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The rapid expansion of nickel mining in Indonesia, driven by the growing demand 
for electric vehicle batteries, has raised concerns about the environmental and 
health impacts of nickel pollution. This study presents the synthesis and 
characterization of a highly selective adsorbent, Nickel(II) Imprinted Polymers 
(Ni(II)-IPs), for the monitoring and removal of Ni(II) ions. Ni(II)-IPs were 
synthesized using precipitation polymerization by imprinting the Ni(II)-8-
hydroxyquinoline complex into a polymer matrix through the polymerization of 
methacrylic acid and ethylene glycol dimethacrylate. Successful imprinting and 
subsequent leaching of Ni(II) ions using HNO3 were confirmed by FTIR, SEM, and 
EDX characterization. Adsorption studies revealed that Ni(II)-IPs exhibit a high 
adsorption capacity of 70.26 mg/g at pH 7 within a short contact time of 15 
minutes. Moreover, Ni(II)-IPs demonstrated excellent selectivity towards Ni(II) 
ions in the presence of competing ions, with relative selectivity coefficients of 
1.20, 1.24, and 1.31 for Ni(II)/Cu(II), Ni(II)/Co(II), and Ni(II)/Pb(II), respectively. 
These findings highlight the potential of Ni(II)-IPs as an efficient and selective 
adsorbent for monitoring and removing Ni(II) ions from complex aqueous 
matrices, thereby addressing growing concerns about nickel pollution in 
Indonesia and beyond. 

 

1. Introduction 

Indonesia, the country with the largest nickel 
reserves in the world, has experienced a significant 
increase in nickel mining activities driven by the 
escalating global demand, particularly in the electric 
vehicle battery industry. The International Energy Agency 
projects a minimum 65% increase in global nickel 
production by 2030, fueled by the growing need for 
stainless steel and electric vehicle batteries as part of the 
global energy transition. Indonesia is poised to supply 
approximately two-thirds of this demand and has 
entered into multiple contracts with foreign investors in 
nickel mining [1, 2]. However, this rapid expansion poses 
serious environmental challenges. Large-scale nickel 
mining has resulted in water pollution and disruption of 
marine ecosystems in regions such as Buli Bay and Weda 
Bay in East Halmahera, North Maluku, where ore 

dredging has caused seawater discoloration and 
threatened marine life. Similar impacts have been 
reported on Labengki and Kabaena Islands, Southeast 
Sulawesi, where mining sediments have increased water 
turbidity and led to declines in fish and seaweed 
populations. Beyond ecological damage, nickel exposure 
is linked to various health issues, including 
dermatological, cardiovascular, immunological, 
neurological, renal disorders, and cancers [2, 3]. This 
situation presents a dilemma between the demand for 
nickel to support green technologies and the imperative 
to mitigate environmental harm. The World Health 
Organization (WHO) has set a maximum permissible 
Ni(II) concentration of 0.07 mg/L in water, underscoring 
the need for effective environmental monitoring and 
remediation [4]. 
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Analytical techniques such as Atomic Absorption 
Spectrophotometry (AAS) are commonly employed to 
determine nickel concentrations. However, AAS faces 
limitations in environmental matrices due to low 
sensitivity and matrix interferences, necessitating 
effective separation methods prior to analysis [5]. Various 
separation strategies, including liquid extraction, ion 
exchange, and solid phase extraction (SPE), have been 
explored for metal ion analysis [6]. Among these, SPE is 
preferred for its reduced solvent consumption, higher 
precision, and efficient analyte-matrix separation [7, 8]. 
Conventional adsorbents used in SPE, such as zeolite, 
silica, alumina, chitosan, and activated carbon, lack 
sufficient selectivity for specific metal ions, which limits 
their effectiveness in complex samples [9]. Therefore, 
selecting an adsorbent with high selectivity is critical for 
successful SPE applications. 

Ion-imprinted polymers (IIPs) have emerged as 
promising selective adsorbents due to their ability to form 
specific cavities complementary to target metal ions. 
These cavities are generated by polymerizing functional 
monomers and crosslinkers in the presence of a metal ion 
template, which is subsequently removed to leave behind 
recognition sites matching the target ion’s size, charge, 
coordination number, and geometry [10, 11]. This 
molecular imprinting approach enhances selectivity, 
making IIPs highly suitable for metal ion separation and 
detection. 

