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ABSTRACT  

 

This study investigates the influence of the complex structure formed between the template ion 

and the ligand on the adsorption efficiency of metal ions by Ionic Imprinted Polymer (IIP). The 

IIP was synthesized with ion-template/ligand stoichiometric ratios of 1:1, 1:2, 1:3, 1:4, and 1:5 via 

precipitation polymerization. Materials used in synthesis are Fe(NO₃)₃ as the template ion, EDTA 

as the ligand, MAA as the functional monomer, EGDMA as the cross-linker, and BPO as the 

initiator. Adsorption experiments confirmed that the IIP prepared with a 1:1 Fe(III)/EDTA ratio 

exhibited the highest maximum adsorption capacity of 5.18 mg/g, outperforming other 

stoichiometric compositions. Characterization of the IIP(1:1) using FTIR confirmed the presence 

of functional groups corresponding to Fe-EDTA interactions in the Non-Imprinted Polymer (NIP), 

while such interactions were absent in the IIP, indicating successful template removal and the 

formation of binding cavities suitable for selective metal ion adsorption.  EDX analysis also 

revealed a difference in Fe(III) content, with the NIP at 0.52% and the IIP at 0.36%. Results reveal 

that the IIP exhibits selective adsorption toward the target ion, indicating its potential for selective 

metal ion separation and environmental remediation. 
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INTRODUCTION  

Iron is an essential metal required by 

living organisms for the formation of 

haemoglobin in the blood. However, 

excessive intake and long-term 

accumulation of iron in the body can be 

harmful and may lead to various diseases 

(Pramastuti et al., 2024). Iron in aquatic 

environments generally exists in dissolved 

forms, namely Fe(II) and Fe(III), which can 

form colloidal particles and associate with 

organic or inorganic compounds such as 

clay particles (Salisna et al., 2021). 

However, in water, Fe(II) is unstable and 

tends to precipitate as insoluble Fe(III) 

hydroxide (Rahman et al., 2024). 

Iron in aquatic environments can be 

removed using several techniques, one of 

which is adsorption. Adsorption refers to the 

phenomenon where molecules or particles of 
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a substance accumulate on the surface of a 

solid material (known as the adsorbent) as a 

result of intermolecular attractive forces. In 

this process, the adsorbent captures the 

target substance, known as the adsorbate 

(Kusumaningsih et al., 2022). The 

adsorption method offers high efficiency 

across a wide pH range (Raji et al., 2023). 

Also, adsorption effectively removes metals 

even at very low concentrations (Macena et 

al., 2025).  

One promising type of adsorbent is the 

Ion-Imprinted Polymer (IIP). IIPs exhibit 

high selectivity because they can recognize 

specific interactions between ions and 

ligands based on the size and shape of the 

metal ion (Ishak et al., 2020). The principle 

of IIP synthesis involves forming a complex 

between a template ion and a ligand, which 

is then fixed within a cross-linked polymer 

matrix, resulting in a Non-Imprinted 

Polymer (NIP). After removal of the 

template ion, cavities complementary in 

shape, size, and functional groups to the 

template ion are generated within the 

polymer structure, leading to the formation 

of IIP (Wirawan et al., 2019). In contrast to 

NIP, which does not contain recognition 

cavities, IIP is characterized by the presence 

of imprinted sites that remain after the 

template ion has been removed (Cao et al., 

2024).  

The formation of the complex between 

the template ion and the ligand is a crucial 

step in IIP synthesis, as it influences the 

internal structure of the polymer and its 

ability to selectively bind metal ions (Iacob 

et al., 2018). This study aims to investigate 

how variations in the template ion–ligand 

ratio affect the adsorption of Fe(III) ions. 

The analysis enables determination of the 

metal/ligand complex stoichiometry (1:1; 

1:2; 1:3; 1:4; and 1:5) by adjusting the initial 

molar ratio of metal to ligand in the 

polymerization mixture. The selective 

behavior of binding sites in IIPs is strongly 

affected by their stoichiometric complexity, 

consequently, this approach is anticipated to 

improve the overall performance of the 

synthesized material. Previous studies have 

reported that an ion template/ligand ratio of 

1:2 produced the highest selectivity in 

Ni(II)/DPC-based IIP systems (Zhou et al., 

2017). Similarly, Giove, (2024) found that a 

1:2 ratio between Ni(II) and 2,2'-

(pyridyl)imidazole yielded the most stable 

complex. The purpose of comparing 

different template ion/ligand ratios in this 

research is to identify the optimal 

composition for Fe(III) ion adsorption. 

Ligands in IIPs that do not form complexes 

with the template ion tend to create non-

selective binding sites, similar to those 

found in NIPs (Fei & Hu, 2022). 

