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Abstract: Methoxyfenozide-selective surface molecularly imprinted polymer (MIP) sorbent was 

synthesized by reversible addition-fragmentation chain transfer (RAFT) polymerization based on 

support matrix of SBA-15. The size, morphology, composition, and properties of the prepared 

nanocomposite have also been characterized and determined using scanning electron microscopy 

(SEM) and Fourier-transform- infrared (FT-IR) spectroscopy. A miniaturized solid-phase extraction 

procedure has been developed for ultra-trace determination of methoxyfenozide adsorbed on 

polymethacrylic acid-functionalized Santa Barbara Amorphous type material (SBA-15), which is 

packed into a pipette- tip (PT). The PT-SPE was assembled by packing 2.0 mg of nanocomposite of 

MIP as sorbent into a 100 μL pipette tip. The method was optimized for several important extraction 

parameters such as sample volume, pH, amount of sorbent, and eluent solvent. The results determine 

that the prepared adsorbent has a high extraction power. High sensitivity, non-use of organic solvent, 

high selectivity, and low detection limits are the unique advantages of the proposed method. 

Keywords: reversible addition-fragmentation chain transfer polymerization; surface molecularly 
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1. Introduction 

Molecular imprinting is defined as the accumulation of a network polymer matrix 

around a template molecule. It is a blend of molecular imprinting reactions consisting of 

template molecules, functional monomers, cross-linking monomers, polymerization initiators, 

and solvent solutions. Molecular imprinting polymers are obtained from the copolymerization 

reaction between the functional monomer and the transverse binder in the presence of a 

template molecule as a three-dimensional polymeric network with a strong transverse 

bond.Once formed, the template molecules are separated from the resulting structure, leading 

to the formation of bonds with the shape, size, and functional groups of the template. This 

concept was first introduced to silica in 1931 [1], while most works in history have focused on 

molecular imprinting in organic molecules.MIP has the same function as antibodies to 

enzymes. This is why they are designated as mimic antibodies. This could be explained as these 

polymers try to mimic structures like their natural counterparts [2]. In recent years, the use of 

MIP has been investigated in many fields of separation sciences such as capillary 

electrophoresis [3], crystal chromatography, solid-phase extraction [4, 5], and solid-phase 

microextraction [6]. The most common application of MIP in the pre-preparation process is in 
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the solid-phase extraction [7]. Recently, it has been reported that the selectivity of solid-phase 

extraction (SPE) can be improved by employing molecular imprinting polymers or engraved 

molecular polymers because the identified sites of synthesis and the high selectivity of the 

engraved molecular polymers have made this feature obvious. Therefore, solid-phase 

extraction based on molecular imprinting polymers is one of the most successful and valuable 

applications. This method combines both SPE and MIP methods' advantages and displays high 

extraction efficiency, reusability, and good selectivity [8-27]. Pipette-tip extraction is a simpler 

and faster method of solid-phase extraction, introduced in 1998 as a new SPE tool. The solid 

phase absorber is placed inside the pipette and between the two filters. Due to the combination 

of the static phase (adsorbent) with the sample, several conditional steps required in the 

conventional SPE method are eliminated. After passing through the stationary phase, the 

sample solution is transferred to the waste container, and the stationary phase is washed with 

only 1 ml of aqueous solution or buffer. After the washing step, the solvent is transferred to the 

waste container, the analyte absorbed by 0.1-0.3 ml of its special solvent is injected into the 

GC or HPLC device, and the required analysis is performed. The time-consuming stage of 

compaction in the device is also eliminated due to the low volume of solvent used. Solid-phase 

extraction method - Pipette tip includes advantages such as faster extraction time (1-2 minutes), 

an extraction method for all analyzes, clean extraction, low sample volume (about 200 

microliters) compared to the conventional SPE method, low solvent volume (200-400 

microliters) and reduced solvent volume is wasted [28]. Although controlling the pathogen 

