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a b s t r a c t
Shrimp shells are an abundant natural resource for chitosan generation as bio sorbent. In this 
work, imine was prepared through the modified free amino group –NH2 of chitosan using 4-flu-
orobenzaldehyde. The ion-imprinted method was used to prepare a new bulk polymer as a selec-
tive, fast, high-performance approach to remove copper ions. Adsorbents were characterized using 
Fourier-transform infrared spectroscopy, scanning electron microscopy, energy-dispersive X-ray, 
X-ray powder diffraction, transmission electron microscopy, and nuclear magnetic resonance tech-
niques. Operational parameters including pH, contact time, adsorbent quantity, metal concentra-
tion, and temperature were evaluated. Results illustrated Cu(II) adsorption by Cu(II) ion-imprinted 
polymers (Cu(II)-IIP) is independent pH. The kinetic and isotherms dada fitted well to second- 
order reaction and Langmuir model with the maximum adsorption capacities of 20.8 mg/g for 
imine and 22 mg/g for Cu(II)-IIP at pH 8.0. Thermodynamic parameters (ΔG° < 0 and ΔH° > 0) sug-
gested a spontaneous and endothermic adsorption process. The recycling and reuse showed that 
imine retained its adsorption capacity for Cu(II) ions after four consecutive cycles, while Cu(II)-IIP 
showed high efficiency and no significant decrease for copper removal after ten cycles.
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1. Introduction

Heavy metals have been classified as a hazardous con-
taminant for human and environment due to their adverse 
effects, including toxicity, non-biodegradation, bioaccumu-
lation, bio-transportation, carcinogenesis and quick spread 
to large area [1]. Ni(II), Zn(II), Ag(II), Pb(II), Fe(II), Cr(III), 
Cu(II) and Cd(II) are the main heavy metals in industrial 
wastewater effluent. However, Cu(II) is present in high 
concentrations in wastewater due to its wide application 
in various industries such as metal finishing, electroplat-
ing, plastics, and etching [2]. Although Cu(II) is an essen-
tial trace element that is essential for body metabolism in 
low amounts, exposure to its high amount could lead to 

serious diseases, especially in children [1]. United State 
Environmental Protection Agency (USEPA) and World 
Health Organization (WHO) have recommended the Cu(II) 
content in drinking water less than 1.3 and 2 mg/L, respec-
tively [2]. Therefore, the separation and removal of copper 
ions as an important contaminant from water sources using 
effective procedures are needed to provide safe water [3].

Different methods have been utilized for removal of 
heavy metals including chemical precipitation, membrane 
filtration, ion exchange, electrolysis and adsorption. The 
application of each method could be restricted by several 
drawbacks such as secondary contamination, limited pro-
cessing capacity, high cost, poor selectivity, and high energy 
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consumption. Affordability and selectivity problems are 
also present in a low-cost, pollution-free technology now 
under development [4]. Compared to other methods, 
adsorption is more cost-effective and environment-friendly 
[5]. Currently available adsorbents include bio sorbents 
generated from renewable natural sources as well as dif-
ferent modified forms are developed for removal of heavy 
metal ions [6]. Chitosan (CS) and its derivatives as bio sor-
bent have high potential applications in the areas of envi-
ronmental biotechnology due to the existence of various 
functional groups such as amino-acetamido groups, and 
primary and secondary hydroxyl groups which enhance 
the adsorption ability [7]. Chemical modifications are the 
principle approach that could be used to enhance the CS 
inhibitory effectiveness. For this aim amino groups of 
CS are combined with aldehyde derivatives to produce 
imines [8]. In the reaction between chitosan and aromatic 
aldehydes in an acetic acid medium, the reaction leads 
to the preparation of Schiff bases, Schiff base molecules 
that include an imine group (–RC=N–) [9].

Ion printing has attracted the attention of researchers 
because of its ability to have greater adsorption capacity 
and selectivity for metal ions. Different metal ions includ-
ing zinc, copper, nickel, lead, dysprosium, etc. have been 
investigated for the imprinting process [9]. In the ion-im-
printed polymers (IIPs) process, ions are used as templates 
to provide the particular recognition between template 
ions and functional monomers via electrostatic or coordi-
nation interactions. After cross-linking polymerization, the 
imprinted ions are eluted from the polymer with keeping its 
structure. Therefore, three-dimensional cavities with fixed 
size and shape will be produced that provide the selectiv-
ity removal of ions by the adsorbent [10]. This work aims 
to modify chitosan extracted from shrimp shells through 
reaction with 4-florobenzaldehyde to form high active 
imine as a strong sorbent in order to quickly take Cu(II) 
ions from an aqueous solution using small quantities. This 
work also covers the state-of-the-art in ion-imprinted tech-
nology, which has been accomplished either via the usage of 
the cross-linked imine with Cu(II) imprinting done through 
bulk polymerization. The operational parameters includ-
ing contact time, initial Cu(II) concentration, pH, adsor-
bent dosage, and temperature were evaluated. Besides, bio 
sorbents were characterized by Fourier-transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM), 
energy-dispersive X-ray (EDX), X-ray powder diffraction 
(XRD), transmission electron microscopy (TEM), and nuclear 
magnetic resonance (NMR) techniques.

