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In the current work, an MCM41, Nafion and stibonium (Sb) composite-modified electrode was 

prepared to analyze trace cadmium (Cd) and lead (Pb) concentrations via square wave anodic stripping 

voltammetry (SWASV). The morphology and electrochemical properties of the modified electrode 

were characterized through cyclic voltammetry (CV) and electrochemical impedance spectroscopy 

(EIS). The results suggested that the MCM41 layer that formed on the glassy carbon electrode (GCE) 

enhanced the adsorption capacity for Cd(II) and Pb(II) and increased the specific surface area of the 

electrode. In addition, the Nafion film effectively improved the adhesion and stability of the MCM41 

layer. The synergistic effect in the Sb film for Cd(II) and Pb(II) increased the stripping current. The 

obtained electrode exhibited an effective stripping property for analyzing Cd(II) and Pb(II). 

Importantly, a linear response was obtained within the range 5-30 μg·L
-1

 under optimal conditions, and 

the limits of detection (LOD) for Cd(II) and PB(II) were 0.29 μg·L
-1

 and 0.08 μg·L
-1

, respectively. 
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1. INTRODUCTION 

Heavy metals are a major source of environmental pollution, and they exert marked negative 

effects on ecological quality. Cadmium (Cd) and lead (Pb) are toxic heavy metals that can significantly 

affect human health. Heavy metals frequently accumulate in the environment due to their long-term 

chemical stability and non-degradability [1-3]. Heavy metals in soil can be absorbed by plants and 

decrease plant growth. These soil pollutants can enter the bodies of domestic animals or humans via 

the food chain, leading to immediate or long-term health risks. The demand for heavy metal detection 
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has increased over the past few years, and a rapid analytical method to detect heavy metals is required 

[4-6].  

An electrochemical stripping analysis (ESA) has advantages such as a remarkable sensitivity, 

rapid analysis, good selectivity and low cost, and ESA is an effective method to measure trace heavy 

metal concentrations. Traditionally, a mercury (Hg) electrode has been used in ESA measurements. 

However, the high toxicity of Hg and the risks involved in its management are unfavorable. Similar to 

the bismuth (Bi) film-modified electrode, the stibonium (Sb) film-modified electrode has been 

introduced as a substitute for the Hg electrode due to its advantages, such as a low toxicity, high 

sensitivity and large cathode potential range [7-8]. Additionally, glassy carbon electrodes (GCEs) have 

become the most commonly used electrodes in electrochemical analyses due to their non-toxicity, 

strong electrical conductivity, high cathode potential range and reusability [9].  

Sample analyses have indicated that surface-active materials can adsorb onto electrode surfaces 

and inactivate the electrode. An effective method to reduce the adsorption layer is coating the electrode 

with a dialysis film such as Nafion [10]. However, a solvent evaporation process is involved in the 

modification process, resulting in poor homogeneity and reproducibility of the films. Composite 

modification is an effective method that possesses advantages such as a high stability, strong adhesive 

force, and controllable structure and film thickness [11-12]. MCM41 is a highly ordered, arranged, 

silicon-based, mesoporous material with a high porosity, favorable electrical properties, good chemical 

stability and a large specific surface area [13-15]. These properties have resulted in broad application 

prospects for MCM41 in electrochemical sensor research [16]. 

In the current study, a composite-modified electrode was prepared using an MCM41 dispersion 

and a Nafion solution and was followed by drying under light. At the beginning of the experiment, an 

Sb standard solution was slowly added into the buffer solution. Trace Cd and Pb ion concentrations 

were detected on the prepared electrodes using square wave anodic stripping voltammetry (SWASV). 

The results suggested that the MCM41/Nafion/Sb film composite-modified electrode had a higher 

sensitivity than the Nafion-modified bare GCEs. This was because the Nafion-modified MCM41 

electrode had a favorable mechanical stability, large active surface area, superb conductivity, effective 

ion exchange, strong capacity to resist disturbances, low Sb film toxicity, high sensitivity and large 

cathode potential range.  

 

2. EXPERIMENTAL 

2.1 Instruments and Reagents 

The electrochemical measurements were conducted using the CHI660D electrochemical 

workstation (Shanghai CH Instruments, China). A three-electrode system was adopted with a modified 

GCE working electrode (Φ = 3 mm), Ag/AgCl reference electrode and platinum electrode. All 

electrochemical measurements were carried out in a 25 mL cell.  

