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Abstract: Molecularly Imprinted Polymer (MIP) is a synthetic polymer with cavities that are specific for target molecules. 

Cavities are obtained as a result of template removal, where the function of these cavities is to recognize molecules with the 

same size, structure and physicochemical properties as them. The polymer produced from the MIP technique is applied to the 

surface of the sensor material as an endosulfan detection and analyzing instrument. The advantage of MIP is that it is a sensor 

system that is able to provide analysis results for contamination quickly, easily and in low concentrations (ppm). The aim of this 

research is to make MIP endosulfan as a contamination sensor and potentiometrically test its performance. The research results 

showed that the optimum conditions for making Molecularly Imprinted Polymer (MIP) endosulfan were obtained with a 

composition of 6.02 mL of chloroform; endosulfan 0.025 g; 0.9 mL methacrylic acid (MAA); 1.57 mL ethylene glycol 

methacrylic acid (EGMA); 0.07 g benzoyl peroxide (BPO) with a heating time of 150 minutes at a temperature of 70 
o
C. The 

sensor performance test was carried out potentiometrically and it was found that the endosulfan MIP sensor had sensitivity and 

stability in the concentration range of 0.01-1.0x10
-6

 ppm with a detection limit of 0.01x10
-6

 ppm and life time 90 days. 
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1. Introduction 

Indonesia is an agricultural country that has extensive 

agricultural land and plantation land. The problem that often 

arises on agricultural land is the large number of pests that 

can reduce or even damage crop yields. The management and 

care of plants cannot be separated from the use of pesticides 

and herbicides to overcome plant pests. Pesticides and 

herbicides are potent substances employed to eliminate plant 

pests that pose risks to both the environment and individuals 

who consume agricultural and plantation goods [1]. 

It is essential to conduct an examination of pesticide 

residues in both food and the environment to assess the 

extent of toxicity and potential risks to both living organisms 

and the surrounding environment. Commonly employed 

methods for identifying pesticide residues include gas 

chromatography (GC) and high-pressure liquid 

chromatography (HPLC) [4]. The drawback of the GC and 

 

 
HPLC analysis techniques lies in the laboratory's extraction 

and purification procedures, involving solvents and a 

prolonged analysis period, thereby increasing the potential 

for errors. Therefore, to overcome this deficiency, a new 

method is currently being developed for the analysis of 

endosulfan pesticide residues using Molecular Imprinted 

Polymer (MIP) [5]-[7]. 

MIPs are synthetic polymers with cavities that are specific 

for target molecules. Cavities are obtained as a result of 

template removal, where these cavities function to identify 

molecules that share similar size, structure, and 

physicochemical properties with them. The template's 

selectivity and affinity will rise as the concentration values 

increase. The general principle of MIP is as in Figure 1 [8]. 
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Figure 1. General principles of MIP formation 

 

MIP is a cross-linking technique to produce a polymer 

(cross-linked polymers) which has a cavity with a suitable 

location (template), where the cavity functions to recognize 

molecules with the same size, shape, structure and physico- 

chemical properties by mechanical interaction. which is 

based on molecular compatibility 

The polymer created through the MIP technique can be 

employed on the sensor material's surface, offering notable 

selectivity, efficiency, rapid response, cost-effectiveness, and 

straightforward operation. Consequently, MIP stands out as 

a viable analytical option for detection and analysis 

instruments. The advantage of MIP is that it is a sensor 

system that is able to provide analysis results for pollutants 

quickly, easily and reliably in small amounts [9,10]. 

MIP is a method offered to make polymer materials that 

can be applied as sensors to recognize "target" foreign 

objects, sensors for recognizing chemical and biological 

elements [11,12] such as those found in medicines and food 

[13]. MIP is a methodology developed to produce cavities 

from special molecules whose behavior mimics receptor 

binding in place. It is possible for a particular type of MIP to 

recognize multiple targets. After growth, the template is 

removed and the polymer without template is able to 

recognize the presence of template molecules with a high 

degree of capability [12]. Due to the sensing properties of 

MIP, it is very possible for this polymer to be applied as a 

sensor material. 

