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Sulfamethoxazoleis an artificially synthesized ammoniabenzene 

derivative. It is one of the most frequently useddrugs in the 

sulfonamide familyfor preventing bacterial infections in veterinary 

and humantreatments. However, as a result of its abuse, there are a 

large number residues of drug or its metabolites,which cause 

severe food safety and environmental problems. Thus, a highly 

reliable analytical method is necessary to monitor the residues 

ofsulfamethoxazole in foodstuffs. For the determination of 

sulfamethoxazole, liquid chromatography [1] and capillary 

electrophoresis [2] are the most employed methods. However, the 

above methods are laborious, time consuming and expensive.A 

good alternative for this purpose is the electrochemical methods , 

which have the advantages of fast response, low cost, good 

selectivity in trace analysis [3–5]. 

Molecularly imprinted polymers (MIP) based electrochemical 

sensors have received great attention due to their high selectivity 

and sensitivity [6, 7]. MIP can not only accumulate template 

molecules on the electrode surface to enhance the sensitivity,but 

also separate template molecules from the other analytes to 

improve the selectivity. However, traditional MIP have many 

limitations of incomplete template removal,low-affinity binding 

and slow mass transfer. Prepreation of MIP on the surface of 

nanomaterials could enables the template-imprintingsites and 

provide the advantages of favorable selectivity andfast 

association/dissociation kinetics. Carbon nanotubes, owing to 

theunique structures, high stabilities, and large surface area, are 

extremely attractive in the field of electrochemical sensors because 

they increase the surface areas of the electrodes, enhance 

conductivity and facilitate the electron transfers [8, 9]. They have 

also been used in the preparation of MIP[10]. 

In this work, carbon nanotubes were immoblized on the 

electrode surface, the MIP could be prepared on the surface of 

carbon nanotubes. For the preparation of MIP, 

electropolymerization is a simple method which can directly 

prepare rigid,uniform, and compact MIP film on the electrode 

surface [11]. Methylthionine chloride is a derivative of thionine. 

Thionine can undergo electrochemical polymerization in an 

aqueous solution to produce a stable polymer[12]. Herein, 

methylthionine chloride was electropolymerized on the surface of 

carbon nanotubes to prepare MIP. The prepared MIP was used for 

the electrochemical determination of sulfamethoxazole. It showed 

wide linear range, low detection limit, high selectivity and 

sensitivity for the detection of sulfamethoxazole. 
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Multi-walled carbon nanotubes (MWCNT) were obtained from 

Shenzhen Nanotech Port Co., Ltd (Shenzhen, China) with a typical 

diameter of 10–20 nm. Their purity was more than 98%. 

Sulfamethoxazole and methylthionine chloride were purchased 

from Aladdin Industrial Corporation(Shanghai, China). All other 

chemical reagents were obtained from Nanjing Chemical Reagent 

Co. (Nanjing China). 

All electrochemical experiments were carried out on a CS350 

Electrochemical Workstation (Wuhan Corrtest Instruments CO., 

LTD, Wuhan, China). A conventional three-electrode cell 

configuration was employed for the electrochemical measurements. 

A modified glassy carbon electrode (disc diameter of 3 mm) was 

used as the working electrode. The saturated calomel electrode 

(Saturated KCl) and platinum wire were employed as the reference 

and the counter electrode, respectively. 

Prior to use, the glassy carbon electrode(GCE) was carefully 

polished with a leather containing 0.05 µm Al2O3 slurry and then 

ordinal ultrasonically cleaned in ethanol and distilled water. 

MWCNT was dispersed in acetone with the aid of ultrasonic 

agitation to prepare 2 mg ml–1 MWCNT suspension. Then 10 µl of 

the suspension were dropped onto the clean GCE surface and the 

solvent was evaporated in air to prepare MWCNT/GCE. 

For the preparationof MIP/MWCNT/GCE, the MWCNT/GCE 

was immersed in a 0.2 M Na2SO4 solution(pH=2) containing 2.0 

mM sulfamethoxazoleand 4.0 mM N-methylthionine for 15 minto 

pre-assemble between template and monomer. The electropolymer-

ization was carried out using the cyclic voltammetry (CV) method 

at a scan rate of 50 mVs−1 between −0.2 and +1.2 V for 20 cycles. 