Accordingly, this research aims to 

investigate how variations in template ion–

ligand composition influence the 

performance of IIPs, with the objective of 

developing materials with enhanced ion-

separation efficiency. 

 

RESEARCH METHOD

Material and Methods 

The materials used in this study are 

Fe(NO₃)₃ (Merck), Na2EDTA (Merck). 

methacrylic acid (MAA) (Sigma Aldrich), 

benzoyl peroxide (BPO), ethylene glycol 

dimethacrylate (Sigma Aldrich)) (Merck), 

acetonitrile (Merck), ethanol (Merck), 

distilled water, deionized water, nitrogen 

gas (N₂), nitric acid 65% (Merck), and 

hydrochloric acid HCl 37% (Merck).  

The equipment used in this experiment 

included a magnetic stirrer, reagent bottles, 

beaker glass, measuring cylinder, vortex 

mixer, micropipettes, volumetric flask, 

thermometer, glass funnel, filter paper, 

measuring pipette, volumetric pipette, 

magnetic stirrer, vacuum membrane 

filtration apparatus, and analytical balance. 

The metal concentration was analyzed using 

Atomic Absorption Spectrophotometry 

(AAS, Shimadzu AA-7000). The 

characterization of IIP-Fe, NIP-Fe, and 

blank polymer was performed with 
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instruments, Fourier Transform Infrared 

(FTIR, Perkin Elmer Spectrum One) at a 

wavelength range of 400-4000 cm⁻¹, and 

SEM-EDX (Scanning Electron Microscopy-

Energy Dispersive X-ray, ZEISS Evo 10). 

 

Procedures 

Synthesis of NIP-Fe(III) 

Non-Imprinted Polymer (NIP) was 

synthesized using the precipitation 

polymerization method. The procedure 

began by mixing Fe(NO₃)₃ (0.1 mmol, 

0.0404 g) with Na₂EDTA at varying 

amounts of 0.1 mmol (0.0372 g), 0.2 mmol 

(0.0744 g), and 0.3 mmol (0.1116 g). To this 

mixture, 60 mL of a solvent mixture of 

ethanol and acetonitrile (2:1, v/v) was 

added, and the solution was stirred on a 

magnetic stirrer at 600 rpm at room 

temperature for 30 minutes. Subsequently, 

BPO (0.2 mmol, 0.0484 g), EGDMA (20 

mmol, 3.9644 g), and MAA (0.4 mmol, 340 

μL) were added to the mixture and 

homogenized using a vortex mixer. To 

eliminate oxygen interference, the solution 

was purged with nitrogen gas for 5 minutes 

and covered with aluminum foil. The 

mixture was magnetically stirred at 800 rpm 

and 70°C until a paste-like consistency 

developed. The formed polymer was filtered 

and washed successively with ethanol and 

distilled water. The residue was then dried in 

an oven at 60°C until constant weight, 

yielding NIP. A blank polymer was 

synthesized using the same procedure, 

without the addition of the template ion. 

 

Determination of Leaching Percentage 

The leaching process involves 

removing the template ions present in the 

NIP, resulting in the formation of pores or 

cavities. The synthesized NIP was leached 

with 100 mL of 3M HNO₃. The residue was 

separated from the filtrate then washed with 

distilled water. The obtained residue was 

then oven-dried at 60°C until constant 

weight was achieved, yielding the Ion-

Imprinted Polymer (IIP). The filtrate from 

the leaching process and the washing 

solution were subsequently examined using 

Atomic Absorption Spectrophotometry 

(AAS) to quantify the concentrations of 

dissolved and leached metal ions.  

 

Determination of Adsorption Capacity 

Adsorption using IIPs with 

composition ratios of 1:1, 1:2, 1:3, 1:4, and 

1:5 was conducted to determine the IIP with 

the best adsorption performance. Each of the 

IIP was weighed to 0.05 g and added to 50 

mL of Fe(III) standard solution with a 

concentration of 5 ppm. The adsorption 

contact time is 2 hours. After stirring, the 

solutions were filtered, and the metal ion 

concentrations in the filtrates were analyzed. 

The Fe(III) standard solution was adjusted to 

pH 7, corresponding to the optimum pH 

condition for adsorption. Adsorption 

capacity was calculated using the following 

equation: 

 

Qe = 
(𝐶𝑖−𝐶𝑓)𝑉

𝑚
                                               (2)    

Qe (mg/g) represents the adsorption 

capacity, which is calculated based on the 

initial solute concentration Ci  (mg/L), the 

equilibrium concentration Cf  (mg/L), the 

amount of adsorbent m (g), and the total 

solution volume V (L). 

 

Characterization analysis of NIP-Fe(III) 

and IIP-Fe(III) 

Chemical characterization of NIP 

and IIP was carried out using FTIR at a 

wavelength range of 400-4000 cm⁻¹ to 

identify the functional groups. SEM-EDX 

was used to examine the surface 

morphology and to determine the elemental 

composition of the polymer. The blank 

polymer was also characterized as a 

reference. 

