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Abstract 

Molecularly imprinted polymer (MIP) is used to synthesize receptors and is highly recognized against target molecules. The 

purpose of the study is to prepare bisphenol A (BPA) imprinted polymer that can be used to adsorb BPA molecules. The MIP was 

prepared by precipitation polymerization using BPA as a template, methacrylic acid (MAA) as a functional monomer, ethylene 

glycol dimethacrylate (EGDMA) as a crosslinker, acetonitrile as a solvent, and 1,1'-azobis(cyclohexanecarbonitrile) (AIBN) as an 

initiator by heating in an oil bath at 60 °C for 20 hours. The influence of several parameters (i.e., the ratio of monomer-template, 

the amount of crosslinker, and the amount of solvent) on the recognition capability of BPA MIP was investigated using response 

surface methodology (RSM). The optimal conditions of BPA synthesis are 3 mmol of monomer, 30 mmol of crosslinker, and 35 

mL of solvent, which achieved an adsorption capacity of 78.111 mg/g. The MIP and non-imprinted polymer (NIP) were 

characterized using Fourier transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM). The MIP shows 

higher selectivity towards BPA compared to other analogs. In conclusion, the particles of imprinted polymer have a great potential 

in the adsorption of BPA. 
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Abstrak 

Polimer molekul tercetak (MIP) digunakan untuk mensintesis reseptor dan mempunyai pengecaman yang sangat tinggi terhadap 

molekul sasaran. Tujuan kajian ini adalah untuk menyediakan polimer yang dicetak bisfenol A (BPA) yang boleh digunakan untuk 

menentukan keupayaan penjerapan terhadap molekul BPA. MIP disediakan dengan pempolimeran pemendakan menggunakan 

BPA sebagai templat, asid metakrilik (MAA) sebagai monomer berfungsi, etilena glikol dimetakrilat (EGDMA) sebagai agen 

penyilangan, asetonitril sebagai pelarut, dan 1,1 azobis (sikloheksanakarbonitril) (AIBN) sebagai pemula. Pempolimeran 

pemendakan dilakukan dengan pemanasan dalam rendaman minyak pada 60 °C selama 20 jam. Pengaruh parameter berikut telah 

disiasat (nisbah monomer-templat, jumlah agen penyilangan, dan jumlah pelarut yang digunakan). Kaedah matematik iaitu kaedah 

tindak balas permukaan (RSM) mengoptimumkan parameter ini untuk meningkatkan keupayaan pengesanan BPA MIP. Hasil yang 

diperoleh daripada RSM menunjukkan keadaan optimum 3 mmol jumlah monomer, 30 mmol jumlah agen penyilangan, dan 35 

noorh
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mL jumlah pelarut yang digunakan dengan kapasiti penjerapan sebanyak 78.111 mg/g. MIP juga mempunyai pemilihan yang lebih 

tinggi terhadap BPA berbanding dengan analog lain. Kesimpulannya, zarah polimer tercetak menunjukkan potensi yang baik 

terhadap penjerapan cecair BPA. 

 

Kata kunci:  polimer bisfenol tercetak, kaedah tindak balas permukaan, pencirian polimer tercetak 

 

 

Introduction 

The chemical name for bisphenol A (BPA) is 2,2-bis(4-

hydroxyphenyl)propane [1]. Since the 1940s and 1950s, 

BPA has been used in the plastic industry. BPA can be 

classified as an endocrine-disrupting chemical 

commonly used to manufacture polycarbonate plastics, 

polysulfones, and epoxy resins. BPA leaches easily from 

polycarbonate food and drink containers, can interfere 

with hormone systems, and has an adverse effect on the 

environment [2]. Furthermore, BPA can cause various 

health issues, including breast cancer, obesity, and 

fertility problems in men and women [3]. 

 

Three types of processes that can remove BPA from 

water or wastewater are microbiological, chemical, and 

physical processes [4]. A microbiological process uses 

bacteria for the removal of endocrine-disrupting 

compounds [5]. Meanwhile, advanced oxidation process 

is a chemical process that uses ozone and UV radiation. 

Reverse osmosis, nanofiltration, and adsorption are 

examples of physical processes [4]. Molecular 

imprinting technique has been proposed to remove BPA 

in an aqueous solution due to its reusability and low cost. 