MCM41 was purchased from XFNANO Materials Tech Co., Ltd. (Nanjing, China). The Nafion 

solution was obtained from DuPont Co., Ltd. and diluted to a concentration of 0.5%. Ethyl alcohol, 

aluminum oxide powder and nitrate of potash were obtained from Macklin Biochemical Co., Ltd. 

(Shanghai, China). Potassium ferricyanide and potassium ferrocyanide were purchased from Jinke 
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Institute of Fine Chemical Engineering (Tianjin). The Cd(II), Pb(II), Bi(III) (1000 mg·L
-1

) and Sb(III) 

(1000 mg·L
-1

) stock solutions were obtained from the China State Center for Standard Matter and 

diluted as required. The acetate buffer was purchased from Obiolab Co., Ltd. (Beijing, China) and used 

as the supporting electrolyte to detect Cd(II) and Pb(II). Ultrapure water (18.2 MΩ·cm
-1

) was used for 

all experiments.  

 

2.2 Preparation of MCM41, Nafion and GCE 

Prior to modification, the GCE was polished using 5 μm aluminum oxide powder, rinsed with 

ultrapure water, and ultrasonically cleaned for 5 min in ultrapure water and straight alcohol. The 

MCM41 was weighed (4 mg) and added to 1 mL of ultrapure water. Then, MCM41 was ultrasonically 

dispersed in ultrapure water for 30 min to form a 4 mg·mL
-1

 MCM41 suspension. Subsequently, 5 μL 

of the suspension was dropped onto the GCE surface after 10 min of stirring, and the modified GCE 

was dried using a drying light for 2 min and air drying. Afterwards, 2 μL of a 1% Nafion solution was 

dropped onto the GCE surface, and the modified electrode was dried in the air to obtain the 

MCM41/Nafion-modified electrode. The other electrodes were also prepared as a comparison using 

the same method.  

 

2.3 Electrochemical Measurements  

The initial exploration of Cd(II) and Pb(II) by SWASV was conducted in a 0.1 M acetate buffer 

solution (pH 4.5) in the presence of 500 μg·L
-1

 Bi(III) and 500 μg·L
-1

 Sb(III). Under stirring, a 

deposition potential of -1.4 V was applied to the working electrode for 120 s. After a standing time of 

10 s, a SWASV potential scan was conducted from -1.4 to 0.2 V (square wave amplitude, 25 mV; 

potential step, 5 mV; frequency, 25 Hz). Before the next cycle, a 120 s cleaning step at 0.3 V with 

stirring was performed to remove residual cadmium and lead ions. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Basic Characteristics of the Modified Electrodes 

Fig. 1 compares the cyclic voltammetry (CV) responses of the GCE, Nafion/GCE and 

MCM41/Nafion/GCE in 5 mM [Fe(CN)6]
3-/4-

 solutions. A pair of definite redox peaks were observed 

on the bare GCE, and they were ascribed to the reversible single electron redox behavior of 

ferricyanide. After the GCE modification, a pair of markedly reduced redox peaks was observed in the 

CV curves of Nafion/GCE and MCM41/Nafion/GCE. This indicated that Nafion acted as a cation 

exchange film to block electron exchange and a barrier layer to decrease interface charge transfer [17-

18]. According to Fig. 2, the redox peak current remarkably increased on MCM41/Nafion/GCE 

compared with that on Nafion/GCE, and this increase could be due to the presence of MCM41, which 

has a high porosity and large specific surface area and can provide sites to accelerate charge transfer.  
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Figure 1. CV curves of 5 mM [Fe(CN)6]
3-/4-

 in 0.1 M KCl on (a) GCE, (b) Nafion/GCE and (c) 

MCM41/Nafion/GCE. Scan rate: 50 mV∙s
-1

. Initial potential: -0.2 V. Low potential: -0.2 V. 

High potential: 0.6 V. 

 

 
 

Figure 2. CV curves of 5 mM [Fe(CN)6]
3-/4-

 in 0.1 M KCl on (a) Nafion/GCE and (b) 

MCM41/Nafion/GCE. Scan rate: 50 mV∙s
-1

. Initial potential: -0.2 V. Low potential: -0.2 V. 

High potential: 0.6 V. 