Then, the embedded sulfamethoxazole was removed by scanning 

between -0.2 and +0.6 V in a 0.2 M Na2SO4solution for 6 cycles. 

Finally,the modified electrode was washed with water and dried for 

further use. 

The cyclic voltammograms(CV)were carried out in a 1.0 mM 

K3[Fe(CN)6] solution containing 0.2 M KNO3, and the scanning 

potential range was from +0.7 V to −0.4 V at a scan rate of 20 mV 

s−1.The square wave voltammetric measurements were performed 

in the scanning rangefrom +0.7 V to -0.4 V with astep increment of 

4 mV, amplitude of 100 mV and frequency of 15 Hz. Prior to 

electrochemical measurement, the tested electrode was immersed in 

0.2 M KNO3 containing sulfamethoxazole for 9 min under stirring. 

Aftereach measurement, the template-entrapped electrode 

wasscanned between -0.2 V and+0.6 V in a 0.2 M Na2SO4solution 

for several cycles to remove the sulfamethoxazole molecules, then 

the electrode was washed with water for reuse. 

Fig. 1 shows the CVof different modified electrodes in a 1.0 mM 

K3[Fe(CN)6]solution containing 0.2 M KNO3. Curve a shows a pair 

of well-defined redox peaks related to the redox of K3[Fe(CN)6] at 

MWCNT/GCE. Curve b shows the CV of the MIP film before 

removing the sulfamethoxazole. Almost no redox peak was 

observed because the electrode surface was covered by the compact 

polymer film, which blocked the penetration and access of redox 

probe to the electrode surface.A pair of redox peaks was observed 

after the removal of sulfamethoxazole (curve c) . It is due to the 

fact that the removed template enhanced the diffusion of 

K3[Fe(CN)6]and promoted the redox reaction of K3[Fe(CN)6] on 

the electrode surface.However, the peaks current were still lower 

than those of curve a, which was due to the fact that only the 

cavities in the MIP after template removal acted as channels for 

electron transport. Curve d shows the CV of the MIP film after 

incubation with 0.2 mM sulfamethoxazole. The intensity of this 

redox peaks were lower than those observed in 

curve c. It is can be explained that the binding of sulfamethoxazole 

in MIP film resulted in blockage of the cavities, and hence hindered 

the diffusion of the redox probe. 

The important experimental parameters including scan cycles, 

mole ratio of template molecules to functional monomers, and 

incubation time could affect the performance of the MIP sensor. 

The thickness of the MIP film would affectthe sensitivity of the 

MIP sensor. In this work,the thickness of the MIP film can be 

controlled by the scan cycles during electropolymerization. As can 

be seen from Fig. 2A, the peak current reduction(ΔIp)increases 

asthe the scan cycles increases, and the ΔIp reaches the maximum 

value at 20 cycles. The ΔIp decreased when the scan cycles exceed-

ed 20 cycles, indicating that the film was too thick to completely 

remove the template molecules. Therefore, 20 cycles could obtain a 

suitable film thickness to offer the highest sensitivity of the MIP 

sensor. The molar ratios of template molecules to functional mono-

mers could affect the amount of template molecules embedded in 

 

Figure 1. Cyclic voltammograms of 1.0 mM K3[Fe(CN)6] at 

MWCNT/GCE(a),MIP/MWCNT/GCE without removing sul-

famethoxazole(b), MIP/MWCNT/GCE after removing sul-

famethoxazole(c),and MIP/MWCNT/GCE after incubation with 

sulfamethoxazole (d). 
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the polymer matrix. The MIP sensors prepared with different molar 

ratios of sulfamethoxazole to N-methylthionine(2:1, 1:1, 1:2, 1:3 

and 1:4) were tested for their current response under the same con-

ditions.As shown in Fig. 2B, a maximum value of ΔIp was 

achieved at 1:2molar ratio of sulfamethoxazole to N-

methylthionine. Thus, a sulfamethoxazole to N-methylthionine 

molar ratio 1:2 was selected and adopted in this work. 

The effect of incubation time was investigated in the range of 3- 15 

min. As shown in Fig. 2C, the ΔIp increases with increasing incu-

bation time and achieved balance at 9 min, indicating that adsorp-

tion equilibrium was achieved. Therefore, the incubation time of 9 

min was applied in the subsequent measurements. 