2. Material and methods

2.1. Reagents

Chitosan (CS) (with DDA 69% from IR chart, M.W.: 
15 kDa), 4-fluorobenzaldehyde (4-(F)C6H4CHO, CAS-Nr.: 
459-57-4, M.W.: 124.11 g/mol), epichlorohydrin (EPI) 
(C3H5ClO, CAS-Nr: 106-89-8, M.W.: 92.53 g/mol), methanol 
(CH3OH, CAS-Nr: 67-56-1, M.W.: 32.04 g/mol), sodium trip-
olyphosphate (TPP) (Na5P3O10, CAS-Nr: 7758-29-4, M.W.: 
367.864 g/mol), sodium hydroxide 1 N (NaOH, CAS-Nr: 
1310-73-2, M.W.: 39.9971 g/mol), hydrogen chloride 1 N 
(HCl, CAS-Nr: 7647-01-0, M.W.: 36.46 g/mol), acetic acid 

(CH3COOH, CAS-Nr: 64-19-7, M.W.: 60.052 g/mol), cop-
per(II) sulfate hexahydrate (CuSO4·6H2O, CAS-Nr: 7758-
99-8, M.W.: 267.7 g/mol), ethylenediaminetetraacetic acid 
(EDTA) (C10H16N2O8, CAS-Nr: 6381-92-6, M.W.: 292.244 g/
mol) were purchased from BDH Middle East LLC (BDH), 
Merck, Sigma-Aldrich, and Scharlau Companies.

2.2. Chitosan extracted from shrimp shell

The chitosan was extracted using demineraliza-
tion, deproteination, and deacetylation techniques. For 
this purpose, the shrimp shells were cleaned, dried, and 
crushed. Subsequently, it dissolved in hot water contain-
ing 4% (w/v) sodium hydroxide to dissolve proteins and 
sugars. The shell demineralization was conducted using 
1% HCl for 24 h.

Finally, NaOH (50%) was added to the prepared mix-
ture, and heated at 100°C for 2 h to finish the reaction pro-
cess. The as-prepared sample was rinsed with tap water 
and distilled water to neutralize it and was dried in a 
vacuum oven at 60°C for 4–6 h [1,2].

2.3. Chitosan-Schiff base synthesis (imine)

The chitosan-Schiff base was produce according to 
the Vadivel et al. [3]. Briefly, 1.0 g chitosan powder was 
dissolved in 25 mL ethanol with 3 drops of acetic acid 
and vigorously stirred (sample A). Additionally, 4-fluo-
robenzaldehyde (0.87 g) was dissolved in 25 mL ethanol 
(sample B). Then sample B was added to sample A, agi-
tated for 30 min and heated for 12 h in a 60°C under water 
bath. Finally, the obtained yellow product was filtered 
and dried after being rinsed with ethanol (3-(4-fluoroben-
zylidene)amino)-6-(hydroxymethyl)-2-methoxy-5-methylte
trahydro-2H-pyran-4-ol).

2.4. Cu(II) ion imprint polymer synthesis

The bulk polymerization approach has been applied 
in to generation of the Cu(II)-IIP. The polymer was synthe-
sized in three steps with some modifications [4,5]. (i) 0.5 g 
imine with 10 mL D.W. and a few drops of CH3COOH were 
mixed, then 5 mL CuSO4·5H2O (5,000 mg/L) was added 
to the mixture and stirred for 1 h at 30°C. (ii) The pH of 
as-prepared sample was adjusted to 7.0. Then, 1.0 mL epi-
chlorohydrin (cross-linking reagent), 2.0 g of yeast, 10 mL 
TPP (2.5%), and 20 mL D.W. were added to the as-pre-
pared sample and re fluxed at 170°C for 18 h to produce 
the cross-linking reagent. Finally, the obtained polymer 
was filtered and washed many times with D.W. (iii) The 
Cu(II) ions present in the polymer network were eluted 
by 60 mL EDTA (0.1 M) at room temperature. The adsor-
bent was immersed in NaOH (0.1 M) for 1 h and washed 
many times with D.W. and acetone to remove the remain-
ing epichlorohydrin. Finally, the obtained adsorbent was 
filtered and dried using the oven at 60°C.

2.5. Characterization of imine and Cu(II)-ion-imprinted polymer

The XRD analysis was utilized to determine the crystal 
structure and purity of adsorbents using Cu Kα radiation 
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(λ = 1.54 Å) at 2θ angle configuration scanning from 20° 
to 80°, with an applied current of 40 mA and a voltage of 
45 kV. FTIR spectroscopy (Shimadzu IRAffinity-I FTIR) was 
used to evaluate the surface adsorption of functional groups 
(biomolecules) in the wavelength range of 400–4,000 cm–1. 
Surface shape, morphology, and elemental composition of 
materials were studied using SEM (SEM Compact 6073) and 
EDX (Merlin Compact 6073) (Carl Zeiss, Germany) analy-
ses. The size and morphology of the synthesized adsorbents 
were observed using the TEM (FEI Tecnai G2 F20). Finally, 
1H NMR (Bruker, AVANCE NEO 400 MHz) spectrometer 
was applied to examine the structure of molecules.

