent reviews [7,8]. To optimize the use of 
CNTs in various applications, it is necessary to attach 
functional groups or other nanoparticles materials onto 
their surfaces [9]. The combination of CNTs with other 
nanomaterials is expected to be useful for catalysis, or 
making sensors. On the other hand, gold nanoparticles 
(GNPs) have advantages such as narrow size distribution, 
efficient surface modification, and desirable biocompati- 
bility. It has been widely used in analytical chemistry for 
many years [10,11]. Although the electrocatalytic activ-
ity of CNTs and GNPs films show good results individu-
ally, some of the biochemical compounds do not undergo 
electrocatalysis. To overcome this difficulty, new studies   
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Figure 1. Chemical structure of Meclofenoxate Hydrochlo-
ride (MFX). 
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have been carried out for preparing composite films that 
consisted of both CNTs and GNPs [13]. However, the 
electrocatalytic activity of this catalyst is usually cast on 
the surface of the electrode [14], which will lead to more 
or less subjective factors. In this paper, we present a con- 
venient and practical route for preparing GNPs and sin- 
gle wall carbon nanotubes (SWNTs) nanocomposite mo- 
difiled glassy carbon electrode (GNPs/SWNTs/GCE) by 
deposition techniques. The electrochemical behaviors of 
MFX were investigated on the modified electrode. The 
main objective of this study is to investigate the oxida- 
tion mechanism of MFX by cyclic voltammetry and de- 
termination of this compound in pharmaceutical dosage 
forms using square wave voltammetry technique. The 
method has been applied to determining MFX in the real 
sample. 

2. Experimental 

2.1. Materials and Reagents 

Single wall carbon nanotubes (SWNTs, purity > 95%) 
was obtained from Chengdu Institute of Organic Chem- 
istry, Chinese Academy of Sciences. Hydrogen tetra- 
chloroaurate hydrate (HAuCl4·3H2O) was purchased 
from Alfa Aesar China Co., Ltd. (Tianjin, China). Stock 
solution (1.0 × 10–3 mol·L–1) of MFX (Beijing Chemical 
Reagent, China) was prepared in normal saline, and 
stored at 4˚C. Britton-Robinson (B-R) buffer solution 
(0.1 mol·L–1, pH 4.0) was selected as supporting electro- 
lyte solution. All other reagents were of analytical grade 
and used without further purification. All solutions were 
made up with ultrapure water (18.2 MΩ, Simplicity Plus, 
Millipore Corp, US). The capsule and tablet were ob- 
tained in a local medicamentarius. For the practical ap- 
plication, five MFX capsules and tablets were weighed 
accurately and finely pulverized in an agate mortar. A 
certain amount of the powder was weighed and dissolved 
in normal saline with the help of sonication. After cen- 
trifugation and filtration, the clear filtrate was collected 
into a 100 mL volumetric flask and diluted to volume 
with normal saline. 

2.2. Instrumentations 

All the electrochemical measurements were performed 
on a CHI 660B electrochemical working station (CH 
Instrument, Shanghai, China). The three-electrode sys- 
tem consisted of a modified glassy carbon electrode or a 
bare glassy carbon electrode as a working electrode, a 
platinum electrode and a Ag/AgCl electrode were used as 
the auxiliary and reference electrodes, respectively. An 
atomic force microscope (Agilent 5500, Agilent Tech- 
nologies, US) was used to characterize the morphology 

of modifiled electrode. The high-performance liquid 
chromatography (HPLC, LC-10AT, Shimadzu, Kyoto, 
Japan) equipped with a C18 reverse phase column (5 µm, 
4.6 × 250 mm) and an injection volume of 25 μL was 
employed as a comparative technique to test the correct- 
ness of the square wave voltammetry. All experiments 
were carried out at room temperature (25˚C ± 2˚C). 

2.3. Preparation of GNPs/SWNTs/GCE 

For the preparation of a GNPs/SWNTs/GCE, SWNTs (2 
mg) was added into a 10 mL of 0.1% (wt%) SDS solu- 
tion in an ultrasonic bath to prepare an aqueous suspend- 
sion of SWNTs with of 0.2 mg·mL–1 (1%, w/v) and dis- 
persed for 30 min under ultrasound. Before modification, 
a bare glassy carbon electrode (GCE, 3.0 mm in diameter) 
was polished with 0.3 µm and 0.05 µm alumina slurry 
sequentially and then washed ultrasonically in ethanol 
and then water for 5 minutes, respectively. After rinsing, 
the electrode was electrochemically pretreated by cyclic 
potential scanning between 1.0 V in 0.02 mol·L–1 
H2SO4 until stable cyclic voltammogram curve was ob- 
tained. Afterwards, the electrode was immersed in the 
aqueous suspension and connected as the positive pole 
whereas a platinum electrode was used as the negative 
pole. A potential of 10 V was applied for 30s electropho- 
retic accumulation of SWNTs [15]. After that, it could be 
seen the GCE was covered with a blue-color thin film. 
The electrode was named as SWNTs/GCE. 