Square wave voltammetry (SWV) was used for the determination 

of sulfamethoxazole. Fig. 3A shows SWVs of the MIP sensor with 

different concentrations of sulfamethoxazole. The peak currents 

decreased with increasingamount of sulfamethoxazole. The results 

suggested that imprinted cavities were gradually filled, and mass-

transfer diffusion was blocked with increasing template molecules. 

As shown in Fig. 3B, the ΔIp are proportional to the concentrations 

of sulfamethoxazole in the range from2.4 to 23.6 µM, with a detec-

tion limit of 0.81 µM. The linear regression equation can be ex-

pressed as ΔIp (µA) = 0.18 + 0.35c (µM), with a correlation coeffi-

cient r = 0.9916. 

 

Figure 2. The effect of the scan cycles(A), the mole ratio of tem-

plate molecules to functional monomers(B), and incubation 

time(C) on the ΔIp of MIP sensor. 

 

 

 

Figure 3. (A) SWVs of the MIP sensor with different concentra-

tions of sulfamethoxazole. From a-g: 0; 2.4; 4.8; 7.2; 9.6; 12; 14.4; 

18.8; 23.6 µM. (B) Plot of the ΔIpversus concentration of sulfa-

methoxazole. 
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In addition, the comparative results between the proposed MIP 

sensor and other previously reported methods for sulfamethoxazole 

determination are summarized in Table 1. As can be seen, the pro-

posed MIP sensor has a wide linear range and a low detection limit, 

which makes it suitable for the determination of sulfamethoxazole. 

To investigate the reproducibility of the MIP sensor, a series of 

four MIP sensors were prepared in the same manner. They were 

tested for the determination of 7 µM sulfamethoxazole and the 

RSD was 3.5%. The stability of the MIP sensor was also stud-

ied.The peak current response retained 94.8% of its initial response 

after it was stored at room temperature for three weeks. The good 

reproducibility andstability of the proposed MIP sensors make 

them attractive for fabricating electrochemical sensors. 

The selectivity of the MIP sensor was evaluated by investigat-

ingits effecton the detection of 7 µM sulfamethoxazole. The results 

indicated that the concentration of 10 times of trimethoprim, 50 

times of ascorbic acid, dopamine, uric acid, or 200 times of NH4
+, 

K+, Na+, SO4
2− did not affect the determination of sulfamethoxa-

zole. Thus, the performed MIP sensor showed satisfactory analyti-

cal selectivity in the determination of sulfamethoxazole. 

To evaluate the applicability of the proposed MIP sensor to real 

samples,it was applied to the determination of sulfamethoxazole in 

the milk and milk powder. Themilk and milk powder were pretreat-

ed with the following procedure:8 mL milk (or 2 g milk powder) 

was first mixed with 6 ml of 0.5 mol L−1 trichloroaceticacid and 30 

ml of methanol. After 10 min shaking and 20 min sonication,the 

mixture was centrifugedfor 15 min, and the supernatant was filtered 

through a 0.45 μm filter membrane. The filtrate was then con-

densed to give a total volume of 10 ml for detection. No sulfameth-

oxazole was detected in the real samples. Then the standard addi-

tion method was adopted to detect sulfamethoxazole in real sam-

ples. The data were shown in Table 2. The obtained results indicat-

ing that the present MIP sensor was reliable for the determination 

of sulfamethoxazole in real samples. 

In this work, we presented a molecularly imprinted electrochemi-

cal sensor for sulfamethoxazole detection. The detection range was 

from 2.4 to 23.6 µM and the detection limit was 0.11 µM . The 

proposed sensor was applied for the detection of sulfamethoxazole 

in milk products with good recovery. 
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Table 1. The determination performance comparison with other 

methods. 

Modified electrode Linear range (μM) LOD(μM) References 

Boron-doped diamond (BDD) 6.1- 60.1 1.1 [13] 

Hydrogen-terminated BDD 3.9-31.6    0.065 [14] 

MWCNT/GCE 1.4-118.4 0.4 [15] 

GCE 55-395 8.5 [16] 

MIP/MWCNT/GCE 2.4-23.6   0.81 this work 

Table 2. Determination of sulfamethoxazole in real samples 

Samples Added (µM) Found (µM) Recovery (%) RSD (%) 

Milk 0 Not detected - - 

 12 11.39 94.92 4.1 

Milk powder 0 Not detected - - 

 12 11.53 96.08 3.6 