 

Molecularly imprinted polymer (MIP) can identify any 

target molecule specifically, and it is a type of synthetic 

polymer. The mixture of template molecules, functional 

monomers, crosslink monomers, and initiators is 

polymerized to obtain the imprinted polymer. During 

polymerization, the complexes are heated, forming a 

rigid polymer structure consisting of template 

molecules, functional monomers, and crosslinkers. A 

high degree of cross-linking maintains the polymer 

matrix's form after removing the template molecule 

from the polymer matrix [6,7]. The non-imprinted 

polymer (NIP) that is commonly synthesized with MIP 

will act as a control so that the selectivity of the MIP can 

be analyzed by comparing it with the binding capacity 

data of NIP. The NIP preparation will follow all the 

polymerization processes of MIP, except that the 

template molecule is absent during polymerization. 

 

Bulk polymerization is a conventional method widely 

used to synthesize MIP. However, this method suffers 

from the irregular shape of polymer and non-uniform 

particle size distribution due to the crushing processes. 

Therefore, the resultant polymers need to be sieved to 

obtain the desired particle size. The sieving process is 

time-consuming, and crushing can destruct the cavity of 

the template, thus affecting the polymer's performance. 

Therefore, precipitation polymerization has been 

proposed to overcome the disadvantages of bulk 

polymerization. MIP synthesis using precipitation 

polymerization employs a similar method as bulk 

polymerization. However, the amount of porogen used 

is higher than bulk polymerization. This method can 

produce polymer particles without the crushing process, 

free from additional surfactants or stabilizers. The 

amount of porogen, crosslinker, template, and monomer 

is significant to obtain a highly sensitive and selective 

polymer [8]. 

 

Design-Expert version 11 has been used to evaluate 

experimental responses using response surface 

methodology (RSM) by carrying out experiments and 

numerical modeling. It is a faster and cheaper way of 

collecting research findings than the classical one-

factor-at-a-time (OFAT) method or full-factorial 

experiments. RSM also provides a model equation for 

the response parameter and optimizes process variables 

[9]. Several factors will affect the characteristics of the 

imprinted polymers. One of the factors is the amount of 

porogenic solvent used, which will affect the monomer-

template interactions [10]. In addition, different ratios of 

template molecule to functional monomer will affect the 

complexity of the template [11]. Lastly, the amount of 

crosslinkers used will affect the stability of the 

recognition sites [10]. All of these factors are very 
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important during the preparation of imprinted polymer 

particles. However, not much study has been done to 

optimize these important parameters. Throughout this 

research, the interaction of the parameters and their 

effects on the binding capacity were studied. The 

parameters of the polymerization process (i.e., the 

amount of monomer, crosslinker, and porogenic 

solvent) were chosen and optimized using RSM coupled 

with central composite design (CCD) to produce MIPs 

with optimum recognition to adsorb BPA molecules. 

This preliminary study will create a paradigm for future 

studies in the development of receptors in 

supramolecular chemistry. 

 

Materials and Methods 

Raw materials 

Bisphenol A (BPA), methacrylic acid (MAA), 

acetonitrile, ethylene glycol dimethacrylate (EGDMA), 

acetic acid, diphenylamine, diphenyl phosphate, 

hydroquinone, and diethylstilbestrol were purchased 

from Sigma-Aldrich, whereas 1,1'-azobis 

(cyclohexanecarbonitrile) (AIBN) was acquired from 

Acros Organics.  

 

Preparation of MIP and NIP 

The preparation of BPA for MIP was conducted under 

different conditions. One mmol BPA (template) and 

MAA (functional monomer), acetonitrile, EGDMA 

(crosslinker), and 50 mg AIBN (initiator) were added to 

a bottle. Next, the mixture was purged for 10 min with a 

gentle nitrogen flow [12]. The bottle was closed 

immediately. Then, the mixture was sonicated for 15 

min. The solution was polymerized in a 60 °C oil bath 

for 20 h. After that, the polymer particles were washed 

with methanol to remove unreacted reagents. Then, the 

template molecule was repeatedly extracted after 

polymerization using a methanol-acetic acid solution 

(9:1 v/v) until the ultraviolet-visible (UV-Vis) 

spectrophotometer did not detect BPA from the washing 

solvent at 278 nm [13]. Next, the extracted particles 

were washed repeatedly with methanol to remove 

residual acetic acid. This washing step was done by 

shaking the particles at 130 rpm for 2 h. Lastly, the MIP 

was dried in an oven at 50 °C for 24 h [13]. As a control, 

the NIP was synthesized and treated in the same way, 

except that the template molecule was absent in the 

polymerization stage. 