Despite extensive research on IIPs, several gaps 
remain. While methacrylic acid (MAA) and ethylene glycol 
dimethacrylate (EGDMA) are widely used as monomer 
and crosslinker, respectively, the incorporation of 8-
hydroxyquinoline—a ligand known for its strong 
chelating affinity toward Ni(II)—has been less explored 
in Ni(II)-IIPs. Additionally, many studies report slow 
adsorption kinetics or insufficient evaluation of 
selectivity against ions with similar properties, such as 
Co(II) and Cu(II). Fast adsorption kinetics are essential 
for practical environmental monitoring, yet this aspect is 
often underreported. Furthermore, comprehensive 
characterization linking the imprinting mechanism to 
adsorption performance remains limited. 

To address these challenges, this study focuses on 
synthesizing Ni(II)-imprinted polymers using MAA and 
EGDMA in the presence of a Ni(II)-8-hydroxyquinoline 
complex. This approach leverages the strong ligand 
affinity of 8-hydroxyquinoline to enhance selective 
cavity formation and improve adsorption performance. 
The synthesized Ni(II)-IPs are characterized using FTIR, 
SEM, and EDX techniques. Batch adsorption experiments 
are conducted to evaluate the effects of pH, time, 
adsorption capacity, and selectivity under 
environmentally relevant conditions. By addressing the 
gaps in ligand selection, kinetics, and selectivity 
evaluation, this research aims to develop a highly 
selective, fast-acting adsorbent suitable for effective 
monitoring and removal of Ni(II) ions from contaminated 
water sources. 

2. Experimental 

2.1. Tools 

The instruments and equipment used included 
standard laboratory glassware, an analytical balance, a 
magnetic stirrer, a hot plate, an oven, a pH meter, a 
Shimadzu Fourier Transform Infrared Spectrometer 
(FTIR), a JEOL JSM-6510 Scanning Electron Microscope 
coupled with Energy Dispersive X-ray (SEM-EDX), and a 
Varian AA240 Atomic Absorption Spectrometer (AAS). 

2.2. Materials 

The materials used in this study were NiCl2.6H2O 
(Smartlab), 8-hydroxyquinoline (8-HQ, Himedia), 
ethanol (analytical grade), acetonitrile (analytical grade), 
methacrylic acid (MAA; Sigma Aldrich), ethylene glycol 
dimethacrylate (EGDMA; Sigma Aldrich), 
azobisisobutyronitrile (AIBN, Sigma Aldrich), HNO3 
(analytical grade), HCl (Merck), NaOH (Merck), 
CoCl2.6H2O (Smartlab), Cu(NO3)2 (Merck), Pb(NO3)2 
(Merck), nitrogen gas, filter paper, and distilled water. 

2.3. Synthesis of Ni(II)-IPs 

Ni(II)-IPs were synthesized using precipitation 
polymerization. The procedure involved reacting 0.0475 
grams (0.2 mmol) of NiCl2.6H2O with 0.0725 grams (0.5 
mmol) of 8-hydroxyquinoline in a solvent mixture of 80 
mL of ethanol and 40 mL of acetonitrile (2:1). The solution 
was stirred for 30 minutes. The solution was added with 
0.7 mL (8 mmol) of methacrylic acid, 7.5 mL (40 mmol) of 
ethylene glycol dimethacrylate, and 1.2 mL (8 mmol) of 
azobisisobutyronitrile and then stirred for 30 minutes. 
The solution was cooled in the freezer for 30 minutes and 
flowed with nitrogen gas for 5 minutes. The mixture was 
put into an oven at 60°C for 8 hours. After being washed 
with 100 mL of ethanol, the polymer was dried in an oven 
at 60°C for an hour. The imprinted Ni(II) ions were 
removed by stirring the polymer in 2 M HNO3 for 5 hours, 
after which the Ni(II)-IPs were dried again at 60°C. Non-
imprinted polymers (NIPs) were prepared similarly but 
without the Ni(II)-8-hydroxyquinoline complex. The 
molar ratio of Ni(II): 8-hydroxyquinoline: MAA: EGDMA: 
AIBN was 2:5:80:400:80. 

