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Abstract: Molecular imprinted polymer (MIP) was prepared by bulk polymerization using calcium 

carbonate (CaCO3) as the template molecule, methacrylic acid (MAA) as the functional monomer, and 

ethylene glycol dimethacrylate (EGDMA) as the cross-linker. For the polymer preparation, a ratio 

template to monomer used was 1:4. The synthesized MIP and non-imprinted polymer (NIP) were 

characterized using Fourier-Transform Infrared Spectroscopy (FTIR), Ultraviolet-Visible 

Spectrophotometer (UV-Vis), Thermogravimetric analysis (TGA), and Scanning Electron Microscope 

(SEM). The FTIR results showed a broad -OH stretching vibration peaks associated with a methacrylic 

acid carboxylic group (COOH) at 3500 cm-1 for both NIP and MIP, -CH stretching peak at 2953 cm-1 

for NIP and MIP, peaks due to the presence of methylene group in both MAA and EDMA. The carbonyl 

group C = O stretching peak was observed in both MIP and NIP at 1721 cm-1, and this might have 

originated from MAA and EDMA respectively in both MIP and NIP. In conclusion, the synthesized 

MIP can potentially be applied for in situ measurement and fast detection of carbonate ion in seawater 

samples. 
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1. Introduction 

Precise measurement of the ocean carbon dioxide system has become a high priority 

for scientists who have worked to understand how much of the carbon dioxide (CO2) created 

by human activities that ended up in the ocean, where it is distributed, and how it has changed 

the ocean chemistry [1-2]. The impact of anthropogenic CO2 into the ocean contributes to the 

fermentation of the ocean, and it was slowly recognized as the other CO2 problem that did not 

withstand an Earth-wide rise in temperature [3-5]. Total alkalinity (TA) is one of the common 

water quality variables that are important for both aquatic and aquaculture production 

ecosystems [6-7]. TA may be defined as the concentration of all alkaline substances, which 

may dissolve in water or be defined as the ability of water to neutralize acids, and it is one of 

the common water quality variables that are important for both aquatic and aquaculture 

production ecosystems. Substances such as carbonates, hydroxides, and bicarbonates are 

examples of the compounds that can occur in environmental water samples, and the 

predominant species are bicarbonate and carbonate [8-9]. Previously, for total alkalinity 

measurement, titration emerged as a powerful method to determine the carbonate ion in 

seawater. However, this technique is known to be a bit difficult to measure alkalinity arises 

from its low value and an unknown titration endpoint. Therefore, in order to reduce these 
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problems, many attempts have been made to find a suitable technique for measuring the total 

alkalinity, specifically carbonate ion. The main benefits of molecular imprinted polymer (MIP) 

are their high selectivity and affinity to the target molecule used in the imprinting process. 

Previously, titration for TA emerged as a powerful method to determine the carbonate 

ion in seawater. But this technique is known to be a bit difficult to measure alkalinity arises 

from its low value and an unknown titration endpoint [10]. To overcome this problem, the 

molecularly imprinted polymer (MIP) approach was used to determine the carbonate ion in 

seawater. MIP is a procedure in which the chosen functional monomer can be assembled 

around a template molecule [11-12]. Molecularly imprinted polymerization is one of the 

foremost helpful preparation methods for getting extremely selective compound materials 

known as MIPs [13-14]. MIP is a suitable technique because of high selectivity, less expensive, 

has higher affinity, and simple to prepare [15-17]. 

The main benefits of MIP are their highly selective and linked to the specific molecule 

used in the imprinting process [18]. MIP can create a polymer with specific identification that 

can be able to separate the target substance fast and efficiently, especially in comparison to 

other methods [19]. Nevertheless, MIP is synthetic polymeric materials that show specific 

molecular recognition sites generated during polymerization due to the presence of interesting 

molecular templates [20]. Moreover, it is also less expensive to synthesize, and the 

polymer’s storage life can sometimes be really high, keeping its recognition capacity at room 

temperature for several years [21]. Three separate methods, such as covalent, non-covalent, 

and semi-covalent, can be used to synthesis MIP. For this type of research, a non-covalent 

approach was used because the non-covalent approach is the most commonly used method for 

the preparation of MIPs [22-24].  

In this study, MIP was synthesized and characterized in order to be used as a sensor 

through the setup of the electrochemical techniques. To determine the carbonate ion, MIP needs 

to be synthesized using several compounds that fit the MIPs template. Besides, the 

characterization of the synthesized MIP and NIP were performed using Fourier-transform 

infrared spectroscopy, ultraviolet-visible spectrophotometer, thermogravimetric analysis, and 

scanning electron microscope. 