 

The electron transfer dynamics of the prepared electrodes were further measured using 

electrochemical impedance spectroscopy (EIS). Based on Fig. 3, the bare GCE exhibited an extremely 
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low impedance, while Nafion/GCE had a higher impedance, which suggested that the Nafion blocked 

the interface electron transfer [19-20]. In addition, a decreased impedance was observed on the 

MCM41/Nafion/GCE. Enhanced electron transfer dynamics have also been observed for other 

MCM41-modified electrodes, indicating that MCM41 can enhance the electron transfer rate of an 

electrode by acting as an electron transfer channel [21]. 

 

 
 

Figure 3. Nyquist plots of 5 mM [Fe(CN)6]
3-/4-

 on (a) GCE, (b) Nafion/GCE and (c) 

MCM41/Nafion/GCE in 0.1 M KCl. Initial potential: 0.358 V. High frequency: 1.6×10
6
 Hz. 

Low frequency: 1 Hz. Amplitude: 0.005 V. 

 

3.2 Stripping Response of the Prepared Electrodes 

 

 

Figure 4. SWASV responses of 20 μg∙L
-1

 Cd(II) and Pb(II) in a 0.1 M acetate buffer solution (pH 3.5): 

(a) Sb/GCE, (b) Nafion/Sb/GCE, and (c) MCM41/Nafion/Sb/GCE. Deposition time: 400 s. 

Deposition potential: -1.0 V. Sb(III) concentration: 2000 μg∙L
-1

. 
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Fig. 4 shows the SWASV responses of 20 μg·L
-1

 Cd(II) and Pb(II) on different working 

electrodes. Obviously, Cd(II) and Pb(II) had poor responses on Sb/GCE (20 μL of a Sb standard 

solution, 1000 μg/ mL) in the buffer and only displayed two weak peaks. This could be because the 

added Sb formed an alloy with Cd and Pb on the electrode surface, which accelerated the deposition 

and dissolution of Cd(II) and Pb(II) on the electrode surface [22]. In addition, the Nafion/Sb/GCE peak 

current was enhanced by adding 2 μL of a Nafion solution (1%) onto the GCE, and this can be 

attributed to the hydrophilic sulfonic acid groups on the Nafion film, which contribute to the 

adsorption of cations (such as Cd, Pb and zinc (Zn)) by other inorganic substances. Therefore, Nafion 

possesses a positive cation exchange effect [23]. A higher stripping current was observed on 

MCM41/Nafion/Sb/GCE than on Nafion/Sb/GCE, which can be ascribed to the large specific surface 

area and special 1-dimensional mesoporous structure of MCM41 providing a large number of 

adsorption sites for Cd(II) and Pb(II).  
 

 

3.3. Optimization of the Experimental Conditions 

To optimize the performance of the prepared electrodes, the 20 μg·L
-1

 Cd(II) and Pb(II) 

SWASV responses were employed to study the different experimental parameters in a 0.1 mM acetate 

buffer.  

 

 
 

Figure 5. Relationship between the pH of the acetate buffer solution and the stripping currents of (a) 

Cd(II) and (b) Pb(II). Cd(II) and Pb(II) concentrations: 20 μg∙L
-1

. Deposition time: 120 s. 

Deposition potential: -1.4 V. Bi(III) concentration: 500 μg∙L
-1

. Sb(III) concentration: 500 μg∙L
-

1
. 

 

The dissolution reactions of Cd(II) and Pb(II) were closely related to the pH value of the 
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acetate buffer solution. Fig. 5 shows the relationship between the pH value of the acetate buffer 

solution and the stripping currents of Cd(II) and Pb(II). The largest Cd(II) and Pb(II) stripping currents 

were observed at a pH of 3.5. Meanwhile, the smallest Cd(II) stripping current was observed at a pH of 

4.5, and the Cd(II) stripping current increased as the pH increased. In contrast, the Pb(II) stripping 

current decreased as the pH increased, and the current only slightly increased at a pH of 6.0. These 

observations can be attributed to two factors. First, the resultant Sb film can improve the electron 

transfer rate of the electrode at low pH values. The film could be easily hydrolyzed as the pH 

increases, which could reduce the alloy deposition on the electrode surface and the dissolution current 

[24]. Second, as the pH increases, Sb and bismuth (Bi) form an alloy with a complicated structure, 

which could increase the stripping current [25]. Therefore, an acetate buffer solution with a pH of 3.5 

was selected as the optimum medium for further experiments. Fig. 6 shows the effect of the deposition 

potential on the Cd(II) and Pb(II) stripping responses. The largest Cd(II) and Pb(II) peak currents 

occurred at approximately -0.9 V, and this might be because the excessively low deposition potential 

promoted the hydrogen evolution reaction and reduced the stripping peak current. Meanwhile, the 

Cd(II) and Pb(II) stripping currents increased within the deposition potential range of -1.7 V to -0.9 V. 