2.4. Effect of pH 

The effect of pH was evaluated by contacting 0.02 g 
of Ni(II)-IPs with 25 mL of 5 ppm Ni(II) solution for 30 
minutes at different pH values (4, 5, 6, 7, and 8). The 
filtrate was analyzed using AAS at a wavelength of 232.1 
nm. The percentage of Ni(II) adsorption was calculated 
using Equation (1). 

 % 𝑁𝑖(𝐼𝐼) adsorption =
(𝐶0−𝐶𝑒)

𝐶0
 × 100% (1) 

Where, C0 and Ce are the initial and equilibrium 
concentrations of Ni(II), respectively. 

2.5. Effect of Contact Time 

The optimum contact time was determined by 
contacting 0.02 g of Ni(II)-IPs with 25 mL of 5 ppm Ni(II) 
solution at the optimum pH for varying durations of 5, 10, 
15, 30, 45, and 60 minutes. The filtrate was analyzed using 
AAS at a wavelength of 232.1 nm. 
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2.6. Determination of Adsorption Capacity 

To determine adsorption capacity, 0.02 g of Ni(II)-
IPs and NIPs were contacted with 25 mL of Ni(II) solution 
at optimum pH and contact time, using concentrations of 
20, 50, 80, and 100 ppm. The filtrate was analyzed by AAS 
at 232.1 nm. Adsorption capacity was calculated using 
Equation (2). 

 𝑄𝑒 =
(𝐶0−𝐶𝑒) 𝑉

𝑊
 (2) 

Where, W indicates the mass of Ni(II)-IPs, V is the 
volume of Ni(II), Qe is the amount of Ni(II) adsorbed by 
Ni(II)-IPs, C0 is the initial concentration of Ni(II), and Ce 
is the concentration of Ni(II) at equilibrium. 

2.7. Determination of Selectivity 

Selectivity was evaluated by contacting 0.025 g of 
Ni(II)-IPs and NIPs with 30 mL of mixed metal ion 
solutions—Ni(II)/Co(II), Ni(II)/Cu(II), and 
Ni(II)/Pb(II)—each at 10 ppm concentration. After 
filtration, the filtrate was analyzed by AAS at wavelengths 
of 283.3 nm (Pb), 240.7 nm (Co), 324.8 nm (Cu), and 232.1 
nm (Ni). The distribution coefficient (Kd), selectivity 
coefficient (K), and relative selectivity coefficient (K’) 
were calculated using Equations (3-5). 

 𝐾𝑑 =
𝑄𝑒

𝐶𝑒
 (3) 

 𝐾 =
𝐾𝑑𝑁𝑖(𝐼𝐼)

𝐾𝑑𝑀
 (4) 

 𝐾′ =
𝐾 𝑁𝑖(𝐼𝐼)−𝐼𝑃𝑠

𝐾 NIPs
 (5) 

Where, Qe is the amount of Ni(II) adsorbed by Ni(II)-
IPs, Ce is the concentration of Ni(II) at equilibrium, and M 
is the competitive metal ions. 

3. Results and Discussion 

3.1. Synthesis of Ni(II)-IPs 

The synthesis of Ni(II)-IPs consisted of three stages. 
The first step was the formation of the Ni(II)-8-HQ 
complex; second, polymerization between the Ni(II)-8-
HQ complex with MAA and EGDMA; and third, the 
removal of Ni(II) from the polymer matrix using 2 M 
HNO3. The ligand 8-HQ was a bidentate metal chelator 
with oxygen donor atoms in the hydroxyl group and 
nitrogen in its cyclic chain. The donor atom 8-HQ would 
bond with first-row transition metals that have empty d 
orbitals, such as nickel (Ni) [12]. 

 

Figure 1. Proposed mechanism of Ni(II)-IPs 

MAA was a monomer utilized to keep the polymer 
matrix stable during the printing process [13]. Monomers 
were determinants of the strength and weakness of the 
interaction of Ni(II)-IPs with the Ni(II) ions. MAA formed 
a dimerization reaction, thereby increasing the polymer 
imprinting effect [14]. EGDMA was a cross-linking agent 
that serves as a backbone to control the shape of the 
polymer matrix, maintain cavity stability after Ni(II) is 
removed from the polymer matrix, and preserve 
mechanical stability [13, 15]. EGDMA has an allyl 
functional group that can cross-link with MAA and 
produce stable and rigid Ni(II)-IPs [16, 17]. 