(using pesticides) in the agricultural sector is beneficial, pesticides cause disease and death in 

humans, and these problems are caused by different conditions of direct and indirect human 

contact with pesticides. As soon as human skin is exposed to the toxin, the toxin may be 

absorbed into the body or remain only on the skin's surface. The general effects of the condition 

on the skin are problems such as dermatitis (skin allergies). The absorption of pesticides in the 

body can cause problems for human health: such as eye irritation, in the case of further 

absorption of respiratory problems with systemic poisoning, which may eventually lead to 

death. Indirect moss with pesticides is caused by eating foods that have been infested with 

pesticides and can increase toxins in the human body, which are usually dependent on long-

term exposure to these pesticides, which can lead to disease or not. Sunscreens work by 

increasing the body's speed of different activities, increasing them (for example, increased heart 

rate, sweating), or reducing them (complete cessation of breathing). For example, experimental 

populations with Malathion insect pesticides can cause sweating based on experience; this 

result is due to a series of physiological events in the body that respond to chemicals in the 

body and initially cause the enzyme's biochemical inactivity [29, 30]. Depending on the 

specific biochemical mechanism of an activity, a toxin may have very extensive effects on the 

body, or it may cause very limited changes in physiological activity in a specific area of the 

body or limbs. Malathion toxin simply inactivates an enzyme that is the interface between 

nerves. An enzyme that is inactivated by the parathyroid toxin or other pesticides is common 

in the body and, therefore, has various effects on most body systems and sweating 

[31].Methoxyfenoside (N-tert-butyl-N ’- (3-methoxy-o-toluoy) -3, 5-xylohydrazide), a 

member of the dia-cylhydrazine family, is an insecticide. It is a white powder with the chemical 

formula C22H28N2O3, which acts as ecdysone and active at the beginning of consumption. 

Methoxyphenoside is emitted when NO2 toxic gases evaporate or decompose. It is active in all 

stages of feeding the lichens and turning them into butterflies, thus interrupting the feeding 

prematurely, the lichens' deadly peeling, and being an active, fat-soluble substance. It is also 
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an active ingredient in fat.In the present study, the molecular imprinting polymers synthesized 

by RAFT polymerization have been activated on the SBA-15 surface, and as an adsorbent in 

the pipette tip-SPE, it has been used to extract methoxyfenozide toxin from the aqueous sample. 

2. Materials and Methods 

2.1. Materials. 

 All materials including methacrylic acid monomer (MAA), ethylene glycol 

dimethacrylate (EGDMA), azobis (2-methylpropionitrile) (AIBN), carbon disulfide, bromine 

benzene, magnesium, SBA-15, chloromethylcetyl, Sulfuric acid, tetrahydrofuran, methanol, 

and acetone were produced by Lubacam and Merck. The methoxy-phenoxide toxin was 

prepared from Dow Agro Sciences. 

2.2. Apparatus. 

In this study, to analyze the data, the high-performance liquid chromatographic device 

of the German model KNAUER Smartline, equipped with a four-solvent pump, manual 

injection with a loop volume of 20 µL, with a column filled with polymer C18 (240 x 0.6 mm) 

and the UV-Vis detector (model SV-2600UV) was used in the adjustable wavelength range 

from 200 to 400 nm. To wash the column, the flow rate started from 0.2 mL/min, and as this 

flow rate was increasing, it reached 0.5 and then 0.7, and finally, the flow rate was adjusted to 

1 mL/min. Samples extracted in the same volume, through column C18, were passed by the 

combined mobile methanol/acetonitrile phase with a volume ratio of 70:30 at a temperature of 

20 °C and a flow rate of 1 mL per minute, and a wavelength of 240 nm measured by UV-Vis 

detector. The injection volume was 20 µL and the time required for the peaks to appear was 5 

minutes. Cromgate software was used to record the chromatogram and measure the area under 

the peak. 

Material morphology was recorded using a scanning electron microscope of the LEO 

1430 VP model. To further prove the synthesized material's synthesis and chemical structure, 

a spectroscopic Bruker 27 infrared spectroscope made in Germany was used. 

2.3. Synthesis of SBA-15-Cl. 

To synthesize SBA-15-Cl [31,32], approximately 250 mg of SBA-15 was initially 

activated by 3 Mm hydrochloric acid so that 100 mL was added to 0.5 g SBA-15 and sub. The 

reflux device was placed after 24 hours of reaction; the product was washed with distilled water 

and dried. About 250 mL of activated SBA-15 was poured into about 2 mL (4-chloromethyl) 

phenylephrine methoxy silane and 10 mL of dry toluene solvent into a 100 mL balloon, and 

then, the temperature reached 90 °C and was subjected to nitrogen gas flow. After 24 hours, 

the mixed particles were separated by filter paper and dried in an oven under a vacuum 

atmosphere. 