After the electrode was dried, the SWNTs/GCE was 
immersed in HAuCl4 solution (1 × 10–3 mol·L–1). A 
multi-potential steps was employed for the direct elec- 
trodeposition of metal particles. In a first series of ex- 
periments, a pulse potential profile of 200 mV (500 ms) 
~ –1200 mV (100 ms) ~200 mV (500 ms) (vs. Ag/AgCl) 
was applied and 30 pulses were used for each deposi- 
tion [15]. At the end of process, the modified electrode 
was thoroughly washed with pure water. It was observed 
that the SWNTs/GCE was covered with a dark red thin 
film. 

3. Results and Discussion 

3.1. Morphology of the Multilayer Films 

Direct morphological observation of the as-prepared 
SWNTs/GCE and GNPs/SWNTs/GCE was obtained us- 
ing an atomic force microscope (AFM). The typical con- 
tact mode AFM images for the GNPs are shown in Fig- 
ure 2. It can be seen that uniformly coated the electrode 
surface (Figure 2(a)). The homogeneity of the dispersed 
SWNTs adsorbed on the electrode surface. It may be the 
SWNTs deposited onto the electrode surface by means of 
electrophoretic accumulation [16]. Compared with the 
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AFM image of the SWNTs/GCE, the AFM picture of 
GNPs/SWNTs/GCE (Figure 2(b)) showed an obviously 
dots grow on the SWNTs. In addition, the special surface 
morphology offered the GNPs/SWNTs/GCE a much lar- 
ger real surface area than that of the apparent geometric 
area. 

3.2. Cyclic Voltammograms Behaviour of MFX 

The electrochemical behavior of MFX at the bare GCE 
and GNPs/SWNTs/GCE was investigated in 0.1 mol·L–1 
B-R (pH 4.0) using cyclic voltammetry, and the result 
was shown in Figure 3. It is clear that no redox peak was 
observed at the bare GCE (curve a). Figure 3(b) is a CV 
curve of GNPs/SWNTs/GCE in a blank solution, no 
peaks were observed in blank solution (curve b). When 
MFX was added into blank solution (curve c), a well 
defined oxidation peak was observed at the modified ele- 
ctrode with the oxidation potential at 0.952 V. No corre-
sponding reduction peak was observed at the reverse 
scan, indicating that the electrochemical oxidation of 
MFX was a totally irreversi le reaction at the GNPs/ 
SWNTs/GCE under the above experimental conditions. 
This phenomenon should be attributed to the immobi- 
lized GNPs and SWNTs, which can catalyze the oxida- 
tion of MFX. 

3.3. Oxidation Mechanism of MFX  

To infer more about the reaction process of MFX on 
GNPs/SWNTs/GCE, the effect of the scan rate (v) on the 
peak currents was studied. Figure 4 shows CV curves 
with scan rates of 50, 100, 200, 300, 400, and 500 mV·s–1, 
respectively. The oxidation peak current increased gra- 

dually with the increase of scan rate. As shown in Figure 
4 insert, the oxidation peak current increased linearly 
with the square root of scan rate in the range of 50 - 500 
mV·s–1 and can be expressed as: Ipa (µA) = –7.155 v1/2 
(mV·s–1) – 0.753 (R = 0.998), which indicated that the 
oxidation of MFX on GNPs/SWNTs/GCE was a typical 
diffusion-controlled process [17]. Based on the equation: 
Ip = nFQv/4RT, where n is the number of electrons trans- 
ferred, F (C·mol–1) is the Faraday’s constant, Q (C) is the 
quantity of charge and v (V·s–1) is the scan rate. The 
value of n was estimated to be 2.06, which suggested that 
a total of two electrons were involved in the oxidation 
reaction. 

The effect of pH on the current response of MFX on 
the GNPs/SWNTs/GCE was studied in the pH range 
from 3.0 to 6.0. As shown in Figure 5(a), the oxidation 
peak current gradually increased with the increase of pH 
value from 3.0 to 4.0. However, when the pH was further 
increased to 4.0, the oxidation peak current conversely 
decreased. Therefore, considering the sensitivity of MFX 
determination, a pH value of 4.0 was chosen for the sub- 
sequent analytical experiments. 

The relationship between the oxidation peak potential 
(Epa) and pH was shown in Figure 5(b). A linear shift of 
Epa towards negative potential with an increasing pH 
indicated that protons were directly involved in the oxi- 
dation of MFX. It obeyed the following equation: Epa(V) 
= –0.059 pH + 1.18 (R = 0.996). The slope is approxi- 
mately close to the theoretical value of 57.6 mV·pH–1, 
indicating that the electron transfer was accompanied by 
an equal number of protons in electrode reaction [18]. 
Thus, it may conclude that the electrode reaction of MFX 
was accompanied by two proton and two electrons. 

 

    

Figure 2. AFM 2D topography images. (a) SWNTs/GCE; (b) GNPs/SWNTs/GCE. 
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Figure 3. Cyclic voltammograms of 1.0 × 10–5 mol·L–1 MFX 
at GCE (a), GNPs/SWNTs/GCE (c), GNPs/SWNTs/GCE (b) 
in 0.1 M B-R (pH 4.0). Scan rate: 50 mV·s–1. 
 