2. Materials and Methods 

 2.1. Chemicals and materials. 

Calcium carbonate (CaCO3), methacrylic acid (MAA), ethylene glycol dimethacrylate 

(EGDMA), and benzoyl peroxide (BPO) were purchased from Sigma-Aldrich, Singapore. All 

other chemicals and reagents are of the highest available purity. Chloroform, acetonitrile, and 

methanol (Sigma-Aldrich, Singapore) were used without further purification. All reagents were 

of analytical grade or better. 

2.2. Instrumentation. 

Planetary ball mill (Model Retsch PM100, Japan), water bath (Model Memmert 

W350T, Japan), Scanning Electron Microscope (SEM) (Model SEM-JEOL 6360LA, Japan), 

Fourier Transform Infrared Spectroscopy (FTIR) (Model IRTracer-100 Shimadzu, Japan), 

Ultraviolet-Visible (UV-Vis) (Model UV-Vis 1800 Shimadzu, Japan), Brunauer-Emmett-

Teller (BET) (Model ASAP2020 Micromeritics, Japan) were used in this research. 
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2.3. Preparation of MIP and NIP. 

The MIPs was prepared by a non-covalent approach. The molar ratio of template, 

functional monomer, and cross-linker is given in Table 1 for the synthesis of different MIPs 

and NIPs. The template was added to a conical flask containing 6.666 mL of acetonitrile. This 

was followed by the addition of monomer (methacrylic acid, MAA) 0.3937 ml, 4.3772 ml of 

cross-linker (ethylene glycol dimethacrylate, EGDMA), and 0.3711 g of the initiator (benzoyl 

peroxide) into the reaction flask. After that, the mixture was sonicated for 25 minutes and then 

was purged with nitrogen gas to remove oxygen for 10 minutes [25]. The reaction mixture was 

immersed in the water bath at 60 °C for 24 hours in order to complete the polymerization 

process. The produced polymer particles were crushed using mortar followed by grinding by 

using a planetary ball mill that was set up at 400 rpm for 25 minutes. The template was removed 

by washing the MIP successively in the mixture of methanol and acetic acid (9:1, v/v) using 

the soxhlet extraction method. Later, the obtained polymer particles were washed with 

methanol in order to remove the calcium carbonate from the polymer matrix. The MIP was 

finally dried at 45 °C for 24 hours in an oven. The same procedure was followed for the 

preparation of NIP without the use of a template molecule in the synthesis [26]. The preparation 

of the MIP and NIP is shown in Figure 1. 

 
Figure 1. Preparation of MIP and NIP powder. 

Table 1. Ratios of the template to the functional monomer to cross-linker used in MIP and NIP. 

Polymer Template Ratio Monomer Cross Linker 

MIP 1 4 20 

NIP - 4 20 
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2.4. Characterization of the synthesis of MIP and NIP. 

2.4.1. Scanning electron microscope (SEM). 

The characterization and surface morphologies of the particles were observed using a 

scanning electron microscope (SEM). The MIP and NIP powder was then put at the stub using 

double-sided tape. The magnification used were x1000, x3000, x7500 and x15000. The SEM-

EDS was used to determine the pore size and distribution of pore of the MIP, MIP with Soxhlet, 

and NIP.  

2.4.2. Fourier transform infrared spectroscopy (FTIR). 

The Fourier Transform Infrared (FTIR) spectra of the polymers were accomplished in 

the wavelength range 4000-400 cm-1. The results of the FTIR results indicate the type of 

vibrations and compound contains on each of the samples (MIP and NIP). 

2.4.3. Thermogravimetric analysis (TGA). 

TGA analysis was performed using a Mettler Toledo TGA/DSC 1 model (Mettler 

Toledo, Greifensee, Singapore) controlled by STARe software version 12.10. TGA was used 

to characterize the decomposition and thermal stability of studied material.  About 7–10 mg of 

MIP and NIP samples were placed in an alumina crucible and heated from 35 to 1000 °C at a 

scan rate of 10 °C min−1. The flow rate of nitrogen used is 20 ml/min. The thermogravimetric 

analyzer measures weight changes in materials with regards to temperature. From this thermal 

analysis, the chemical composition and thermal property of the materials can be predicted [27]. 

2.5. Binding studies of the synthesized MIPs and NIPs. 

25.0 mg of the MIPs polymers particle was equilibrated with the standard stock 

solutions at various concentrations (from 2 ppm to 10 ppm). The mixture was incubated under 

agitation for 24 hours at room temperature and then centrifuged (4000 rpm) for 5 minutes. 

Aliquots of the supernatant were collected and measured by UV spectrophotometer at 278 nm. 

