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The development of a novel electrochemical sensor, based on modification of the carbon paste 

electrode with MgO/SWCNTs nanocomposite and 1-butyl-3-methylimidazolium hexafluoro phosphate 

(MgO/SWCNTs/BMPF6/CPE) has been reported. The electro-oxidative behavior of vanillin in food 

samples at MgO/SWCNTs/BMPF6/CPE using square wave and linear sweep voltammetry was 

investigated. The oxidation signal of vanillin at MgO/SWCNTs/BMPF6/CPE increased when 

compared with the unmodified electrode. The catalytic current showed a linear relationship with 

vanillin concentration in the range 0.02 to 800 μM with a detection limit of 8.0 nM. The 

MgO/SWCNTs/BMPF6/CPE was applied for vanillin determination in food samples. 
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1. INTRODUCTION 

Food additives are the main category in food branch investigations [1]. There are different 

types of food additives in food products such as anti-caking agents, emulsifiers, antioxidants, food 

acids and artificial sweeteners. Although the application of food additives enhances the quality and 

flavor of food products, some of them have undesirable effects on the human body; hence, their 

concentration must be strictly regulated in food products [2].  

Vanillin is a flavoring additive used in food products worldwide [3]. Vanillin is suggested for 

food and beverages as an additive, as well as in fragrances and pharmaceutical samples. As a result of 

the wide application of vanillin, it is very important to determine and regulate its presence in food and 

pharmaceutical products [4, 5]. Among the analytical methods for the analysis of vanillin, the 
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application of electrochemical methods is the best, due to its high sensitivity, low interference and fast 

response [6-16].  

  Electrochemical sensors modified with conductive materials help to improve the sensitivity of 

electro-active compounds [17-30]. In addition, many published papers have suggested the coupling of 

two or more mediators to improve the quality of the electrochemical sensor used for analysis [31-35]. 

Nanomaterials with a high surface area and good electrical conductivity are appropriate choices for the 

modification of electrodes in electrochemical systems such as voltammetric sensors or super-

capacitance [36-43]. They can reduce the charge transfer resistance of the electrode and increase the 

sensitivity of the electrode surface for electrochemical investigations [44-49]. On the other hand, ionic 

liquids are good electrical binder for modification of the electrode surface, so as to improve the 

sensitivity of electrochemical sensors [50-53]. Due to the points above, some studies have suggested 

the coupling of nanomaterials and ionic liquids for modification of the electrode surface in trace level 

analysis of electroactive compounds [54-57]. 

Therefore, in continuation of the group work for fabrication of electrochemical sensors [58-61], 

a new voltammetric sensor was fabricated based on modification of the carbon paste electrode with 

MgO/SWCNTs nanocomposite and 1-butyl-3-methylimidazolium hexafluoro phosphate for analysis of 

vanillin in food samples. 

 

2. EXPERIMENTAL 

2.1. Materials and apparatus  

Vanillin, magnesium nitrate, single wall carbon nanotubes, sodium hydroxide and phosphoric 

acid were purchased from Sigma-Aldrich. Graphite powder, 1-butyl-3-methylimidazolium hexafluoro 

phosphate and paraffin oil were purchased from Merck Company. A μ-Autolab PGSTAT 12, 

connected to an electrochemical cell with GPES software was used for electrochemical investigations. 

Morphological investigation was conducted using a KYKY-EM3200 digital scanning electron 

microscope.  