Fe(III)/Cr(III) Selectivity  

The selectivity determination was 

carried out using the IIP with the optimal 

ratio. Approximately 0.05 g of IIP was 

weighed and added to 50 mL of a 5 ppm 

Fe(III)/Cr(III) standard solution. The 

resulting mixture was subjected to magnetic 

stirring at 800 rpm for 2 hours to achieve 

adsorption equilibrium. Post-adsorption, the 

concentrations of Fe(III) and Cr(III) were 
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quantified. The pH of the standard solution 

was controlled at nearly 7. Selectivity 

coefficient, 𝐾𝐶𝑟(𝐼𝐼𝐼)
𝐹𝑒(𝐼𝐼𝐼)

, is calculated according 

to Eq. (3) (Laatikainen et al., 2015): 

 

KCr(III)

Fe(III)
= 

QeFe(III)QeCr(III)

CfFe(III)CfCr(III)
                         (3) 

 

Qe (mg/g) is defined as the adsorption 

capacity, and Cf  (mg/L) is defined as the 

final concentration in the solution. 

 

 

RESULT AND DISCUSSION 

Leaching Percentage 

Metal ions were leached from the 

polymer's surface and cavities using an 

HNO₃ solution. HNO₃ acts not only as a 

reactive solvent but also as the primary 

driving force for ion-exchange reactions that 

facilitate metal leaching through ionic 

interactions.  

As shown in Table 1, the IIP with a 1:1 

template-to-ligand ratio exhibited the 

highest leaching percentage. The 

elimination of Fe(III) ions in the leaching 

phase plays a decisive role in shaping both 

the number and the structural features of the 

cavities embedded in the polymer matrix. 

These cavities function as specific 

recognition sites for the target ion. The 

results demonstrate that the efficiency of ion 

removal, as reflected by the leaching 

percentage, is directly correlated with the 

degree of cavity formation and, 

consequently, with the selectivity 

performance of the IIP. 

 
Table 1. Leaching percentage of NIP 

Value % Leaching 

NIP(1:1) 97.43 

NIP(1:2) 94.67 

NIP(1:3) 88.99 

NIP(1:4) 85.18 

NIP(1:5) 75.28 

Adsorption Capacity 

This study identified a strong 

correlation between ligand amount and 

polymer adsorption efficiency. As 

summarized in Table 2, an elevated ligand 

concentration was associated with decreased 

adsorption capacity. 

 

 
Table 2. The adsorption capacity of IIP 

Materials 
Ci 

(mg/L) 

Cf 

(mg/L) 

Adsorption 

Capacity 

(mg/g) 

IIP(1:1) 6.176 0.986 5.17 

IIP(1:2) 6.176 1.167 4.99 

IIP(1:3) 6.176 1.547 4.61 

IIP(1:4) 5.695 3.932 1.75 

IIP(1:5) 5.695 4.393 1.29 

The formation of the complex prior to 

the polymerization process is one of the key 

factors influencing adsorption performance. 

When the template ion–ligand complex is 

formed, specific recognition sites within the 

polymer are simultaneously established. 

This complex governs the spatial 

arrangement and orientation of the 

functional groups in the polymer matrix 

(Girija, 2022). The ratio of template ions to 

ligands determines the number of complexes 

formed. In the case of the Fe(III)–EDTA 

complex, each mole of EDTA forms a stable 

complex with one mole of the metal cation 

(Hafer et al., 2020). When Fe(III) ions fail to 

form complexes with EDTA, they are not 

incorporated into the polymer matrix, 

resulting in fewer specific binding sites. The 

unbound EDTA contributes to the formation 

of non-selective binding sites, resembling 

those present in the blank (non-imprinted) 

polymer (Laatikainen et al., 2015). 
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Characterization using FTIR 

 

Figure 1.   Spectrum FTIR blank polymer, NIP, 

and IIP 

The FTIR spectra of the blank 

polymer, NIP, and IIP are illustrated in Fig. 