Azobisisobutyronitrile was an initiator that 
functions to initiate the polymerization process [18]. 
Polymerization was divided into initiation, propagation, 
and termination stages [19]. In the initiation stage, free 
radicals are formed and react with methacrylic acid 
monomers to produce monomer radicals, which initiate 
chain growth. Propagation involves the continuous 
addition of monomers to form polymers, while 
termination occurs when the monomer supply is depleted 
[20]. Ethanol would dissolve residues such as unreacted 
reactants trapped in the polymer matrix. Ni(II) ions were 
removed from the polymer matrix to form a cavity that 
has a memory effect on Ni(II) ions. The memory effect 
was formed due to the similarity of size, charge, 
geometry, and coordination number between the cavity 
and the Ni(II). A cavity in the polymer matrix can improve 
Ni(II)-IPs’ selectivity [11]. 

The synthesized Ni(II)-IPs were obtained as a 
homogeneous white powder with a smooth, dry texture, 
and no agglomeration was observed. The yields of Ni(II)-
IPs and NIPs were 76.21% and 83.85%, respectively, 
calculated based on the total weight of the starting 
materials. The slightly lower yield for Ni(II)-IPs is 
attributed to material loss during the template leaching 
process. Figure 1 illustrates that Ni(II) ions bind to the 
donor atoms O and N in 8-hydroxyquinoline, forming the 
Ni(II)-8-hydroxyquinoline complex [21]. During 
polymerization, covalent bonds are formed between MAA 
and EGDMA [13], in which the allyl group of EGDMA reacts 
with the C=C conjugated C=O group of MAA [17]. 

3.2. Characterization of Ni(II)-IPs 

3.2.1. FTIR Characterization 

The success of the synthesis of Ni(II)-IPs was 
indicated by the disappearance of the “C=C conjugated 
C=O” vibration and the emergence of C=O stretching and 
C-O stretching vibrations (Figure 2). The “C=C 
conjugated C=O” vibration in MAA appeared at 
1690.06 cm−1. The vibration of “C=C conjugated C=O” 
appeared at 1693.38 cm−1 [22]. The vibration of C=O 
stretching appeared at 1717.16, 1721.44, and 1722.86 cm−1, 
while the vibration of C-O stretching appeared at 1142.40, 
1148.10, and 1146.67 cm−1. The vibration of C=O stretching 
appeared at 1725-1705 cm−1 [23]. The vibration of C-O 
stretching appeared at 1260-1000 cm−1 [24]. The 
disappearance of the vibration of C=C conjugated C=O and 
the emergence of C=O stretching and C-O stretching 
vibrations indicated that polymerization between MAA 
and EGDMA has formed [22]. 
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Figure 2. FTIR spectra of (a) MAA, (b) NIPs, 
(c) Ni(II)- IPs before leaching, (d) Ni(II)-IPs after 

leaching 

M-N vibrations in Ni(II)-IPs before leaching and 
Ni(II)-IPs after leaching appeared at 452.10 and 453.53 
cm−1. M-N vibrations appeared at 451-461 cm−1 [25]. M-O 
vibrations in Ni(II)-IPs before leaching appeared at 
526.27 cm−1. M-O vibrations in NIPs and Ni(II)-IPs after 
leaching appeared at the same wave number, namely 
527.69 cm−1. M-O vibrations appeared at 525-599 cm−1 
[25]. The occurrence of wave number shifts in M-N and 
M-O vibrations in Ni(II)-IPs before leaching and Ni(II)-
IPs after leaching indicated that Ni(II) could be released 
from the polymer matrix using 2 M HNO3. 