 

Preparation of MIP and NIP for BPA Adsorption 

Approximately 10 mg of the MIP or NIP was placed in 

a centrifuge tube and 25 mL of an 80 mg/L BPA 

solution. The mixed solution was shaken at 150 rpm for 

2 h at constant temperature in a centrifuge tube. Then, 

the solution was separated centrifugally at 4,000 rpm for 

10 min. After centrifuging, the supernatant solution was 

decanted and filtered using a 0.20 µm syringe filter. UV-

Vis spectrophotometers were used to measure the 

solution concentration changes with BPA at 278 nm 

[14]. All testing was conducted in triplicate, and the 

average data values were used to ensure the accuracy of 

the data collected. The adsorption capacity of BPA (Q) 

was calculated using Equation 1 [15]: 

 

Adsorption Capacity, Q =
(Ci−Cf) V

m
                           (1) 

 

where Ci is initial solution concentration (mg/L), Cf is 

final solution concentration (mg/L), V is volume of the 

solution (mL) and m is mass of dried polymer (mg). 

 

Optimization of the preparation conditions of MIP 

for BPA removal 

The experimental design was conducted with the help of 

RSM in Design-Expert version 11 to optimize the 

adsorption capacity. A CCD was utilized to study the 

response pattern and determine the optimum 

combination of variables. A CCD-based RSM was used 

to optimize the parameters selected for BPA removal, 

which were different ratios of monomer-template, 

amount of crosslinker, and amount of solvent. The 

design was used to investigate the combined effect of 

three independent parameters, and 20 sets of 

experiments were carried out. The range to optimize the 

three parameters is shown in Table 1. 

 

Characterization of MIP and NIP 

The surface morphology of MIP and NIP was analyzed 

using SEM. Before measuring in SEM, the sample was 

first mounted on aluminum stubs using double-sided 

adhesive tape and sputtered with a thin platinum film. 

The functional groups of MAA were characterized using 

attenuated total reflectance-Fourier transform infrared 
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(ATR-FTIR) spectroscopy, while the MIP, NIP, and 

BPA were characterized using FTIR spectroscopy. A 

potassium bromide (KBr) pellet is usually used for the 

analysis of a powdered sample. In this study, KBr pellet 

samples were scanned in the wavenumber range of 

4000–400 cm-1 with a resolution of 4 cm-1 [16]. The 

FTIR spectrum was recorded and analyzed. 

 

Selectivity Experiment on BPA 

In order to prove the specific selectivity of the optimized 

MIP and NIP to BPA, hydroquinone, diethylstilbestrol, 

diphenylamine, and diphenyl phosphate were chosen as 

analogs. Firstly, the standard calibration curve for each 

analog was prepared with the concentration of 20, 40, 

60, 80, and 100 mg/L. The MIP and NIP (10 mg) were 

first dispersed respectively in a mixture solution 

containing BPA or other different analogs (80 mg/L, 25 

mL) and shaken at 25 °C and 150 rpm for 2 h. After 

adsorption, the mixture solution was separated by 

centrifuge at 4,000 rpm for 10 min, and the supernatant 

was decanted and filtered using a 0.20 m syringe filter. 

The supernatant was measured by a UV spectrometer 

with each of the specific wavelengths. The average 

values of the data were determined. The adsorbed 

amount of BPA or other analogs was calculated 

according to Equation 1. Meanwhile, the imprinting 

factor (αana) and selectivity factor () of MIP and NIP 

were calculated using Equation 2 and 3, respectively: 

 

Imprinting Factor (αana)  =
QMIP 

QNIP 
                               (2) 

 

Selectivity Factor (β) =
αtem

αana
                                     (3) 

 

where QMIP and QNIP are the adsorption capacity of the 

template or analog molecule on MIP and NIP, 

respectively, and αtem and αana are the imprinting factor 

for the template molecule and analog, respectively [15].  