 

2.2. Synthesis of MgO/SWCNTs 

In this study, 3.0 g of SWCNTs/COOH was dispersed in 100 mL of 1.0 M sodium hydroxide 

by ultrasonication for 35 min. In continuation, 100 mL of 0.5 M magnesium nitrate was added drop 

wise to the previous solution, followed by stirring for 20 min. The precipitated composite was washed 

and dried at 100
0
C for 12 h. In the final step, the nanocomposite was calcined at 500

0
C for 2 h.  

 

2.3. Fabrication of MgO/SWCNTs/BMPF6/CPE 

MgO/SWCNTs/BMPF6/CPE was prepared by mixing 0.05 g of MgO/SWCNTs, and 0.95 g of 

graphite powder in the presence of suitable amount of binders (paraffin oil and BMPF6). The obtained 

paste was introduced into one glass tube and copper wire was used for electrical conductivity. 
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2.4. Preparation of vanillin real sample 

To study the ability of MgO/SWCNTs/BMPF6/CPE in real sample analysis, we selected 

biscuit, coffee milk and chocolate for this goal. The real samples were prepared according to the study 

of Khalilzadeh and Arab [4]. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Morphological investigation of MgO/SWCNTs 

The morphology of MgO/SWCNTs was investigated by scanning electron microscopy. Figure 

1 presents the spherical MgO nanoparticle decorated at a surface of single wall carbon nanotubes.  

 

 
 

Figure 1. SEM image of MgO/SWCNTs. 

 

3.2. Electrochemical investigation 

The electrochemical behavior of vanillin depends on pH, due to the presence of a phenolic 

group in the presence of the vanillin structure [4]. Figure 2 shows the square wave voltammograms of 

750.0 μM vanillin on MgO/SWCNTs/BMPF6/CPE for pH range (4.0 - 8.0).  

The maximum oxidation peak current has high values at pH=7.0 (Figure 2). Figure 3 shows 

that with increase in pH, the oxidation peaks potential shifts and becomes negative with equation Epa = 

-0.0507 pH + 0.9174 (r
2
 = 0.9930). This value of slope confirms one-electron and one-proton process 

for vanillin electro-oxidation (scheme 1) [5]. The electrochemical behavior of vanillin was investigated 

at the surface of different electrodes in 0.1 M PBS (pH 7.0) (Fig. 4). The electrochemical behavior of 

vanillin at the MgO/SWCNTs/BMPF6/CPE (Fig.4, curve a), BMPF6/CPE (Fig. 4, curve b), 

MgO/SWCNTs/CPE (Fig. 4, curve c) and CPE (curve d) exhibited anodic peak potential at 0.556, 

0.576, 0.606, and 0.625 V, respectively. 
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Figure 2. Current-pH curve for the electro-oxidation of vanillin. Square wave voltammograms of 750 

μM vanillin at the surface of MgO/SWCNTs/BMPF6/CPE 

 

 
Figure 3. Potential-pH curve for electro-oxidation of 750 μM vanillin at the surface of 

MgO/SWCNTs/BMPF6/CPE. 
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Scheme 1. Electro-oxidation mechanism for vanillin. 

 

It can be seen that with movement from CPE to MgO/SWCNTs/BMPF6/CPE, the over-

potential for electro-oxidation of vanillin became reduced. Additionally, the 

MgO/SWCNTs/BMPF6/CPE (Fig.5, curve a) enhanced the sensitivity for vanillin by 4.62 folds 

compared to the CPE (Fig. 4, curve d).  

 

 
 

Figure 4. Square wave voltammograms of 550.0 μM vanillin at the surface of a) 

MgO/SWCNTs/BMPF6/CPE; b) BMPF6/CPE; c) MgO/SWCNTs/CPE and d) CPE. 
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The Tafel plot and its relative linear sweep voltammogram has been presented in Fig. 5. Using 

the slope of figure 5 and Tafel equation ((1-α) nα F/2.3RT), the value of α= 0.32 was determined, 

which confirms an irreversible electro-oxidation process [5]. The effect of the concentration of vanillin 

on MgO/SWCNTs/BMPF6/CPE was investigated and is shown in Figure 6.  

 

 
 

Figure 5. Tafel plot for electro-oxidation of 500 μM vanillin at the surface of 

MgO/SWCNTs/BMPF6/CPE. 

