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The current study has been focused on the preparation of an electrochemical sensor based on molecularly 

imprinted polymer and graphene oxide nanocomposite modified glassy carbon electrode 

(MIP@GO/GCE) for monitoring glyphosate (GPh) content in corn. The MIP-based nanocomposite was 

prepared through the polymerization of pyrrole on GO nanosheets. The structural studies of synthesized 

MIP-based nanocomposite by SEM and XRD analyses indicated effective polymerization PPy on the 

surface of GO. Electrochemical analyses demonstrated that MIP@GO/GCE showed the sensitive and 

selective electrocatalytic response to GPh in electrochemical cells, and indicated a sensitivity of 0.1271 

µA/μM and a stable linear range from 0 to 1800 μM. The sensor for GPh reached a low detection limit 

of 11 µM. The results revealed that MIP@GO/GCE possessed the broad linear range and relatively low 

detection limit value between the recent GPh sensors. The applicability and validity of the 

MIP@GO/GCE as GPh sensor in food samples was examined and results exhibited that the obtained 

recovery (97.00% to 98.25%) and RSD (3.58% to 4.25%) values were acceptable. It reflected the 

appropriate accuracy and validity of results of MIP@GO/GCE for the determination of GPh level in 

food samples. 
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1. INTRODUCTION 

 

Glyphosate (GPh; 2-(phosphonomethylamino)acetic acid) commonly known as Roundup is a 

broad-spectrum systemic and non-selective herbicide, meaning it will kill most plants such as weeds, 

especially annual broadleaf weeds and grasses that compete with crops. It prevents the plants from 

making specific proteins are needed for plant growth. GPh is an organophosphorus compound that acts 

by inhibiting the plant enzyme 5-enolpyruvylshikimate-3-phosphate synthase [1, 2]. GPh can cause 
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imbalances in gut bacteria and some reports have indicated that GPh appears to accumulate in human 

cells and is suspected of causing genetic damage [3, 4]. At low concentrations, it damages the liver, 

kidney and skin cells and long-term effects include cancer, infertility, pregnancy problems, birth defects 

and respiratory diseases [5-7]. GPh is acutely toxic to fish and birds and can kill beneficial insects such 

as bees and soil organisms that maintain ecological balance [8-10]. Laboratory studies have identified 

adverse effects of GPh-containing products in all standard categories of toxicological testing [11]. 

Biologists have sounded the alarm over the serious decline in insect populations that affect species 

diversity [8, 12, 13]. 

As a result, the determination of GPh level in food and water specimens is a very important issue. 

Ion chromatography [14], enzyme-linked immunosorbent assay [15], mass spectrometry [16], 

fluorescent probes [17], high-performance liquid chromatography [18], capillary gas chromatography 

[19], spectrophotometry [20] and electrochemical sensors [21-25] are the traditional techniques for 

determination GPh concentration. However, most of these methods are is economical challenging and 

time-consuming [26-28]. Among these techniques, electrochemical techniques proved to be more 

economic and sensitive, and provided appropriate precision and selectivity for GPh determination in 

food and water samples. However, further researches require to advance the sensing performance of GPh 

electrochemical sensors. Thus, the current study has been focused on preparation electrochemical sensor 

based on molecularly imprinted polymer and graphene oxide nanocomposite for monitoring GPh content 

in corn. 