3.2.2. SEM Characterization 

SEM analysis was performed to investigate the 
surface morphology of NIPs, Ni(II)-IPs before leaching, 
and Ni(II)-IPs after leaching, as shown in Figure 3. The 
Ni(II)-IPs exhibited a noticeably rougher surface texture 
with aggregate formation compared to the smoother, 
more homogeneous, and denser surface of the NIPs, 
which showed limited porosity. After the leaching 
process, the Ni(II)-IPs displayed enhanced porosity 
relative to both NIPs and pre-leached Ni(II)-IPs [21]. The 
rougher and more porous morphology of Ni(II)-IPs 

provides clear evidence of the successful imprinting 
process. This increased surface roughness arises from the 
removal of Ni(II) ions during leaching, which creates 
selective binding cavities tailored for Ni(II) ions. These 
cavities possess specific shapes, sizes, geometries, and 
coordination numbers complementary to Ni(II), enabling 
selective rebinding. 

The formation of these cavities not only increases the 
number of accessible active sites but also enhances the 
overall surface area, both of which are critical for 
improving the adsorption capacity and selectivity of the 
polymer. The leaching process effectively opens binding 
sites previously occupied by the Ni(II) template ions, 
thereby increasing the porosity and accessibility of the 
polymer surface. Ni(II) ions initially form complexes with 
8-hydroxyquinoline ligands and become embedded 
within the hardened polymer matrix during synthesis. 
The efficiency of the leaching process directly influences 
the number of available binding sites and consequently 
the porosity of the material, which in turn positively 
impacts adsorption efficiency. 

 

Figure 3. SEM images of (a) NIPs, (b) Ni(II)-IPs before 
leaching, and (c) Ni(II)-IPs after leaching 

 

Figure 4. EDX spectra of (a) NIPs, (b) Ni(II)-IPs before leaching, and (c) Ni(II)-IPs after leaching 
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3.2.3. EDX Characterization 

EDX characterization was conducted to determine 
the elemental composition of the polymer. The analysis 
confirmed the presence of carbon, oxygen, and nickel in 
the polymer, as shown in Figure 4. Ni(II)-IPs before 
leaching contained 0.09 mass% Ni(II), whereas no nickel 
was detected in the Ni(II)-IPs after leaching. The absence 
of Ni(II) in the leached samples confirms the successful 
removal of nickel ions from the polymer matrix. 

3.3. Effect of pH 

The batch method was used to investigate the effect 
of pH on Ni(II) adsorption within the pH range of 4 to 8, 
as shown in Figure 5. The adsorption capacity of Ni(II)-
IPs increased steadily from pH 4 to pH 7, after which a 
slight decrease was observed at pH 8. At lower pH values, 
Ni(II) adsorption was less effective due to the high 
concentration of H+ ions, which compete with Ni(II) for 
binding sites on the Ni(II)-IPs, thereby reducing the 
adsorption capacity [26]. Besides, Hu et al. [27] stated that 
at pH values below pH 7, the nitrogen atom in 
8- hydroxyquinoline becomes protonated, leading to a 
decrease in Ni(II) adsorption. At pH values higher than 7, 
Ni(II)-IPs adsorption slightly declined. This is due to the 
presence of OH− in the solution, resulting in precipitation 
due to the formation of Ni(OH)2 hydroxide. The ideal pH 
for Ni(II) adsorption on ion-imprinted polymers-silica 
gel, Ni-Cu IIP, and ion-imprinted polymers-acrylamide 
is 7, according to several studies [28, 29, 30]. 

3.4. Effect of Contact Time 

Using the batch method, the influence of contact 
time on the adsorption of Ni(II) was examined at times of 
5, 10, 15, 30, 45, and 60 minutes, as shown in Figure 6. The 
adsorption of Ni(II) on Ni(II)-IPs reached its optimum at 
15 minutes, after which the percentage of adsorbed Ni(II) 
remained nearly constant. Therefore, extending the 
contact time beyond 15 minutes was ineffective in 
increasing the adsorption capacity, as the Ni(II)-IPs had 
become saturated with Ni(II) ions [31]. This shows a 
better performance as a Ni(II) adsorbent, achieving 
maximum adsorption within a relatively short time [31, 
32]. 