 

 
 

Figure 6. The plots of the oxidation peak current as a function of vanillin concentration. Inset shows 

the SWVs of MgO/SWCNTs/BMPF6/CPE in 0.1 M PBS (pH 7.0) containing different 

concentrations of vanillin. From inner to outer, corresponding to 0.02, 50.0, 100.0, 200.0, 

350.0, 500.0, 600.0, 750.0 and 800.0 μM of vanillin. 
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Where, the oxidation peak current of vanillin increased with increasing concentration (0.02 – 

800 μM). Also, we detected a limit of detection (8.0 nM) for analysis of vanillin at the surface of  

MgO/SWCNTs/BMPF6/CPE. This value of the limit of detection and linear dynamic range is 

comparable with previous published papers (see Table 1).  

 

Table 1. Comparison with early electro-chemical reported methods for vanillin analysis. 

 

Electrode pH Linear dynamic range (μM) Limit of detection (μM) Ref. 

boron-doped diamond 2.5 3.3–9.8 0.16 [62] 

glassy carbon 0.1 M 

H2SO4 

0.1–40 0.02 [63] 

carbon paste 7.0 0.1–700 0.07 [4] 

carbon paste 6.0 0.03–1200 0.009 [5] 

carbon paste 7.0 0.02-800.0 0.008 This 

work 

 

 

3.3. Interference study 

The selectivity of MgO/SWCNTs/BMPF6/CPE has been investigated as one of the most 

important advantages of sensors [64-67]. To test the selectivity of MgO/SWCNTs/BMPF6/CPE upon 

the determination of 10.0 μM vanillin using square wave voltammetry, we added some interferents to 

the solution and 5% error was selected as acceptable results. The selectivity of the investigation data 

are presented in Table 2. 

 

Table 2. Interference of some foreign substances for 10.0 µM of vanillin. 

 

Interferents Folds 

Glucose, methanol, tryptophan 700 

Li
+
, K

+
, NO3

-
, Br

-
, Cl

-
 600 

Vitamin B9 300 

 

 

3.4. Stability and reproducibility  

Throughout one month, the stability of MgO/SWCNTs/BMPF6/CPE towards the electro-

oxidation of vanillin was investigated. Recorded signals showed no significant shift in potential and no 

significant change in current for the electro-oxidation of vanillin when MgO/SWCNTs/BMPF6/CPE 

was kept at room temperature. The reproducibility of  MgO/SWCNTs/BMPF6/CPE was evaluated by 

measuring nine solutions of 30.0 μM of vanillin in pH=7.0, leading to a relative standard deviation of 
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4.32%. The above results indicated that MgO/SWCNTs/BMPF6/CPE has high stability and good 

reproducibility. 

 

3.5. Analysis of vanillin in food samples 

The MgO/SWCNTs/BMPF6/CPE was applied for analysis of vanillin in food samples by the 

standard addition method. The results are shown in Table 3 and recovery data confirms the possibility 

of using MgO/SWCNTs/BMPF6/CPE for analysis of vanillin in food samples.  

 

Table 3. Determination of vanillin in real samples (n = 4). 

 

Sample Added 

(μM) 

Founded 

(μM) 

Recovery % 

Chocolate --- 1.93±0.55 --- 

 5.00 6.87±0.67 99.13 

Biscuit  --- 2.57±0.68 --- 

 10.00 12.98±0.88 103.26 

Coffee milk --- 4.13±0.65 --- 

 10.0 14.01±0.67 99.15 

 

 

 

4. CONCLUSION 

In this research, a carbon paste electrode modified with MgO/SWCNTs nanocomposite and 

BMPF6 was developed for the investigation of vanillin. The MgO/SWCNTs/BMPF6/CPE has great 

capability to determine vanillin relative to the unmodified carbon paste electrode. We detected a limit 

of detection of 8.0 nM for analysis of vanillin at a surface of MgO/SWCNTs/BMPF6/CPE. The 

MgO/SWCNTs/BMPF6/CPE was used for analysis of vanillin in food samples.  
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