 

2. EXPERIMENT 

 

2.1.   Preparation of molecularly imprinted polymeric electrode  

 

For preparation of the MIP@GO/GCE [29], 1.5 mM pyrrole (98%, Sigma-Aldrich) and 5 mL 

isopropanol (≥ 99.8 %, Merck, Germany) solution containing 0.5 mM GPh (Sigma-Aldrich) were 

ultrasonically mixed for 60 minutes at 25°C. After pre-assembly of template molecules and monomers, 

0.20 GO were ultrasonically dispersed in a mixture of 30 mL 2.5 M hydrochloride acid (37%, Sigma-

Aldrich) and 10 mL of isopropanol. After 25 minutes sonication, 0.7 mM FeCl3.6H2O (99%, Merck, 

Germany) was added to the mixture into the GO dispersion for polymerization the pyrrole under 

magnetic stirring for 4 hours to obtain the homogenous black mixture. Next, the obtained mixture was 

centrifuged at 1000 rpm for 10 minutes to collect the resultant precipitates which were rinsed with 

deionized water several times and dried in an oven at 70 °C for 10 hours. The dried depositions as 

MIP@GO were stored in a 4 °C refrigerator. Prior to the modification of the GCE, bare GCE (3mm in 

diameter) was thoroughly polished with 0.3 μm Al2O3 slurry (99%, Zhengzhou Haixu Abrasives Co., 

Ltd. China) on micro-cloth pads to obtain a mirror-like surface, then rinsed thoroughly with ethanol and 

deionized water for several times. 10 mL of 10g/L MIP@GO suspension was carefully cast on the clean 

surface of GCE and dried at room temperature. Afterward, chronoamperometry at a potential of 1.2 V 

for 10 minutes in 0.1 M phosphate buffer solution (PBS) with pH 5.0 using electrochemical workstation 

(Zhengzhou CY Scientific Instrument Co., Ltd., China) was employed for remove the template 

molecules. The electrochemical workstation was equipped conventional three-electrode system 
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containing the modified GCE, platinum plate and Ag/AgCl (3 M KCl) as the working, counter, and 

reference electrode, respectively. Thereby, the MIP@GO/GCE with substantial number of molecular 

binding sites was achieved. For control, the nonimprinted PPy@GO/GCE (NIP@GO/GCE) was 

prepared in the same method without additional template (GPh), and MIP/GCE and GO/GCE samples 

were prepared without the addition of GO and MIP, respectively. 

 

2.2. Characterization instruments 

 

An electrochemical workstation (Xian Yima Optoelec Co., Ltd., China) was used for 

electrochemical analyses based on differential pulse voltammetry (DPV) techniques in 0.1 M PBS with 

pH 7.0 as the supporting electrolyte. The electrolyte was prepared using a stock solution of 0.1 M 

KH2PO4 (≥98.0%, Sigma Aldrich). Scanning electron microscopy (SEM, JEOL JXA8600 M) and X-ray 

diffractometer (XRD, Philips X-pert Pro PW 1830 with CuKa radiation) were employed for 

characterization the crystallographic and morphological information of the synthesized nanomaterial, 

respectively. 

 

2.3. Preparation of the actual sample from Corn samples  

 

Corn samples were purchased from the local markets in Changchun, Jilin Province, China. 10 g 

of pesticide free ground corn was mixed with 150 mL of 0.10.1 M PBS (pH 7.0). After sonication for 30 

minutes at room temperature, the mixture was put in the refrigerator for 48 hours.  Subsequently, the 

mixture ultrasonically blended for 30 minutes at room temperature. Next, the mixture was filtered, and 

then centrifuged at 2000 rpm for 20 min to collect the residues. After then, the liquid extracts was used 

for electrochemical studies. Glyphosate ELISA Plate Kit (Eurofins Abraxis, USA) was used for 

determination GPh in prepared real samples. 

 

 3. RESULTS AND DISCUSSION 

 

3.1. Structural studies of synthesized molecularly imprinted polymeric electrode 

 

The XRD spectra of powders of MIP, GO, MIP@GO and NIP@GO are exhibited in Figure 1. 