The largest stripping currents occurred at approximately -0.9 V, but the Cd(II) stripping current was not 

completely displayed, as shown in Fig. 7. Therefore, the optimal deposition potential was -1.0 V. 

 

 
 

Figure 6. Relationship between the deposition potential and the Cd(II) and Pb(II) stripping peak 

currents. Cd(II) and Pb(II) concentrations: 20 μg∙L
-1

. Deposition time: 120 s. pH: 3.5. Bi(III) 

concentration: 500 μg∙L
-1

. Sb(III) concentration: 500 μg∙L
-1

. 
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Figure 7. Incomplete stripping current waveform of Cd(II). Cd(II) and Pb(II) concentrations: 20 μg∙L
-

1
. Deposition time: 120 s. pH: 3.5. Deposition potential: -0.9 V. Bi(III) concentration: 500 μg∙L

-

1
. Sb(III) concentration: 500 μg∙L

-1
. 

 

Fig. 8 shows the effect of the deposition time (within 60-600 s) on the Cd(II) and Pb(II) 

stripping responses. The largest Cd(II) and Pb(II) current peaks occurred at a deposition time of 600 s, 

which might be due to metal-ion enrichment on the prepared electrode surface as the deposition time 

increased. However, the metal-ion enrichment on the electrode surface reached a saturation point after 

a long deposition time. Therefore, the stripping peak current did not significantly change. According to 

Fig. 8, the increase in the stripping peak current decreased after 400 s of deposition. Consequently, the 

optimal deposition time was 400 s.  

 

 
 

Figure 8. Relationship between the deposition time and the Cd(II) and Pb(II) stripping currents. Cd(II) 

and Pb(II) concentrations: 20 μg∙L
-1

. pH: 3.5. Deposition potential: -1.0 V. Bi(III) 

concentration: 500 μg∙L
-1

. Sb(III) concentration: 500 μg∙L
-1

. 



Int. J. Electrochem. Sci., Vol. 13, 2018 

  

10267 

 

Fig. 9 shows the effect of the Bi(III) concentration (0-1000 μg·L
-1

) on the Cd(II) and Pb(II) 

stripping reactions. The largest peak current occurred at a Bi(III) concentration of 1000 μg L
-1

, and this 

can be ascribed to the formation of the Sb, Cd and Pb alloy in solution, which accelerates the cation 

exchange process [26]. However, with a further increase in the Bi(III) concentration, the saturation 

amount formed by the alloy gradually decreased, and the amplitude of the stripping current also 

gradually decreased. Therefore, the optimal Bi(III) concentration was 700 μg L
-1

.  

 

 
 

Figure 9. Relationship between the Bi(III) concentration and the Cd(II) and Pb(II) stripping currents. 

Cd(II) and Pb(II) concentrations: 20 μg∙L
-1

. Deposition time: 400 s. pH: 3.5. Deposition 

potential: -1.0 V. Sb(III) concentration: 0.  

 

 
 

Figure 10. Relationship between the Sb(III) concentration and the Cd(II) and Pb(II) stripping currents. 

Cd(II) and Pb(II) concentrations: 20 μg∙L
-1

. Deposition time: 400 s. pH: 3.5. Deposition 

potential: -1.0 V. Bi(III) concentration: 0. 
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Fig. 10 shows the effect of the Sb(III) concentration (0-2000 μg·L
-1

) on the Cd(II) and Pb(II) 

stripping reactions. The largest peak current occurred at an Sb(III) concentration of 2000 μg·L
-1

, and 

this can be attributed to the formation of the Sb, Cd and Pb alloy in solution, which accelerates the 

cation exchange process [27]. Meanwhile, as the Sb(III) concentration increased, the alloy amount that 

formed gradually increased. Therefore, the optimal Sb(III) concentration was 2000 μg·L
-1

.  