 

Table 1.  Experimental range and levels of the chosen parameters 

Parameters Code Range and Levels 

-1 0 1 

Amount of monomer, MAA (mmol) A 2 3 4 

Amount of crosslinker, EDGMA (mmol) B 20 30 40 

Amount of solvent, acetonitrile (mL) C 20 35 50 

 

 

 

Results and Discussion 

Design of response surface methodology for 

optimum polymerization parameters  

Table 2 shows the sequential model sum of squares for 

BPA adsorption capacity. The models available are 

linear, 2FI, quadratic, and cubic. The greater F-value 

and the lower p-value suggest that the model is highly 

significant and shown to be good [17]. In this case, the 

recommended source is quadratic vs 2FI with the sum of 

squares of 5,233.23 and an F-value of 56.40. However, 

the model is also significant because the p-value is 

smaller than 0.0001. 

 

 

Analysis of variance for the quadratic model 

Table 3 shows an analysis of variance (ANOVA) for the 

response surface quadratic model. The model is 

significant, as the F-value is 33.22 and the p-value is 

smaller than 0.0001. This implies that the chance of the 

model F-value occurring due to noise is negligible [18]. 

In this case, the linear coefficients (A, C), interaction 

coefficients (AB, AC, BC), and quadratic coefficients 

(A2, B2, C2) are significant. Furthermore, p-values of 

less than 0.05 strongly support their significant 

contribution to adsorption capacity [19]. In contrast, the 

amount of crosslinker does not significantly affect 

adsorption capacity as it has a low F-value of 1.05 and a 

high p-value of 0.3291. 

This paragraph is a continuation of the other side paragraph. Supposedly this paragraph should be below the table

This paragraph is not a continuation of the above paragraph, this is a new section. Supposedly this paragraph should be at the right side column above table 1
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In addition, the coefficient of determination (R2) value 

is close to unity (i.e., 0.9676). According to Zhou [20], 

in order to verify the favorable consistency between 

actual data and theoretical prediction, the R2 value 

should be at least 0.800. From Table 3, the adjusted R2 

value is 0.9385. Therefore, it is confirmed that the model 

is very significant, indicating a good agreement between 

the experimental and predicted values. Owolabi and co-

workers stated that the adjusted R2 and predicted R2 

values must be in good agreement within 20% [9]. In 

this study, this requirement is met with a predicted R2 

value of 0.7452. These values represent good adsorption 

capacity of MIP towards BPA. The adequate precision 

ratio of 15.6517 indicates a suitable signal-to-noise 

ratio. The ratio was greater than 4; thus, the quadratic 

model could navigate the design space and find the 

optimal conditions for adsorption capacity [18]. 

 

The application of RSM yields the quadratic regression 

equation as indicated in Equation 4, representing an 

empirical relationship between adsorption capacity and 

process variables in coded values, where A is the amount 

of monomer, b is the amount of crosslinker, and C is the 

amount of solvent. A positive symbol in the equation 

denotes a synergistic effect, whereas a negative symbol 

represents an antagonistic effect [21]. 

 

 

Table 2.  A sequential model sum of squares for BPA adsorption capacity 

Source Sum of Squares df Mean Square F-value p-value  

Mean vs Total 63,694.01 1 63,694.01    

Linear vs Mean 2,790.02 3 930.01 2.20 0.1279  

2FI vs Linear 1,224.26 3 408.09 0.9572 0.4420  

Quadratic vs 2FI 5,233.23 3 1,744.41 56.40 < 0.0001 Suggested 

Cubic vs Quadratic 283.41 4 70.85 16.42 0.0022 Aliased 

Residual 25.89 6 4.31    

Total 73,250.82 20 3,662.54    

 