1. Comparative analysis of these spectra 

revealed a notable distinction at the 

wavenumber of 486.70 cm⁻¹, which 

corresponds to the Fe–O bond observed in 

the NIP (Kiew et al., 2023). The absence of 

this characteristic peak in the IIP spectrum 

confirms the successful synthesis of the 

imprinted polymer. Furthermore, absorption 

bands appearing at 3462.22 and 3466.08 

cm⁻¹ are associated with O–H stretching 

vibrations of carboxylic groups originating 

from EDTA and MAA, indicating the 

presence of hydroxyl functionalities in the 

polymer matrix. Additional bands detected 

at 1259.52, 1261.45, and 1263.37 cm⁻¹ were 

assigned to C–N stretching vibrations of 

EDTA. (Nandiyanto et al., 2023). Strong 

peaks at 1730.15, 1728.22, and 1726.29 

cm⁻¹ were assigned to C=O stretching 

vibrations of ester groups from MAA and 

EGDMA, indicating the successful 

formation of ester linkages during the 

copolymerization process (Wirawan et al., 

2019). The bands appearing at 1639.49 and 

1641.42 cm⁻¹ correspond to the C=C 

stretching modes associated with the MAA 

and EGDMA monomer units (Bunina et al., 

2017), while peaks at 1458.18 and 1454.33 

cm⁻¹ represented additional C=C stretching 

vibrations from EGDMA, corresponding to 

the polymer backbone (Permatasari & 

Sianita, 2025). Peaks observed at 1161.15, 

1163.08, and 1165.00 cm⁻¹ were attributed 

to C–O stretching vibrations from EGDMA, 

confirming the presence of ester structures 

in the polymer matrix (Bivián-Castro et al., 

2023). Overall, these FTIR results confirm 

the successful synthesis of the Ion-Imprinted 

Polymer (IIP) incorporating MAA, 

EGDMA, BPO, and EDTA as active 

components. 

Characterization using SEM-EDX 

The morphological characterization using 

SEM at a magnification of 20,000×, as 

shown in Figure 2, reveals distinct 

differences among the samples. The surface 

morphology of the blank polymer exhibits 

pores that are not clearly visible. The blank 

polymer was used as a reference and 

synthesized without the template ion; thus, it 

did not undergo the ion imprinting process 

that creates specific cavities for the target 

ion. The NIP displays a more irregular and 

slightly porous surface compared to the 

blank polymer. In contrast, the IIP shows a 

more porous surface with evident pore 

structures, indicating the presence of 

specific recognition cavities (imprinted 

cavities). The formation of these well-

defined cavities arises from the removal of 

Fe(III) ions during the leaching stage. These 

cavities within the polymer matrix function 

as specific binding sites for Fe(III) ions. 

EDX analysis confirmed that the blank 

polymer, NIP, and IIP all contained carbon 

and oxygen as the primary constituents of 

the polymer framework. However, iron was 

also detected in both the NIP and IIP 

samples. The IIP exhibited a lower iron 

content (0.36%) compared to the NIP 

(0.52%), which is attributed to the leaching 

process. The detection of these elements 

further verifies the successful synthesis of 

both NIP and IIP. 
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Figure 2. SEM of (a) NIP (b) IIP (c) blank 

polymer at 20.000x magnification. 

Fe(III)/Cr(III) Selectivity 

Table 3 summarizes the distribution 

ratios (K) for IIP. In the selectivity test of the 

IIP, Cr(III) ions were chosen as competitor 

ions because Fe(III) and Cr(III) possess 

similarly small ionic radius, 0.66 Å and 0.62 

Å, respectively. As shown in Table 3, the 

selectivity results for Fe(III)/Cr(III) indicate 

a distribution ratio (Kd) for the target ion 

significantly higher than that of the 

competing ion, with a selectivity coefficient 

(k) value of 132.776. This finding 

demonstrates that the IIP exhibits high 

selectivity toward the target ion. 

Table 3. Selectivity of IIP 

Value IIP(1:1) 

Qe Fe(III) (mg/L) 0.866 

Qe Cr(III) (mg/L) 0.076 

Cf Fe(III) (mg/L) 0.566 

Cf Cr(III) (mg/L) 6.582 

𝐾𝐶𝑟(𝐼𝐼𝐼)
𝐹𝑒(𝐼𝐼𝐼)

 132.776 

 

 

 

 

 

 

 

 

 

CONCLUSION 

The findings of this study confirm the 

successful synthesis of the Fe-ion-imprinted 

polymer (IIP-Fe), highlighting the critical 

role of the EDTA ligand in determining the 

adsorption performance of the polymer 

toward Fe(III) ions. Among the various 

compositions investigated, the polymer 

prepared with a 1:1 ratio of template ion to 

ligand exhibited the maximum adsorption 

capacity of 5,189 mg/g. This enhanced 

performance can be ascribed to the optimal 

balance between template and ligand, as an 

excess of unbound EDTA tends to produce 

non-selective binding sites, thereby 

diminishing the selectivity of Fe(III) 

adsorption. FTIR spectral analysis 

confirmed the successful formation of the 

imprinted polymer through the presence of 

characteristic functional groups such as Fe–

O. Furthermore, SEM-EDX characterization 

revealed clear morphological distinctions 

between the NIP and the IIP, with the latter 

displaying a higher density of pores and 

cavities formed by the removal of Fe(III) 

ions, thus validating the imprinting process 

within the polymer matrix. 
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