As seen from XRD spectra of MIP, there are the conventional scattering of the X-ray beams that forms 

a very broad peak from 2θ = 5 to 20°, indicating characteristics of MIP amorphous nature [30, 31]. XRD 

spectra of GO show the typical (001) and (100) diffraction peaks of GO that are obtained at 2θ = 10.19° 

and 41.77°, respectively [32-34]. XRD spectra of the MIP@GO and NIP@GO show the (100) peak of 

GO is disappeared and (001) peak of GO becomes weaker and broader which can be attributed to the 

superimposition of peaks of the GO with a large band of the PPy [35-37], indicating to successful 

polymerization of PPy on the surface of GO [38]. 
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Figure 1. The XRD spectra of powders of MIP, GO, MIP@GO and NIP@GO. 

 

SEM micrographs of the GO/GCE, MIP@GO/GCE and NIP@GO/GCE are displayed in Figure 

2. SEM micrograph of the GO/GCE in Figure 2a exhibits the curved, layer morphology with smooth 

surfaces of GO nanosheets. SEM micrograph of NIP@GO/GCE shows GO nanosheets with NIP with 

rough surfaces on nanosheets. In contrast, the SEM micrograph of MIP@GO/GCE shows that the 

morphological structures of the modified electrode have higher porosity, roughness and bulging which 

indicates an effective polymerization of MIP film on the nanosheets of GO [39-41]. 

 

 

 

Figure 2. SEM micrographs of the (a) GO/GCE, (b) MIP@GO/GCE and (c) NIP@GO/GCE. 

 

3.2. Electrochemical studies 

 

DPV curves MIP/GCE, GO/GCE, MIP@GO/GCE, NIP@GO/GCE and GCE at applied 

potentials between 0.40 V to 1.15 V in 25 mVs−1 scan rate into 0.1M PBS (pH=7.0) containing 350 μM 

GPh are depicted in Figure 3. As seen, the DPV curves MIP/GCE, GO/GCE, MIP@GO/GCE and 

NIP@GO/GCE show an anodic oxidation peak at 0.96 V, 0.99 V, 0.94 V and 0.98 V, respectively, that 

the peak can be related to the irreversible oxidation of the secondary amine [42-44]. The DPV curves of 

GCE do not show any obvious peak. It is observed that MIP@GO/GCE shows a significant 
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electrocatalytic peak current and lower oxidation potential than that other electrodes. It illustrates that 

nanocomposite of molecularly imprinted polymer on nanosheets of GO which act as the supporting 

nanostructure for MIP to form binding sites at the nanosheet surface as well as great effective surface, 

good stability and easy functionalization improve the affinity and sensitivity of sensor. The GO 

nanosheets can promote the conductivity and density of imprinted sites located in the curved and layer 

of GO [45-47]. It can be considered a guarantee for great effective specific recognition and leads to the 

enhancement of signal response of MIP@GO/GCE [48]. Furthermore, the porous, rough and bulging 

morphology of MIP@GO/GCE facilitates the diffusion rate and improve the electrochemical reactions 

rate [49-51]. The carboxyl and phosphate groups of GPh as an anionic state show a great affinity to the 

PPy sites [52-54]. Additionally, MIP exhibits characteristics complementary to the spatial structure of 

the GPh molecule that the imprinted cavities provide binding sites with high affinity and selectivity to 

recognize the target molecules [55-57]. MIP based sensor indicates a higher electrochemical signal of 

GPh than that NIP based sensor, reflecting the great specific adsorption of MIP towards GPh molecule 

because of the presence of higher porosity and roughness and higher density of imprinted cavities in the 

MIP than that NIP [58, 59]. The results are consistent with the SEM analyses of MIP@GO/GCE and 

NIP@GO/GCE. Thus, the following electrochemical analyses were conducted on MIP@GO/GCE. 

 

 

 

 

Figure 3. DPV curves MIP/GCE, GO/GCE, MIP@GO/GCE, NIP@GO/GCE and GCE at applied 

potentials between 0.40 V to 1.15 V  in scan rate of 25 mVs−1 in 0.1 M PBS (pH 7.0) containing 

350μM GPh. 