Table 3.  Analysis of variance for the response surface quadratic model 

Source Sum of Squares df Mean Square F- value p-value 

Model 9,247.52 9 1,027.50 33.22 < 0.0001 

A-Amount of monomer 1131.95 1 1,131.95 36.60 0.0001 

B-Amount of crosslinker 32.55 1 32.55 1.05 0.3291 

C-Amount of solvent 1,625.52 1 1,625.52 52.55 < 0.0001 

AB 220.53 1 220.53 7.13 0.0235 

AC 407.31 1 407.31 13.17 0.0046 

BC 596.42 1 596.42 19.28 0.0014 

A² 174.20 1 174.20 5.63 0.0391 

B² 540.81 1 540.81 17.48 0.0019 

C² 666.02 1 666.02 21.53 0.0009 

Residual 309.30 10 30.93   

  Std. dev. = 5.56, C.V. % = 9.85 

  R2 = 0.9676, Adj. R2 = 0.9385,  

  Predicted R2 = 0.7452, Adeq Precision = 15.6517 
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Adsorption Capacity = 75.21 + 10.64A − 1.80B + 12.75C + 5.25AB +      

                                              7.14AC − 8.63BC − 7.96A2 − 14.02B2 − 15.56C2                                                                 (4) 

 

 

Diagnostic study 

The validity of the derived equation is discussed in a 

series of graphical diagnoses. Figure 1(a) shows that the 

data points are scattered along the straight line of a 

typical residual graph, indicating that the data points 

form a normal distribution [21].  Another confirmation 

is  the residual plot  versus the predicted response 

(Figure 1(b)), where the random pattern in the residual 

plot versus the predicted response indicates that the 

model is satisfactory and also does not interfere with the 

independence or constant variance assumption [18]. On 

the other hand, it has been inferred that from the 

externally studentized residual plot versus the run 

number in Figure 1(c), not all data points deviate far 

from the values predicted [22]. The data points in the 

predicted versus actual plot in Figure 1(d) are scattered 

along a straight line, indicating that the experimental and 

predicted response values are correctly associated [23]. 

As a result, the derived quadratic response model 

(Equation 4) is verified to be a reliable model 

representing adsorption capacity. 

 

Analysis of response surface 

The purpose of this analysis is to optimize the 

parameters for BPA adsorption capacity during 

polymerization. Therefore, this section analyzes the 

relationship of the three parameters (i.e., the amount of 

monomer, crosslinker, and solvent) and their respective 

optimal condition range. There are 20 runs of 

experiments with different operating conditions. Table 4 

shows the experimental design matrix with coded 

factors. A three-dimensional response surface was 

produced to determine the relationship between the 

variables and the optimal state of each factor for 

maximum adsorption capacity. Figure 2(a) presents the 

effect of the amount of monomer and crosslinker on the 

adsorption capacity of MIPs. It can be seen that there is 

higher adsorption capacity when the amount of 

monomer and crosslinker is 3 mmol and 30 mmol, 

respectively. However, when the amount of monomer 

and crosslinker exceeded these values, it is still in an 

optimal condition, but the adsorption capacity 

decreased. The decreasing adsorption capacity is due to 

the excess amount of monomer, which leads to the 

creation of non-selective binding sites. In contrast, an 

extremely high crosslinker amount reduces the number 

of recognition sites per MIPs unit mass [24]. Therefore, 

only the appropriate amount of monomer and 

crosslinker could lead to the maximum adsorption 

capacity.  

 

Figure 2 (b) represents the effect of monomer and 

solvent amount on the adsorption capacity of MIPs. The 

adsorption capacity increased as the amount of 

monomer and solvent increased. An increased amount 

of monomer will give a strong interaction between the 

functional monomer and the template [9]. The additional 

amount of solvent favors the formation of polar 

interaction between the monomer and the template [15]. 

However, it can be seen that the adsorption capacity 

decreased as the amount of monomer and solvent 

reduced to below 3 mmol and 35 mL, respectively. It 

could be explained that the small amount of MAA could 

not mix sufficiently with BPA molecules, thus 

minimizing specific recognition sites. In contrast, less 

solvent can cause the polymer to precipitate early [12, 

15]. Thus, the maximum adsorption efficiency could 

only be achieved through the appropriate amount of 

monomer and solvent. 