 
Figure 4. Cyclic voltammograms of MFX (1.0 × 10–5 mol·L–1) 
at different scan rates. Scan rates (curve 1 - 6): 50, 100, 200, 
300, 400, 500 mV·s–1. Other conditions same as in Figure 3. 
The insert is the Ip-v1/2 relation. 

 

 
Figure 5. Effect of pH on the oxidation current (A) and 
oxidation potential (B). Other conditions same as in Figure 
3. 

3.4. Influence of Accumulation Time and 
Potential 

In consideration of the detection sensitivity and adsorp- 
tion of MFX on the GNPs/SWNTs/GCE surface, square 
wave voltammetry technique, coupled with accumulation 
procedure, was adopted for researching the analytical 

method. For a MFX solution (1.0 × 10–5 mol·L–1), the 
peak currents increased with increasing accumulation 
time, and it reached a maximum value when accumula- 
tion time was 200 s. After investigation, accumulation 
potential had little effect on peak currents, so accumula- 
tion of MFX was carried out under open circuit for fur- 
ther studies. 

3.5. Calibration Curve 

Square wave voltammetry was used to investigate the 
relationship between peak currents and MFX concentra- 
tions under the optimized conditions. The results (Figure 
6) exhibited a linear relationship between peak currents 
(Ipa) and MFX concentrations within the range from 5.0 × 
10–7 to 2.0 × 10–5 mol·L–1, which can be described by the 
following linear regression equation: Ip(µA) = 0.846 c 
(10–6 mol·L–1) + 0.582, with a correlation coefficient of 
0.996. Based on the signal-to-noise ratio of 3, the detec- 
tion limit was obtained as 1.0 × 10–7 mol·L–1. 

3.6. Stability and Reproducibility and Selectivity 

The successive stability of the proposed sensor was 
evaluated. Ten successive scans in the solution contain- 
ing 1.0 × 10–5 mol·L–1 MFX were performed. The rela- 
tive standard deviation values was found to be 2.52%, 
indicating excellent stability of the modified electrode. 
Moreover, after the modified electrode was stored for 
one week, only a small decrease of the oxidation peak 
current was observed, demonstrating that the electrode 
had good stability. Under the optimized experimental 
conditions described above, the effects of some foreign 
species on the determination of MFX at the 1.0 × 10–5 
mol·L–1 level were evaluated thoroughly; 200-fold con- 
centration of Al3+, Fe3+, Fe2+, Mg2+, Zn2+, Pb2+, Ca2+, 
100-fold of ascorbic acid, dextrin, glucose and sucrose 
 

 
Figure 6. SWV of different MFX concentrations. MFX con-
centrations (from 1 to 10): 5.0 × 10–7, 1.0 × 10–6, 2.0 × 10–6, 
3.0 × 10–6, 5.0 × 10–6, 7.0 × 10–6, 1.0 × 10–5, 1.3 × 10–5, 1.6 × 
10–5, 2.0 × 10–5 mol·L–1. The insert is Linear dependence of 
the peak current on MFX concentration. 
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Table 1. Determination results of MFX in capsule and tablet. 

SWV (n = 5)     HPLC (n = 3) 

Sample 
Amount found 

(mg·g–1) 
RSD (%) 

Standard added 
(10–6 mol·L–1 ) 

Total found  
(10–6 mol·L–1 ) 

Recovery (%) 
Amount found  

(mg·g–1) 
RSD (%) 

capsule 19.05 1.9 5.00 4.86 97.2 20.01 1.3 

tablet 49.56 1.5 5.00 4.98 99.6 49.95 1.1 

 
had almost no influence on the current response of MFX 
(signal change below 5%). All of these results indicated 
that the present method had good selectivity for the de- 
termination of MFX. 

3.7. Analysis of MFX in the Capsule and Tablet  

The GNPs/SWNTs/GCE was used to determine the MFX 
concentrations in capsule and tablet. The results were 
shown in Table 1. Meanwhile, HPLC was also used to 
detect MFX to testify the accuracy of the proposed 
method. The results obtained by the GNPs/SWNTs/GCE 
were in good agreement with the HPLC method (Table 
1). The detected results obtained from the two methods 
were compared using t test under 95% confidence levels. 
Furthermore, in order to establish the applicability of the 
proposed method, known amounts of the standard MFX 
were added into the analytical solution, and the same 
analysis procedure was carried out. The recoveries indi-
cated that the accuracy of the proposed method was ac-
ceptable. From the experimental results, it was obvious 
that this novel GNPs/SWNTs/GCE had great potential 
for practical sample analysis. 

4. Conclusion 

In summary, an electrochemical sensor based on GNPs/ 
SWNTs modifiled electrode was prepared for the detec- 
tion of trace amounts of MFX. The sensor exhibited good 
sensitivity of MFX with the detection limit of 1.0 × 10–7 
mol·L–1 by square wave voltammetry under accumula-
tion time of 200 s. The proposed method was further ap-
plied for the detection of MFX in real sample with satis-
factory results. More importantly, the oxidation reaction 
of MFX was accompanied by two proton and two elec-
trons, which could provide a valuable reference for the 
phar- macological action of MFX in clinical study.  
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