 

Figure 4a depicts the DPV response of MIP@GO/GCE under consecutive injections of 200 μM 

GPh solutions in an electrochemical cell containing 0.1 M PBS (pH 7.0), at applied potentials from 0.40 

V to 1.15 V  in a scan rate of 25 mVs−1. The DPV response of MIP@GO/GCE demonstrates that after 

each injections of 200 μM GPh solution, the DPV peak current is increased, reflecting excellent response 

of MIP@GO/GCE toward GPh. Figure 4b shows the corresponding calibration plot that indicates the 

sensitivity of 0.1271 µA/μM and a stable linear range from 0 to 1800 μM. The sensor for GPh reaches a 

low detection limit of 11 nM. The electrochemical sensor performance for determination GPh in current 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 221292 

  

6 

study and other reports in the literature are summarized in Table 1, illustrating that MIP@GO/GCE 

possesses a broad linear range and relatively low detection limit value between the recent GPh sensors. 

It can be related to a synergism exists between the GO and MIP [60-62], that can provide electro-

conducting path and excellent surface-to-volume to promote the accessibility of the GPh molecule to the 

binding sites and cavities and facilitates the electron transfer rate [63-65]. 

 

 

 

Figure 4. DPV response and the equivalent calibration plots of MIP@GO/GCE under consecutive 

injections of 200 μM GPh solutions in an electrochemical cell containing 0.1 M PBS (pH 7.0), 

at applied potentials from 0.40 V to 1.15 V  in a scan rate of 25 mVs−1. 

 

 

Table 1. The electrochemical sensor performance for determination GPh in current study and other 

reports in the literature. 

 

Electrodes 

 
Method Linear 

range (µM) 

Detection 

limit (µM) 

Ref. 

 

MIP@GO/GCE DPV 0–1800 11 This 

work 

CuCl doped graphene/double-walled carbon 

nanotubes 

DPV 6×10−6–0.3 0.77×10−5  [21] 

CuO/ionic liquid/hollow fiber/MWCNTs/ 

pencil graphite electrode  

DPV 0.005−1.1  1.3  [22] 

Graphite oxide paste electrode SWV 18−1200  17  [42] 

CuAl graphene nanoprobe DPV 0.0029−1.18  1 [23] 

Nanoporous copper CV 0.030−0.065  4  [66] 

rGO/double-Walled CNTs/octahedral-Fe3O4/ 

chitosan / screen-printed gold electrodes 

SWV 6×10-4–6 0.47  [67] 

Copper benzene-1,3,5-tricarboxylate 

nanocomposite 

DPV 10−7−1  2.6 × 10−5  [68] 

SWV: Square Wave Voltammetry 

 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 221292 

  

7 

For evaluation of the specificity of proposed GPh sensing method, the DPV response of 

MIP@GO/GCE under consecutive injections of 10μM GPh solution and 40 μM interfering compounds 

presence in food samples in an electrochemical cell containing 0.1 M PBS (pH 7.0), at applied potentials 

from 0.40 V to 1.15 V in a scan rate of 25 mVs−1 were investigated. The results of electrocatalytic peak 

current of DPV measurements at 0.94 V are listed in Table 2. These findings show that there is a 

substantial electrocatalytic response of MIP@GO/GCE to the addition of GPh in electrochemical cell. 

Meanwhile, it is not observed any significant electrocatalytic response under addition interfering 

substances into the electrolyte solution. It reveals that MIP-based GPh in this study can specifically 

recognize the target molecules due to the specific cavities designed for a target molecule in the MIP 

matrix which provides strong interaction between the target molecule and binding sites to determine the 

selectivity of MIP [69, 70]. 

 

 

Table 2. Results of electrocatalytic peak current of DPV measurements at 0.94 V using MIP@GO/GCE 

under consecutive injections of 10 μM GPh solution and 40 μM interfering compounds presence 

in food samples in an electrochemical cell containing 0.1 M PBS (pH 7.0), at applied potentials 

from 0.40 V to 1.15 V  in scan rate of 25 mVs−1. 