2.4. Synthesis of the transfer agent to the increase-detachable radical polymerization chain 

reversible on the SBA-15-Cl surface. 

The phenyl magnesium bromide solution (1 mol in dry tetrahydrofuran) was first 

synthesized by the Grignard reaction, as follows: about 17 mL of dry tetrahydrofuran solvent, 

about 0.5 g of magnesium fragments, and 1.2 mL of bromobenzene in droplets inside the 
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balloon. Two drops were poured under reflux, and a tip of the spatula was added from the solid 

iodine after 24 hours of reaction at 70 °C, on the reaction solution 1 mL of carbon disulfide for 

10 minutes and in the form of drops under 40 °C was added, and after 1 hour of the above 

reaction, 500 mg of the prepared SBA-15-Cl powder synthesized in previous sections was 

added to it. The reaction lasted for 60 hours at 70 °C and under the influence of nitrogen gas. 

After 60 hours, 25 mL of the molar hydrochloric acid solution was added to the reaction 

mixture. Then the product was rinsed several times with tetrahydrofuran, methanol, and 

acetone solvents. The resulting SBA-15-RAFT was dried at 40 °C for 24 hours in a vacuum 

atmosphere.  

2.5. Methoxyfenoside polymer template synthesis on SBA-15-RAFT (SBA-15-MIP 

nanocomposite). 

For sealing from SBA-15 surface, SBA-15-RAFT powder (modified with dithioesters 

compound) obtained from previous stages in a solution of 0.4 mmol (0.033 mL) methacrylic 

monomer acid and 0.1 mM (0.16 g) of methoxyfenozide toxin in 10 mL of methanol was 

subjected to nitrogen atmospheres to penetrate the monomer and template molecules into the 

SAB-15 cavities. After a few minutes, 200 mg of AIBN and 2 mM (0.377 mL) of ethylene 

glycol di methacrylate cross-linker were added to the monomer and template mixture and at 

60°C temperature. The oil baths and reflux devices were installed to perform the 

polymerization process. After 20 hours, the solution was centrifuged in a test tube. The 

resulting sediment was washed several times with a volumetric composition of water and 

methanol (5: 1) and dried at room temperature. 

2.6. Preparation of standard solutions. 

The stock solution was prepared at a concentration of 100 ng/mL by dissolving 0.0422 

g of methoxyfenozide poison in 10 mL of methanol. The working solutions were prepared by 

adding the necessary amounts of water daily so that for each analysis, 10 mL of mother solution 

was used with the final concentration of 1 ng/mL prepared in the analysis solution (water). 

Methoxyfenoside was kept in the dark at 4° C to prevent the destruction of the toxin. 

2.7. Extraction process with the solid phase-pipette tip. 

The extraction process was carried out with a solid-pipette tip phase with 100 μm micro-

slippers connected to an insulin syringe. First, the microspores were washed with 1 mL of 

methanol and 1 mL of deionized water and dried at room temperature to prepare for the 

extraction process. The two sides of the micro-spasm were covered with cotton to prevent the 

absorption from being wasted; 1 mg of the synthesized adsorbent was poured into the micro-

spasm so that it was placed exactly between the two pieces of cotton. To activate the adsorbent 

powder with 1 mL of methanol solution: water (9: 1 mL) was washed. 10 mL of the analytical 

solution was extracted by a syringe attached to a micro-sampler and finally dissolved in one 

ml of soluble methanol solution, which was stored in brown glass containers for injection into 

the HPLC-UV device. 
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3. Results and Discussion 

3.1. Investigation of the morphological morphology of the synthesized molecular template on 

SBA-15 mesoporous (SBA-15 -MIP nanocomposite). 

In research on nanostructured materials' properties, the electron microscope is one of 

the most important and widely used devices. Most studies on the properties of nanostructured 

materials use scanning electron microscopy to determine their size and shape. 