3. Results and Discussion 

3.1. Scanning electron microscope (SEM). 

MIP and NIP were physically characterized using Scanning Electron Microscope 

(SEM). SEM was used to study the morphological characterization (shape and size) of the 

imprinted polymers. Polymers without templates commonly showed a relatively smooth 

surface while certain cavities existed in the resulting MIP. The significant difference between 

NIP and its relative MIP was possibly due to the presence of the imprinting polymer.  After the 

removal of the template, the MIP surface was cleaner and smoother than before the removal of 

the template. However, the MIP had highly rough surfaces and larger particle sizes, indicating 

the formation of the imprinted coating layer and the successful preparation of the MIP [28]. 

The roughness of MIP particles can lead to a high surface area than NIP; thus, it can adsorb 

analyte of interest much better than NIP. Figure 2 shows the surface morphological of the MIPs 

and NIPs under 1000x and 3000x magnification. 
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Figure 2. SEM images of (a) MIP before removal of template (b) NIP (c) MIP after removal of the template. 

The MIP obtained using the washing process showed the distribution of the broadest 

pore size with the highest number of pores. It is expected that the capability of this MIP to 

capture the target molecules is highest compared to those prepared without washing. By 

referring to Table 2, using SEM-EDS, it can be seen that the percentage of calcium in MIPs 

before Soxhlet extraction was much higher compared to those after washing out the MIPs 

template. It shows that the Soxhlet extraction method works effectively in washing out the 

template from the polymer [29]. 

Table 2. Represent the percentage composition of MIPs before and after Soxhlet Extraction. 

Extraction Composition Percentage (%) 

Before Soxhlet 

Carbon 80.21 

Oxygen 5.64 

Calcium 14.14 

After Soxhlet 

Carbon 81.47 

Oxygen 5.29 

Calcium 3.69 

3.2. Fourier transform infrared spectroscopy. 

The methacrylic acid (MAA) used as a monomer has a carboxylic acid group with a 

dominant C=O bond and distinctive absorption at a wavelength of 1800–1500 cm-1, while the 

C=O bond was formed at 1725 cm-1. In addition, the similarity between the bonds O-H and C-

H at a wavelength of 2940 cm-1 and there were two peaks observed for bond O-C at a 

wavelength of 1157 cm-1 and 1161 cm-1 indicated that the polymer is included in the carboxylic 

acid group. Furthermore, the presence of calcium carbonate as a template in which the 

distinctive group of the carboxylic acid is the C=O stretching at a wavelength of                        

1800–1600 cm-1, that binds to MAA, which was indicated by the bond C=O, O-H at a 

wavelength of  3600-3200 cm-1. Figure 3 shows the spectra of MIP and NIP obtained using 

FTIR. 

 
Figure 3. FTIR spectra of the MIPs and NIPs. 
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3.3. Thermogravimetric analysis. 

The TGA plots of MIP and NIP are shown in Figure 4. The two polymers lose about 

6% at 25°C to 85°C, and the main loss component is water. The polymer decomposes rapidly 

from 250°C to 320°C, and the NIPs decompose rapidly at 255°C to 320°C, remain stable up to 

500°C and the weight loss is 97.3%. The MIPs decompose at 247°C to 354°C, then show 

stability from 380°C to 500°C and the weight loss is 94.65%. The difference may be due to the 

interaction of template molecules and functional monomers in MIPs, affecting the weight loss 

characteristics of polymers.  

 

 
Figure 4. TGA curves of (a) NIP and (b) MIP. 

3.4. Ultraviolet-visible spectroscopy. 

Ultraviolet-visible spectroscopy (UV-Vis) was used for binding studies of this MIP for 

carbonate ion determination in seawater. The purpose of these binding studies is to find out the 

optimum concentration of the carbonate ion used. Standard solution of 1 ppm, 3 ppm, 5 ppm, 

7 ppm, and 10 ppm were prepared from 100 ppm of stock solution. UV-Vis showed that the 

range of concentration is suitable for carbonate ion determination in the seawater. 

4. Conclusions 

 In this study, molecular imprinted polymer (MIP) and non-imprinted polymer (NIP) 

were successfully synthesized using methacrylic acid as a monomer, acetonitrile as a porogen 

solvent, and EGDMA as a cross-linker with a ratio 1:4:20. Both MIP and NIP were synthesized 

using the bulk polymerization method. The results showed that the MIP has a surface relatively 

rougher compared to the NIP. MIP characterization using a scanning electron microscope 
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(SEM) indicated that the pore distribution in the MIP after washing was more than MIP before 

washing, demonstrating that the template removal process was effective. The result of 

characterization using Fourier Transformed Infrared (FTIR) showed that the spectra of the MIP 

peak of the carboxylic group were derived from methacrylic acid. UV-Vis absorbance showed 

that the optimum concentration was in the range of 3 ppm to 10 ppm. The resulting data showed 

that the MIP is generally suitable for the determination of carbonate ion in seawater because of 

its higher selectivity towards the selected compound. 
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