Templates function to direct functional groups that depend 

on functional monomers in all molecular imprinting 

processes. Most MIPs use small organic molecules as 

templates. Much larger imprinting structures are still a major 

challenge, namely that larger templates are less rigid, so they 

do not facilitate the removal of binding cavities properly 

during the printing process. 

The MIP manufacturing process consists of three stages, 

namely, the polymerization process, template removal (i.e. 

the monomer used to form the cavities left in the polymer), 

and the sensing test. 

Potentiometric sensors in the form of ion selective 

electrodes (ESI) are membrane electrodes that respond 

selectively to the activity of certain ions [17,18]. The 

membrane used in the potentiometric sensor of this research 

is MIP endosulfan. 

Potentiometric sensors are used to measure the electrode 

potential of galvanic cells. The potential of a galvanic cell 

depends on the activity of the various species undergoing 

reactions within the cell. The equation that expresses this 

relationship is called the Nernst equation. 

Potentiometric sensor qualities are delineated by several 

parameters, encompassing immersion duration, Nernst factor, 

concentration span, detection threshold, selectivity, reaction 

time, and operational longevity. These parameters serve as 

benchmarks for evaluating the effectiveness of 

potentiometric sensors as measurement tools. 

In this research, electrodes were developed made from 

carbon rods coated with a MIP membrane as a sensing agent. 

As a comparison electrode, aluminum metal was also used. 

Potentiometric cell notation can be written as in equation (1). 

Al | analyte solution| |Al (1) 

If the left Al functions as an anode then the 

electrochemical reaction at the left Al electrode is as shown 

in equations (2) and (3). 

Al → Al
3+

 + 3e (Eleft) (2) 

Al | analyte solution | | Al (3) 

If the right Al functions as a cathode then the 

electrochemical reaction at the right Al electrode is as in 

equations (4) and (5). 
Al

3+
 + 3e ⇌ Al     (Eright) (4) 

Ecell = Eleft + Eright + EM (5) 

Under condition: 

EM = membrane potential 

because: Left = - Right 

then: E Cell = E Membrane 

 

2. Research Methodology 

2.1. Tools and Materials 

The material used is a pre-polymer solution comprising 

endosulfan as a template, methacrylic acid (MAA) as a 

monomer, ethylene glycol methacrylic acid (EDMA) as a 

cross-linker, and benzoyl peroxide (BPO) as an initiator. BPO 

was selected due to its stable free radicals, leading to a reactive 

interaction with monomer molecules. Additionally, BPO is 

relatively cost-effective in the market [3]. The choice of an 

appropriate cross-linker and solvent will impact the polymer 

produced [14]. 

The tools used are an Ag/AgCl reference sensor, voltmeter, 

and potentiometer. 

2.2. Measurement Stages 

This research is to obtain endosulfan MIP which will then 

be used as a layer in a potentiometric work sensor based on 

endosulfan MIP. 

The research stages include making NIP (Non Imprinted 

Polymer), making MIP (Molecularly Imprinted Polymer), 

making templates, making MIP-based sensor bodies, the 

process of placing MIP on the sensor surface, and 

measurements using MIP sensors using the potentiometric 

method. 

The measurement stages using the potentiometric method 

include preparing a standard endosulfan solution with the 

lowest to highest concentration, concentration starting from 

0.1x10
-6

 ppm - 1.0x10
-6

 ppm and taking measurements for 

each solution on the first day. 

Next, carry out measurements until potential changes occur 
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(measurements on day 1, 45 days and 90 days), the length of 

potential stability is needed to see the life time of the sensor 

being made. 

The equipment used for potential measurements can be seen 

in Figure 2. 
 

Figure 2. Potential measurement equipment. 

 

3. Results and Discussions 

3.1. MIP Synthesis Optimum Condition 

 

3.2. Endosulfan MIP Sensor Lifetime 

The MIP sensors that have been made are then measured 

every day and reported in the range of 1, 45, 90 and 100 days, 

this is based on the linearity that changes on that day. Next, 

measurements were determined based on the measured 

linearity to describe the lifespan of the endosulfan MIP sensor. 

Measurements were carried out in the concentration range 

of the test solution, namely: 0.01x10
-6

 ppm – 1.0x10
-6

 ppm. 