Fig. 11 shows the effect of the Bi(III) concentration ratio (10%-90%) in the coating buffer 

solution, which contains Bi(III) and Sb(III), on the Cd(II) and Pb(II) stripping reactions. The total 

concentration of Bi(III) and Sb(III) was 2700 μg·L
-1

, and the largest peak current appeared at a Bi(III) 

concentration ratio of 60%. This result can also be ascribed to the fact that Sb and Bi are in the same 

group and can form alloys with Cd and Pb in the buffer solution to accelerate the cation exchange 

process. However, the amount of alloy formed decreased in the presence of a Bi(III) concentration that 

was too low or too high. Consequently, the optimal Bi(III) concentration ratio was 60%. 

 

 
 

Figure 11. Relationship between the Bi(III) concentration ratio in the coating buffer solution 

containing Bi(III) and Sb(III) and the Cd(II) and Pb(II) stripping currents. Cd(II) and Pb(II) 

concentrations: 20 μg∙L
-1

. Deposition time: 400 s. pH: 3.5. Deposition potential: -1.0 V. Total 

Bi(III) and Sb(III) concentration: 2700 μg·L
-1

. 

 

The Cd(II) and Pb(II) stripping currents in the coating buffer solution containing Bi(III) and 

Sb(III) were larger than those in the coating buffer solution containing the same concentration of only 

Bi(III). The largest Cd(II) and Pb(II) reverse extraction currents were observed in the coating buffer 

solution containing only Sb(III) at a concentration of 2000 μg·L
-1

. Based on these observations, 2000 

μg·L
-1

 Sb(III) was added into the buffer solution to modify the electrode using MCM41 and Nafion 

according to the coating method.  
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3.4. Analytical Performance of MCM41/Nafion/Sb/GCE 

 
Figure 12. Corresponding calibration plots of MCM41/Nafion/Sb/GCE for different Cd(II) 

concentrations in a 0.1 M acetate buffer solution. pH: 3.5. Cd(II) concentration range: 5.0-30.0 

μg·L
-1

. Deposition time: 400 s. Deposition potential: -1.0 V. Sb(III) concentration: 2000 μg∙L
-1

. 

 

 
 

Figure 13. Corresponding calibration plots of MCM41/Nafion/Sb/GCE for different Pb(II) 

concentrations in a 0.1 M acetate buffer solution. pH: 3.5. Pb(II) concentration range: 5.0-30.0 

μg·L
-1

. Deposition time: 400 s. Deposition potential: -1.0 V. Sb(III) concentration: 2000 μg∙L
-1

. 

 

The electrode prepared under the optimal conditions was used to determine the Cd(II) and 

Pb(II) stripping peak currents. The stripping responses at different Cd(II) and Pb(II) concentrations are 
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shown in Fig. 12 and Fig. 13, respectively. The peak current showed a positive linear correlation with 

the Cd(II) and Pb(II) concentrations (5.0-30.0 μg·L
-1

). As shown in Fig. 12, the equation y = 1.83112x-

1.41666 (y: μA, x: μg·L
-1

) with a correlation coefficient of 0.9892 (S/N = 3) was obtained based on the 

Cd(II) calibration curve. The limit of detection (LOD) was 0.29 μg·L
-1

, and the accumulation time was 

400 s. Based on Fig. 13, the equation y = 1.74897 x + 3.9513 (y: μA, x: μg·L
-1

) with a correlation 

coefficient of 0.98207 (S/N = 3) was obtained based on the Pb(II) calibration curve. The LOD was 

0.08 μg·L
-1

, and the accumulation time was 400 s. 
 

 

Table 1. Comparison of different electrodes for Cd(II) and Pb(II) determination. 

 

Electrode Technique 
Linear range (μg∙L

-1
) LOD (μg∙L

-1
) 

Reference 
Cd(II) Pb(II) Cd(II) Pb(II) 

CB-15-crown-

5/GCE 
DPASV 15.7-191.1 10.9-186.5 4.7 3.3 [28] 

BioCl/MWCNT/G

CE 
SWASV 5-50 5-50 1.2 0.57 [29] 

L-cys/GR-

CS/GCE 
DPASV 0.56-67.2 1.04-62.1 0.45 0.12 [5] 

Bi/CNT/SPE SWASV 2-100 2-100 0.8 0.2 [30] 

Bi/C/CPE SWASV 1-100 1-100 0.81 0.65 [31] 

DMSO/GCE ASV 50-250 5-200 3.2 1.9 [32] 

MCM41/Nafion/S

b/GCE 
SWASV 5-30 5-30 0.29 0.08 This work 

 

The relative standard deviation (RSD) of 5 measurements with the same electrode was 1.73%, 

and the RSD for 5 electrodes prepared using the same procedure was 3.64%. The SWASV responses of 

the electrode to 20 μg·L
-1

 Cd(II) and Pb(II) were detected intermittently to determine the long-term 

stability of the electrode. Approximately 5.13% of the original response was lost after 1 week of 

storage under environmental conditions. The acceptable stability of the sensor can be attributed to the 

durability of the MCM41/Nafion composite material. Table 1 summarizes the performances of 

MCM41/Nafion/Sb/GCE and other reported sensors and shows the low LOD and high sensitivity of 

the prepared electrode.  