3.5. Ni(II)-IPs Adsorption Capacity 

The adsorption capacity, defined as the highest 
quantity of metal ions adsorbed per unit mass of polymer 
[6], was determined by contacting Ni(II)-IPs with Ni(II) 
solutions at concentrations of 20, 50, 80, and 100 ppm. 
These concentrations were selected to enable 
measurement of the maximum adsorption capacity while 
reflecting realistic conditions encountered in wastewater 
treatment. Additionally, this concentration range 
provides a suitable basis for adsorption isotherm 
modeling. It also allows for a meaningful evaluation of the 
efficiency and selectivity advantages of Ni(II)-IPs 
compared to NIPs. As shown in Figure 7, Ni(II)-IPs 
exhibit significantly higher adsorption capacity than 
NIPs. 

 

Figure 5. Effect of pH on Ni(II) adsorption percentage 

 

Figure 6. Effect of contact time on Ni(II) adsorption 
percentage 

 

Figure 7. Adsorption capacity of Ni(II)-IPs and NIPs 

Ni(II)-IPs had an adsorption capacity of 70.26 mg/g 
at pH 7 after 15 minutes. The adsorption capacity reaches 
its optimum level at 80 ppm and increases with increasing 
initial Ni(II) concentration. At concentrations above 80 
ppm, the adsorption capacity decreased due to the 
saturation of the adsorbent, which reduced adsorption 
efficiency. Once the surface active sites of the adsorbent 
are fully occupied by metal ions, further increases in 
concentration do not enhance the adsorption capability 
[33]. 
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Table 1. Selectivity of Ni(II)-IPs 

Binary Solution Metal ion Kd NIPs Kd Ni(II)-IPs K NIPs K Ni(II)-IPs K’ 

Ni-Cu 
Ni 0.54 4.22 0.22 0.26 1.20 

Cu 2.51 16.33    

Ni-Co 
Ni 0.77 0.97 0.94 1.17 1.24 

Co 0.82 0.83    

Ni-Pb 
Ni 0.64 2.13 0.21 0.28 1.31 

Pb 2.99 7.61    

3.6. Selectivity of Ni(II)-IPs 

Ni(II) solution was mixed with Co(II), Cu(II), and 
Pb(II) solutions in order to determine selectivity using the 
batch method. Selectivity was assessed for 15 minutes at 
pH 7. As shown in Table 1, Ni(II)-IPs exhibited higher K 
values than NIPs. The K’ values for Ni(II)/Cu(II), 
Ni(II)/Co(II), and Ni(II)/Pb(II) were 1.20, 1.24, and 1.31, 
respectively. A K’ value above 1 indicates good selectivity 
for Ni(II) ions [34]. This enhanced selectivity arises from 
the imprinted cavities in Ni(II)-IPs, which are 
complementary to Ni(II) in terms of size, charge, 
geometry, and coordination number [11]. In this study, 
interfering ions with similar size and charge 
characteristics to Ni(II), such as Cu(II), Co(II), and Pb(II), 
were used to evaluate selectivity under strong 
competitive conditions. 

The metal radii of Ni(II), Co(II), Cu(II), and Pb(II) are 
0.069, 0.065, 0.073, and 0.119 Å, respectively. A greater 
difference between the ionic radius of Ni(II) and that of 
the competing metal results in a higher K’ value due to the 
mismatch with the Ni(II)-IPs cavities [28]. These cavities 
are specifically tailored to the size and geometry of Ni(II) 
ions (0.069 Å). When the ionic radius of an interfering ion 
is similar to that of Ni(II), such as Co(II) and Cu(II), these 
ions can partially fit into the cavities, resulting in lower 
selectivity (lower K’ values). Conversely, Pb(II) has a 
significantly larger ionic radius (difference ∆r = 0.050 Å) 
and does not fit well into the cavities, leading to a higher 
K’ value and greater selectivity for Ni(II). Thus, the 
selectivity of Ni(II)-IPs is strongly influenced by the size 
compatibility between the imprinted cavities and the 
ionic radii of competing ions. 

Selectivity arises from the precise compatibility of 
the cavity shape, with 8-hydroxyquinoline and the MAA 
monomer playing crucial roles. The 8-hydroxyquinoline 
ligand is used as a chelating agent with a strong affinity 
for Ni(II) during the printing process, forming a stable 
chelation complex that facilitates cavity formation. The 
presence of functional groups in the chelation complex 
and monomers in the polymer matrix increases the bond 
strength and selectivity. 