Potential measurements were carried out for each 

concentration so that a relationship was obtained between the 

endosulfan concentration and the measured potential. The 

relationship between analyte concentrations can be shown by 

equation (6): 
ai = ϒi   . ci (6) 
under the condition: 

ai : analyte activity; 

ϒi : activity coefficient of analyte i; 

ci : concentration of analyte i. 

Under conditions where the concentration of the solution is 

dilute (lower than 10-6 ppm), the value of ϒi approaches 1 so 

that the use of activity can be replaced by concentration. Thus 

the cell potential can be determined using equations (7) and 

(8): 

Producing MIP involves sequentially mixing and stirring all 

ingredients. The initial mixture features a higher mole ratio of 

E = K ± 2,303 𝑅𝑇 
𝑧𝐹 

Log ai, (7) 

methacrylic acid compared to endosulfan, with the intention 

of forming an endosulfan template surrounded by methacrylic 

acid during the reaction. 

The polymerization process reaches completion when the 

transparent liquid, heated to 700°C, transforms into a clear 

acrylic solid resembling the color of methacrylic acid (MAA), 

adhering to the vial. The resulting MIP is then crushed to 

obtain a fine powder. Subsequently, washing is conducted to 

eliminate residual reactants from the polymerization process 

N =   
2,303 𝑅𝑇 

𝑧𝐹 

under the condition: 

E: cell potential; 

K: electrode constant; 

R: ideal gas constant = 8.34 J.mol-
1
K

-1
; 

T: temperature (K); 

ai: analyte activity; 

z: payload; 

(8) 

and remove the endosulfan template. 
The MIP production process is influenced by various factors, 

including the duration of the manufacturing process, the 

composition of MIP ingredients, and the mixing procedure. 

Analysis of optimal condition data in Table 1 indicates that the 

optimum time for MIP production is 150 minutes. Successful 

MIP production necessitates stable stirring, as instability can 

lead to loose molecular bonds and failure. The ingredient 

composition significantly impacts the success of MIP 

production. Research suggests that for successful MIP 

production, each ingredient should be increased threefold, 

except for endosulfan and BPO. Excessive moles of MAA and 

EDMA are added to form an endosulfan template surrounded 

by the material, while the amount of BPO in the initial 

composition remains unchanged, as it serves as an initiator or 

catalyst. 

Subsequently, the manufactured MIP sensor undergoes 

performance testing and validation by measuring its potential 

potentiometrically. Calibration curve measurements are 

conducted within a predetermined solution concentration 

range. 

F: number of moles of electrons (96,500 C/mol) 

N: slope 

±: the + sign is for cations and – for anions 

where, K is the electrode constant and z is the charge. 

 

The C value obtained from the equation is the concentration 

of the test solution. The concentration of the test solution is 

measured in the concentration range 0.01x10
-6

 ppm - 1.0x10
-6

 

ppm. Figure 3 and Figure 4 show graphs between the MIP 

potential of endosulfan against the logarithm of the target 

concentration on the 45th and 90th days. The relationship 

between the MIP potential of endosulfan and the logarithm of 

the target concentration on the 45
th

 day sensor can be seen in 

Figure 3. 
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Figure 3. Graph between the MIP potential of endosulfan and the 

logarithm of the target concentration on the 45th day of the sensor. 

 

In the concentration range 0.01x10
-6

 ppm - 0.20x10
-6

 ppm it 

has a slope of 0.0753, for the concentration range 0.30x10
-6

 

ppm - 0.60x10
-6

 ppm it is 0.1113, while in the concentration 

range 0.70x10
-6

 ppm - 1.00x10
-6

 ppm has a slope of 0.0615. 

This sensor is sensitive to a target concentration of 0.01x10
-6

 

ppm - 0.10x10
-6

 ppm. This result is supported by the linearity 

value which is still quite high, R2 > 0.99. The slope of the 

function E (slope) increases as the target concentration value 

increases, the error bar shows the deviation of each 

measurement. 

Next, repeat measurements were carried out using the same 

sensor on the 90th day. Figure 4 shows that up to the 90th day 

of measurements using the sensor there was still a 

measurement range with 3 slope values (N) obtained. 
 

Figure 4. Graph between the MIP potential of endosulfan against the 

logarithm of the target concentration on the 90th day of the sensor. 