 

Substance Added 

(μM) 

Electrocatalytic peak 

current (µA)  

RSD   

GPh 10 1.2724 ±0.0074 

Parathion 40 0.0339 ±0.0017 

Chlorpyrifos 40 0.0527 ±0.0019 

Dipterex 40 0.0246 ±0.0015 

Ethion 40 0.0462 ±0.0022 

Deltamethrin 40 0.0903 ±0.0017 

Dichlorvos 40 0.0742 ±0.0015 

Acetochlor  40 0.0651 ±0.0019 

Mg2+ 40 0.0255 ±0.0012 

Ag+ 40 0.0392 ±0.0012 

Fe2+ 40 0.0125 ±0.0015 

Na+ 40 0.0275 ±0.0011 

Ca2+ 40 0.0125 ±0.0013 

Al3+ 40 0.0222 ±0.0012 

CO4
2- 40 0.0401 ±0.0014 

NH4 
+ 40 0.0509 ±0.0015 

CO3
2- 40 0.0178 ±0.0017 

NO3
- 40 0.0122 ±0.0016 

  

  



Int. J. Electrochem. Sci., 17 (2022) Article Number: 221292 

  

8 

To assess the applicability and validity of the MIP@GO/GCE as GPh sensor in food samples, 

the DPV response of MIP@GO/GCE under consecutive injections of 0.1 μM GPh solutions in an 

electrochemical cell containing 0.1M PBS prepared from corn samples, at applied potentials from 0.40 

V to 1.15 V in 25mVs−1 scan rate were investigated. Glyphosate ELISA Plate Kit was used for 

determination GPh in prepared real specimens before and after adding GPh. The attained analytical via 

standard addition technique are summarized in Table 3 which shows the great conformity between the 

results of both analyses, and the obtained recovery (97.00% to 98.25%) and RSD (3.58% to 4.25%) 

values are acceptable. It reflects the appropriate accuracy and validity of results of MIP@GO/GCE for 

the determination of GPh level in food samples. 

  

 

Table 3. Analytical results from the determination of GPh into prepared real specimens of corn samples 

 

Spiked(µM) DPV Glyphosate ELISA Plate Kit 

Detected(µM) Recovery(%) RSD(%) Detected(µM) Recovery(%) RSD(%) 

0.00 0.00 -- 4.25 0.00 -- 4.21 

0.100   0.097   97.00 4.17 0.096 96.00 4.18 

0.200   0.194   97.00 3.58 0.197 98.50 3.76 

0.300 0.295  98.25 3.85 0.294 98.00 4.04 

 

4. CONCLUSION 

The aim of this work was the preparation of MIP@GO/GCE as an electrochemical sensor for 

monitoring GPh content in corn. The nanocomposite were prepared through the polymerization of 

pyrrole on GO nanosheets. The structural studies indicated to effective polymerization PPy on the 

surface of GO. Electrochemical analyses demonstrated that MIP@GO/GCE showed the sensitive and 

selective electrocatalytic response to GPh in electrochemical cell, and indicated the sensitivity of 0.1271 

µA/μM and a stable linear range from 0 to 1800 μM. The sensor for GPh reached a low detection limit 

of 11 µM. The results revealed that MIP@GO/GCE possessed a broad linear range and relatively low 

detection limit value between the recent GPh sensors. It can be related to a synergism exists between the 

GO and MIP, that can provide electro-conducting path and excellent surface-to-volume to promote the 

accessibility of the GPh molecule to the binding sites and cavities and facilitate the electron transfer rate. 

The applicability and validity of the MIP@GO/GCE as GPh sensor in food samples were examined and 

results exhibited that the obtained recovery and RSD values were acceptable. It reflected the appropriate 

accuracy and validity of results of MIP@GO/GCE for the determination of GPh level in food samples. 
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