Figure 1 shows an SEM image for SBA-15. This image shows short rod-shaped 

structures with a uniform size of about one micrometer of pure SBA-15. However, in Figure 2, 

which displays the modified SBA-15 image with the polymer of template, it can be seen that 

the SBA-15 surface is more uneven. Moreover, the formation of a thin polymer layer of the 

molecular template is destroyed. 

 
Figure 1. SEM images related to SBA-15. 

 
Figure 2. SEM image related to SBA-15 modified by methotrexate polymer molecular form. 
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3.2. Examination of pure FT-IR SBA-15 spectrum and SBA-15-MIP nanocomposite. 

In the FT-IR spectrum obtained from pure SBA-15 analysis, the peaks observed in 3427 

and 1626 cm-1 are related to the vibration of -OH groups due to water absorbed by mesoporous 

and SBA-15 hydroxyl groups, and also 1079 cm-1 peaks are related to Si-O-Si asymmetric 

tensile vibrations, and 849 cm-1 region peak peaks are related to Si-O-Si symmetric tensile 

vibrations. Si-O-Si bending vibrations are also observed in the 471 cm-1 region. 

In the FT-IR spectrum obtained from SBA-15-MIP nanocomposite, the peaks observed 

in the 1731cm-1 area  are related to the tensile vibrations of the carbonyl groups in EGDMA 

and MAA. Furthermore, the peak for C-Cl vibrations, which should be in the 690 cm-1 area, is 

not visible, which indicates the reaction of the peak's gasoline disappearance and disappearance 

and the conversion of SBA-15-Cl to SBA-15-RAFT and instead the peak related to the tensile 

vibrations of the C = S bond can be seen in the 1443cm-1 area. The bending vibrations 

associated with the C = C bond are also easily visible in the 1498 cm-1 region. These 

observations prove the formation of SBA-15-MIP nanocomposites. Figure 3 displays the SBA-

15 FT-IR spectrum and the SBA-15-MIP nanocomposite. 

 
Figure 3. FT-IR spectrum for pure SBA-15 and SBA-15-MIP nanocomposite. 

3.3. Optimization of extraction method with solid phase-pipette tip. 

To test the strength and efficiency of SBA-15-MIP nanocomposite in the solid phase 

extraction process, a toxic pipette tip of methoxyfenozide was employed as a test solution. The 

solid-phase-pipette extraction method is usually preferred since this miniature method coupled 

with HPLC-UV chromatography is a quick way to estimate contaminants. If the adsorbent is a 

molecular template polymer, the extraction is completely selective and without disturbing 

agents' absorption. Compared to conventional cartridge extraction methods with a solid phase, 

the pipette's tip has a special conical shape with different diameters in the two end parts, which 

makes it a desirable cartridge. Placing a small amount of adsorbent at the end of the pipette tip 

provides enough distance to pass the sample solution, while the other end with a larger diameter 

is suitable for easy sampling. In this study, the cartridge consists of compressing about one mg 

of the adsorbent inside a 100-microliter pipette, which has a high absorption capacity due to 

the unique structure of SBA-15 and its high surface area. Several parameters were optimized 

https://doi.org/10.33263/BRIAC115.1352413534
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC115.1352413534  

 https://biointerfaceresearch.com/ 13530 

in the conducted work to obtain satisfactory extraction results, including the amount of hot 

adsorbent, pH, and sample solution volume, tip, and volume of solvent and adsorbent. 

3.4. The amount of adsorbent. 

The amount of compressed adsorbent in the cartridge is a key factor in this study. The 

amount of adsorbent was checked from one to three mg, considering the low consumption. The 

best results were observed in one mg. With increasing the adsorbent value to two and three mg, 

a slight improvement was observed in the extraction conditions. Therefore, one mg was 

selected as the optimal parameter. Figure 4 displays the effect of the amount of adsorbent on 

the extraction efficiency. 

 
Figure 4. Chart analyte peak area changes according to changes in the amount of adsorbent. 

3.5. pH effect. 

The sample solution's pH indicates how stable, molecular, or dissociated it is from the 

ionite ion. Since the sample solution's pH is one of the significant factors in transferring the 

analysis from the sample solution to the adsorbent present in the pipette tip, the effect of pH 

was increased by adding HCl or NaOH in the range of 2-10. The highest extraction efficiency 

was obtained at pH = 10, which is presumably due to the pH; in this pH, methoxyfenozide 

remains molecularly in the environment, so its transfer to the adsorbent at this pH is better. 