 

3.5. Interference Study 

Various interfering ions were added into a standard solution containing Cd(II), Pb(II) and 2000 

μg·L
-1

 Sb(II) (The largest mass ratio was 100 fold.) to examine interferences. The tolerance ratio of 

±5% for the Cd(II) and Pb(II) signals was satisfied in the presence of NO3
-
, SO4

2-
, Cl

-
, K

+
, Na

+
, Ca

2+
, 

Ag
+
, Mg

2+
, Mn

2+
, Zn

2+
 and Al

3+
 as well as over 30-fold excess Fe

3+
. However, once a 2-fold excess of 

cupric ions was added, the Cd(II) and Pb(II) stripping reactions decreased. This inhibitory effect might 

be related to the formation of intermetallic compounds (IMCs) and the competition between electrode 

surface active sites. Nevertheless, the addition of ferrocyanide ions into a test solution to form stable 
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and insoluble ferricyanide copper complexes could conveniently and effectively eliminate these 

interferences.  

 

3.6. Soil Sample Analysis 

Table 2. Cd(II) and Pb(II) recoveries in extracted soil samples. 

 

Ion Added (μg∙L
-1

) 
Found (μg∙L

-

1
)

[a]
 

RSD (%) Recovery (%) 

Cd(II) 

－ 7.23 3.0 － 

5.0 12.12 3.6 99.1 

10.0 17.13 3.8 99.4 

20.0 26.66 4.1 97.9 

Pb(II) 

－ 14.35 2.6 － 

5.0 18.92 3.1 97.8 

10.0 24.21 3.7 99.5 

20.0 33.52 4.2 97.6 
[a]

Mean of five repeat measurements 

 

The feasibility of detecting Cd and Pb in practical samples by MCM41/Nafion/Sb/GCE was 

verified by analyzing extracted soil samples. The initial Cd(II) and Pb(II) concentrations were 

7.23±0.04 μg·L
-1

 and 14.35±0.07 μg·L
-1

 (n = 5), respectively. The preliminary results were 

independently analyzed and confirmed through atomic absorption spectrometry (AAS), among which, 

the Cd(II) and Pb(II) concentrations were 7.45±0.03 μg·L
-1

 and 13.98±0.06 μg·L
-1

 (n = 5), 

respectively. The differences in the Cd(II) and Pb(II) concentrations obtained from 

MCM41/Nafion/Sb/GCE and AAS were lower than 5%. In addition, a recovery test was also 

conducted to further confirm the feasibility of using MCM41/Nafion/Sb/GCE. Table 2 shows that the 

average recovery rates for Cd(II) Pb(II) using the MCM41/Nafion/Sb/GCE method were 98.8% and 

98.3%, respectively. These results indicate that the prepared electrode can be applied for detecting 

Cd(II) and Pb(II) in extracted soil samples.  

 

 

 

4. CONCLUSION 

In the present study, a novel MCM41/Nafion/Sb composite-modified GCE is introduced, and 

the electrode can be used to simultaneously detect Cd(II) and Pb(II). The MCM41/Nafion/Sb/GCE was 

studied using CV, EIS and SWASV. The large specific surface area of MCM41 resulted in superb 

electrochemical activity and accelerated the charge transfer dynamics of the electrode. At the same 

time, Nafion enhanced the stability and durability of the modified electrode. Sb formed an alloy with 

Cd and Pb in solution, which accelerated the cation exchange. MCM41, Nafion and Sb allow the 

modified electrode to be an effective, high sensitivity and low LODs sensor for detecting Cd(II) and 

Pb(II). The analysis of extracted soil samples further verified the feasibility of utilizing the electrode, 
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and satisfactory results were obtained. In addition, a green, stable, and highly sensitive electrochemical 

sensor was created through a composite modification of MCM41, Nafion and Sb. This sensor shows 

application potential for food safety and environmental monitoring.  
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