Table 2 shows that Ni(II)-IPs have better 
performance compared to several other adsorbents. 
Ni(II)-IPs were effective for the adsorption of Ni(II) 
because it has high adsorption capacity and selectivity in 
a relatively short time (15 minutes). Ni(II)-IPs can be used 
as a good candidate for the adsorption of Ni(II) and have 
the potential to be applied for the adsorption of Ni(II) in 
environmental samples. 

Table 2. Adsorption capacity and adsorption time of 
various adsorbents 

Adsorbent 
Adsorption 

capacity 
(mg/g) 

Time 
(minutes) Ref. 

Ion-imprinted 
polymers-silica gel 

20.30 12 [28] 

Lycopersicum 
esculentum (tomato) 
leaf powder 

58.82 105 [35] 

Dolomite powder 1.70 105 [36] 

Gram-positive 
bacteria (Brevibacillus 
laterosporus) 
(MTCC1628) 

44.44 120 [37] 

Chitosan modification 42.41 1260 [38] 

Ni(II)-IPs 70.26 15 
Current 

study 

3.7. Adsorption Isotherms 

In this study, the adsorption behavior of Ni(II) ions 
on Ni(II)-IPs was evaluated using both Langmuir and the 
Freundlich isotherm models. The Langmuir isotherm 
assumes monolayer adsorption on a homogeneous 
surface with identical binding sites, typically indicative of 
chemisorption. In contrast, the Freundlich isotherm 
describes adsorption on a heterogeneous surface with 
varying affinities, commonly associated with 
physisorption [39]. Figure 8 presents the linearized plots 
of both isotherms, with correlation coefficients (R2) of 
0.958 for Langmuir and 0.525 for Freundlich. The higher 
R2 value for the Langmuir model indicates that it better 
describes the adsorption process of Ni(II) ions onto 
Ni(II)-IPs. This suggests that adsorption occurs 
predominantly as a monolayer on a homogeneous surface 
without significant interaction between adsorbed ions. 

Furthermore, the adsorption mechanism is primarily 
chemisorption, which is supported by the formation of 
coordinate covalent bonds between the Ni(II) ions and the 
functional groups of the 8-hydroxyquinoline ligand. 
Moreover, the presence of specific cavities in the Ni(II)-
IPs, created during the imprinting process, provides a 
“memory effect” for Ni(II) ions. This effect arises from 
the similarity in size, charge, geometry, and coordination 
number between the template Ni(II) ions and the 
imprinted sites, enhancing selective and efficient 
binding. 
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Figure 8. Isotherm and kinetics adsorption (a) Langmuir 
(b) Freundlich (c) Pseudo-first-order (d) Pseudo-

second-order 

3.8. Adsorption Kinetics 

The adsorption kinetics of Ni(II) ions onto Ni(II)-IPs 
were analyzed using both pseudo-first-order and 
pseudo-second-order kinetic models. The R2 values 
obtained from the linearized plots (Figure 8) were 0.948 
for the pseudo-first-order and 1.000 for the pseudo-
second-order model. The higher R2 value for the pseudo-
second-order model indicates a better fit, suggesting that 
the adsorption process is primarily controlled by 
chemisorption [39, 40]. This confirms that Ni(II) ions are 
adsorbed onto the surface of Ni(II)-IPs through chemical 
interactions involving electron sharing or exchange. 

4. Conclusion 

In this study, Ni(II)-IPs were successfully 
synthesized using methacrylic acid (MAA), EGDMA, 
Ni(II), and 8-hydroxyquinoline as monomers, 
crosslinkers, templates, and ligands. FTIR, SEM, and EDX 
characterizations confirmed the successful synthesis of 
Ni(II)-IPs and the successful leaching process of Ni(II) 
from the polymer matrix. The adsorption capacity of 
Ni(II)-IPs was 70.26 mg/g at pH 7 in a relatively short 
time (15 minutes). The relative selectivity coefficient (K’) 
values of Ni(II)/Cu(II), Ni(II)/Co(II), and Ni(II)/Pb(II) 
were 1.20, 1.24, and 1.31, respectively. These results show 
that even when matrix interference is present, Ni(II)-IPs 
remain selective for Ni(II) ions. Future studies could focus 
on the monitoring of nickel in real environmental water 
samples. 
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