Figure 5 displays the pH effect diagram on the extraction efficiency. 

 
Figure 5. Chart analyte peak area changes according to changes in pH. 

3.6. Analytical solution volume. 

It is necessary to optimize the analysis volume in this method to obtain reliable analysis 

results and confirm the method's sensitivity. Accordingly, different volumes of 5-20 mL were 

examined; the analysis volume was selected according to the acceptable time in all stages of 

the method and the required sensitivity. Hence, according to the diagram, the sample size of 10 

mL was considered the optimal volume for low extraction time and reliable sensitivity in the 

process. Figure 6 displays the effect of the analysis volume on extraction efficiency. 
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Figure 6. Chart analyte peak area changes according to the changes of analytes. 

3.7. The type of adsorbent solvent. 

Another factor that alters the efficiency of extraction is the type of adsorbent solvent.  

Depending on the type of analysis, different solvents are used for separation. There are several 

points in choosing a solvent and absorbable solvent, including solvent and adsorbent 

compatibility with the desired measurement method, the purity of solvent and adsorption 

purity, inexpensiveness, and non-toxicity. After extraction under the same conditions, three 

solvents of methanol, hexane, and acetonitrile were used in the adsorption phase to investigate 

this factor. After recording the adsorbent solutions' chromatograms, the results were compared 

concerning the number of extracted species and their amount, respectively. The results revealed 

that the lowest level of the chromatogram compounds' peaks was associated with the time when 

hexane was used as the soluble and absorbable solvent. In contrast, maximum efficiency and 

adsorption were obtained using methanol solvent. Figure 7 displays the effect of solvent type 

the extraction efficiency. 

 
Figure 7. Chart analyte peak area changes according to changes in desorption solvent. 

3.8. Quantitative assessments and analysis of real samples. 

The extraction method with a solid phase-pipette tip was evaluated under optimal 

conditions by testing the analytical parameters of methoxyfenozide poison in the sample. The 

results of the study are given in Table 1. This indicates that the fiber has good repeatability. 

Compared to other coating materials in literature data such as PDMS for extraction and 

determination of methoxyfenozide, the proposed fiber shows a suitable LOD. 

For the toxin in question, by absorbing the polymer, the molecular template on the 

surface of the mesoporous SBA-15 was calculated based on the signal-to-noise ratio of 3 = 

0.004 mg/mL (Table 1). The linear range of this method was tested by extracting different 

water standards by increasing the concentration. With the desired adsorbent, this method 

obtained a valid linear range with a correlation coefficient of 0.999. The method's accuracy 
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was determined by repeated extraction of three folds of aqueous solutions with a concentration 

of 1 mg/L under optimal conditions. The relative standard deviation using the molecular 

template's polymer adsorption was 1.52%, which indicates that the adsorbent has valid 

repeatability.  

Table 1. Comparison of the proposed method with other methods of Methoxyfenozide extraction [32], [33] 

Liquid Chromatography−Tandem Mass Spectrometry (LC-MS/MS), and [34] dispersive liquid-liquid 

microextraction. 

Compound 

Current  method QuEChERS 

Liquid 

Chromatography-

Tandem Mass 

Spectrometry (LC-

MS/MS) 

Dispersive liquid-

liquid 

microextraction 

DLRa (R2) b LODc %RSDd LOD %RSD LOD %RSD LOD %RSD 

Methoxyfenozide 
0.01-

100 
0.999 0.004 8.2 0.005 <20 0.005 - 0.0025 4.1 

aDynamic Linear Rang (µgml-1); 
bRegression coefficient; 
cLimit of detection calculated as three times the baseline noise (ngml-1); 
dRelative Standard Deviation. 

4. Conclusions 

 In these studies, a highly sensitive method has been developed based on solid-phase 

extraction, a pipette tip based on the use of a molecular imprinting polymer adsorbent on the 

SBA-15 surface to determine the toxicity of methoxyfenozide in aqueous samples. The used 

method maintains a valid linear range, repeatability, and high sensitivity. The results determine 

that the prepared adsorbent has a high extraction power. High sensitivity, non-use of organic 

solvent, high selectivity, and low detection limits are the unique advantages of the proposed 

method. 
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