 

Figure 2(c) shows the effect of the amount of crosslinker 

and solvent on the adsorption capacity of MIPs. From 

the figure, the maximum adsorption capacity could be 

achieved when the crosslinker amount is 30 mmol and 

the solvent amount is 35 mL. However, when the 

amount of crosslinker and solvent is less than 30 mmol 

and 35 mL, respectively, it is still in optimum condition, 

but the adsorption capacity decreased. The reduction is 

because a low crosslinker amount reduces structural 

stability, whereas less solvent can lead to early polymer 

precipitation [12, 13]. Nevertheless, the maximum 

adsorption capacity could be reached only by the 

appropriate amount of crosslinker and solvent. In 

conclusion, this model predicted that the amount of 

Is it possible to put figure 1 after this paragraph? 

Is it possible to put Table 4 near this paragraph?
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monomer, crosslinker, and solvent of 3 mmol, 30 mmol, 

and 35 mL, respectively, as the optimum conditions to 

achieve the best response of adsorption capacity towards 

BPA, which was 78.111 mg/g.  

 

FTIR analysis 

In order to characterize the MIP and NIP, the functional 

groups of BPAs, MAA, MIP, and NIP were analyzed. 

The FTIR spectra of these four samples are shown in 

Figure 3 and Table 5. From the observation, BPA has a 

broad peak at 3325 cm-1, representing O-H stretching. 

Meanwhile, the peak at 2966 cm-1 shows sp3 C-H 

stretching and the peak at 823 cm-1 indicates benzene 

derivative. Next, the stretching frequency of C=O for 

MIP and NIP at 1726 cm-1 is due to the presence of a 

poly(EGDMA) backbone. In MAA, the spectrum band 

at 1694 cm-1 refers to C=O conjugated carbonyl 

stretching [25]. This band overlaps with the C=O of 

EGDMA around 1726 cm-1 due to the disappearance of 

the alkene group in MAA after polymerization. The 

similarity between these MIP and NIP spectra shows 

that these polymers have a similar backbone. The FTIR 

spectra of NIP and MIP indicate that the template 

molecules have been successfully removed from the 

MIP, whereby no significant peak of BPA is present 

[26]. Moreover, the band for MIP and NIP at 1156 cm-1 

shows strong C-O-C ester stretching. This band 

indicates EGDMA and MAA copolymerization due to 

EGDMA characteristics in the FTIR spectrum [27]. The 

C=O stretch, C-O stretch, and C-O-C stretch at 1726 cm-

1, 1257 cm-1, and 1156 cm-1, respectively, demonstrate 

that MIP has been successfully synthesized. 

 

SEM analysis 

The changes in the surface morphology of the MIP after 

the extraction of template and NIP were analyzed using 

SEM. Figure 4 displays the surface morphology of MIP 

and NIP at 5,000× and 500× magnification. Both 

polymers show a relatively rough and porous surface. 

Acetonitrile that functions as a porogen during 

polymerization contributes to the macroporous structure 

on the surface of imprinted polymers. Thus, this 

explains the adsorption behavior of NIP [7]. The size of 

the polymer particles was recorded between the range of 

11 µm and 65 µm.  

 

Selectivity studies on BPA 

BPA and other four similar structures (diphenylamine, 

hydroquinone, diphenyl phosphate, and 

diethylstilbestrol) were selected as analogs for 

selectivity studies. From Table 6, MIP exhibits a higher 

binding affinity for BPA than other analogs in 

adsorption capacity due to the selective recognition sites 

in the MIP [28]. The higher adsorption capacity 

indicates that the polymer is specifically selective 

towards BPA and not the other four analogs. Besides, 

the imprinting factor represents MIP's special 

recognition, and a high value means that the MIP has a 

greater recognition and stronger imprinting effect [29]. 

Table 6 shows that BPA has a high imprinting factor 

value compared to other analogs. 

 

Moreover, if the selectivity factor value is higher, the 

MIPs have greater template selectivity and distinguish 

the template from the analogs more efficiently [29]. For 

example, diphenylamine has the highest selectivity 

factor due to a more specific site and can distinguish 

BPA from other analogs compared to NIP. Thus, MIP 

has higher selectivity towards BPA compared to other 

analogs. 