 

In the concentration range 0.01x10
-6

 ppm - 0.20x10
-6

 ppm it 

has a slope of 0.0780, for the concentration range 0.30x10
-6

 

ppm - 0.60x10
-6

 ppm it is 0.1044, while in the concentration 

range 0.70x10
-6

 ppm - 1.00x10
-6

 ppm has a slope of 0.717. 

This sensor is sensitive to a target concentration of 0.01x10
-6

 

ppm - 0.10x10
-6

 ppm. On the 90th day, it can be seen that the 

linearity value begins to decrease, R2 > 0.97. 

3.3. Sensor Repeatability 

A good sensor has good repeatability or repeatability. The 

measurement data shows the repeatability of the sensor which 

is shown in Figure 5. 

Next, a repeat measurement was carried out on the sensor 

after 100 days from the first measurement using the same 

sensor. Figure 5 shows that in these measurements a 

measurement concentration range was obtained with 3 values 

of slope (N). 
 

Figure 5. Sensor Repeatability Graph 

 

Figure 5 shows that three graphs provide values that are 

close to the same, thus showing that the first, second, and third 

measurements. The first day had significantly identical 

measurement values with a range of R2> 94-99. Based on 

these three measurements, it can be said that the sensor has 

good repeatability with an R value above 99. 

3.4. Sensor Stability 

Determination of MIP sensor stability is based on the 

difference between the initial sensitivity value and the 

sensitivity at the last measurement time. If the difference is 

≤0.002 V/decade then the measurement is still stable. Stability 

is determined in units of days. 

To determine the stability of the sensor, measurements were 

carried out again after the first day of measurement, namely 

on the 45th day and the 90th day. Measurement data can be 

plotted in the graph shown in Figure 6. 
 

Figure 6. Endosulfan sensor stability graph. 

 

From Figure 6, the measurement graph for the 1st, 45th and 

90th days provides a measurement response that is close to 

indicating that this sensor has good stability. The MIP sensor 

was still stable until the 90th day, because the change in 

sensitivity obtained was ≤ 2 mV/decade in the concentration 

range 0.01x10
-6

 – 1.0x10
-6

 ppm. This shows that the sensor is 

sensitive and stable in the concentration range 0.01x10
-6

 - 

1.0x10
-6

 ppm. 
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3.5. Sensor Sensitivity 

The priority sensor validation experiment in the initial 

research phase is determining the sensitivity (Nernst Factor) 

of the sensor. In this case, the sensitivity of the sensor is 

determined based on the slope of the calibration curve (over 

the measurement concentration range) of the obtained 

standard endosulfan solution. Good sensor performance can 

be seen from the slope value of around 59.0 mV/decade or 

0.059 V/decade at a temperature of 25 
o
C. 

The concentration range of 0.01x10-6 – 0.2x10-6 ppm is 

the best range of the other two concentration ranges. The 

resulting sensitivity is 0.073 V/decade. The sensitivity value 

obtained has entered the ideal value, namely ≤ 0.059 V/decade. 

The results show that the cell potential response is not 

Nernstian but upper Nernstian. This is possible due to complex 

mechanisms and also involves the distribution of other species. 

3.5. Sensor Sensitivity 

The detection limit shows the lowest concentration of 

analyte ions that can still be responded to by the sensor as the 

lowest measurement limit. Based on research, the detection 

limit of the MIP endosulfan sensor with Aluminum-Carbon is 

0.01x10
-3

 ppm. The sensor is able to respond well to a 

minimum endosulfan concentration of 0.01x10
-6

 ppm. 

 

4. Conclusion 

From the results of the research that has been carried out it 

can be concluded that the optimal conditions for producing 

endosulfan MIP involve a composition of 6.02 mL of 

chloroform, 0.025 g of simazine, 0.9 mL of MAA, 1.57 mL of 

EGDMA, and 0.07 g of BPO, with a heating duration of 150 

minutes at a temperature of 70°C. Potentiometric testing of the 

sensor demonstrated that the endosulfan MIP sensor exhibits 

sensitivity and stability within the concentration range of 0.01- 

1.0x10-6 ppm, boasting a detection limit of 0.01x10-6 ppm. 

The endosulfan concentration range tested was 0.01-1.0x10-6 

ppm, and the sensor's life time extends to 90 days. 
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