 

 

 

 

 

 

 

Is it possible to put Figure 2 to after this paragraph?
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Figure 1.  Collective graphical diagnostics for equation 4 

 

 

Table 4.  Experimental design matrix with coded factors of CCD and response 

 

 Factor 1 Factor 2 Factor 3 Response 1 

Run A: Monomer: Template 

Ratio 

B: Amount of 

Crosslinker 

C: Amount of 

Solvent 

Adsorption 

Capacity 

 (mmol) (mmol) (mL) (mg/g) 

1 3 30 35 77.115 

2 3 30 35 75.334 

3 4 20 20 14.423 

4 4 20 50 77.885 

5 2 20 50 47.000 

6 3 20 35 64.423 

7 3 30 50 64.222 

8 2 40 20 18.655 

9 4 30 35 70.889 

10 3 30 35 72.556 

11 3 30 35 73.111 

12 2 30 35 62.885 

noorh
Sticky Note
This figure is not clear, Can I give a new figure that is more clearer
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Table 4 (cont’d).  Experimental design matrix with coded factors of CCD and response 

 

 

 

Figure 2.   Response surface plots of the interactive effect between (a) the amount of monomer and crosslinker on 

adsorption capacity, (b) the amount of monomer and solvent on adsorption capacity, and (c) the amount 

of crosslinker and solvent on adsorption capacity.

 Factor 1 Factor 2 Factor 3 Response 1 

Run A: Monomer: Template 

Ratio 

B: Amount of 

Crosslinker 

C: Amount of 

Solvent 

Adsorption 

Capacity 

 (mmol) (mmol) (mL) (mg/g) 

13 2 40 50 19.038 

14 3 40 35 57.222 

15 2 20 20 17.115 

16 3 30 20 54.345 

17 3 30 35 78.111 

18 3 30 35 76.445 

19 4 40 50 65.889 

20 4 40 20 42.000 

noorh
Sticky Note
Figure is not clear. Is it possible if I attach new figure as the axis of the graph is not clear
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Figure 3.  FTIR spectra of BPA, MAA, MIP, and NIP 

 

Table 5.  Wavenumber and type of band for MIP/NIP, BPA, and MAA 

Type of Material Wavenumber (cm-1) Type of Band 

MIP/NIP 1726 C=O stretch 

 1257, 1258 C-O stretch 

 1156 C-O-C stretch 

BPA 3325 O-H stretch 

 823 Sp2 C-H band 

 2966 Sp3 C-H stretch 

MAA 1694 C=O conjugated carbonyl stretching 

 1200 C-O stretch 
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Figure 4.  Scanning electron microscopy of MIP 

 

Table 6.  The binding capacity, imprinting factor, and selectivity factor of the optimized MIP and NIP 

Compound Binding Capacity (mg/g) Imprinting 

Factor () 

Selectivity 

Factor () MIP NIP 

BPA 78.111 38.945 2.006 - 

Diphenylamine 29.869 28.882 1.034 1.940 

Hydroquinone 19.137 18.244 1.049 1.912 

Diphenyl Phosphate 57.400 47.400 1.211 1.656 

Diethylstilbestrol 40.156 38.5938 1.041 1.928 

 

 

Conclusion 

This study focuses on optimizing the synthesis of BPA 

imprinted polymer via precipitation polymerization for 

BPA removal. RSM coupled with CCD was used to 

evaluate the optimum parameters during polymerization 

(i.e., different ratios of monomer-template, amount of 

crosslinker, and amount of solvent used) in terms of 

adsorption efficiency towards BPA molecules. From the 

results, the optimum values are 3 mmol of monomer, 30 

mmol of crosslinker, and 35 mL of solvent, which 

achieved the adsorption capacity of 78.111 mg/g. The 

synthesized BPA imprinted polymer and NIP 

characteristics were determined by FTIR and SEM 

analysis. The FTIR analysis indicates no difference 

between the MIP and NIP spectra because the template 

molecule has been successfully removed from the MIP. 

The presence of C=O stretch, C-O stretch, and C-O-C 

stretch indicates that the MIP has been successfully 
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synthesized. Based on SEM results, the MIP has a rough 

and porous surface due to template removal. The MIP 

also has higher selectivity towards BPA compared to 

other analogs. This preliminary work reported a 

satisfactory result of binding capacity and selectivity, 

highlighting the potential application of BPA imprinted 

polymer in separation and wastewater treatment. The 

model developed using RSM coupled with CCD has 

improved the development of an efficient adsorbent, 

thus providing a framework for further analysis. 
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