2.6. Adsorption procedure

The batch experiment was conducted as follows: sor-
bent dosage (10, 15, 20, 25, and 30 mg), pH (3–11), initial ion 
concentration (5–50 mg/L), contact time (0–24 h), and tem-
perature (10°C–45°C). The 0.02 g adsorbents were added 
to solution content 10 mL of Cu(II), then stirred at room 
temperature. The residual concentration of Cu ion was 
determined using flame atomic absorption spectroscopy at 
324.8 nm with a spectral bandwidth of 0.5 nm. The adsorp-
tion capacity was calculated according to Eq. (1):
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where qe (mg/g) ions is equilibrium capacity, Ci (mg/L) and 
Ce (mg/L) are the initial and equilibrium concentration of 
metal ions, respectively. V (L) is the volume of solution, 
and the M (g) is the mass of the adsorbent. The selectivity 
of the adsorbent was evaluated by distribution coefficient 
according to Eq. (2):
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where Kd (mg/L) is the distribution coefficient. The selec-
tivity coefficient for the binding of a Cu(II) ions in the 
presence of competing species may be calculated using 
equilibrium binding data [Eq. (3)] [4].
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where K denotes the selectivity coefficient and the metal 
ion denotes competing metals. When there are additional 
metals in the solution, they compete with each other in the 
adsorption process. K indicates Cu(II) ion adsorption selec-
tivity. The higher value of K indicates the better the Cu(II) 
ions adsorption. Different isotherms including Freundlich, 
Langmuir and Temkin were used to investigate the 
mechanism of the adsorption process [6].

The Langmuir formula can be written with a linear 
form Eq. (4):

C
q q K

C
q

e

e m

e

m

� �
1

1

 (4)

where qm is maximum capacity (mg/g). KL is the Langmuir 
adsorption equilibrium constant (L/mg), which may be 
related to changes in the reasonably normal and porosity of 
the adsorbent that would lead to a higher adsorption abil-
ity for a bigger surface area and porous volume. In describ-
ing the basic characteristics of the Langmuir isotherm, the 
separation factor RL, a dimensionless constant as illustrate 
in Eq. (5):
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where RL is the separation factor. RL reveals data about the 
nature of adsorption: unfavorable (RL > 1), linear (RL = 1), 
when, favorable (0 < RL > 1), and irreversible (RL = 0). 
The linear form of the Freundlich isotherm is as Eq. (6):
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where Kf denotes adsorption capacity (L/mg) and 1/n 
representative adsorption intensity; it also denotes the 
energy distribution and adsorbate site heterogeneity.

Linear forms of the Temkin isotherm may be 
expressed by the following Eq. (7):

q a b Ce t t e� � 2 303. log  (7)

The Temkin constant (bt) is related to the heat of sorp-
tion (J/mol) and the Temkin isotherm constant (at) (L/g).

The adsorption behavior during biosorption was 
investigated using a quasi-first-order kinetic model and a 
quasi-second-order kinetic model in this research [4].

Eq. (8) is quasi-first-order model:
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Quasi-second-order model as explain by linear form 
Eq. (9):
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where K1 is the quasi-first-order kinetic adsorption rate 
constant (1/min) and K2 is the quasi-second-order kinetic 
adsorption rate constant (g/mg·min).

2.7. Real sample preparation

The efficiency of the imine and Cu(II)-IIP were evalu-
ated with the determination of Cu(II) ion in some supple-
ments. For this purpose, two types of supplements used 
by bodybuilders were evaluated. Firstly, heavy metals 
were digested using 1:3 HClO3 and HNO3, diluted with 
10 mL D.W. and transferred into a tube containing adsor-
bent (0.02 g). The mixture was stirred in the thermostat 
water bath under optimum conditions. The adsorption and 
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recovery experiments were conducted for supplements 
by imine and Cu(II)-IIP.

3. Results and discussion

3.1. Characterization

3.1.1. Fourier-transform infrared spectroscopy

Fig. 1 shows the FTIR spectra of chitosan, imine and 
Cu(II)-IIP; the stretch of the OH and NH2 functional groups 
is attributed to the wide peak at 3,570–3,330 cm–1, whereas 
the stretching vibration of the (CH) group of the CS back-
bone is assigned to the peak at 2,885 cm–1. The peaks asso-
ciated with the amide group was observed at 1,083; 1,150, 
and 1,028 cm–1 (stretching vibration C–N bond), 1,383 cm–1 
(stretching vibration C–O bond), and the absorption peak at 
1,659 cm–1 [7,8]. The high absorbance band at 1,649 cm–1 is 
caused by C=N vibration typical of imine produced among 
the amino group of CS and the carbonyl group of aldehyde. 
The free aldehyde group is condensed along with a pri-
mary amine in the basic of the chitosan monomer, which 
produces Schiff base, no peak was seen between 1,720 and 
1,740 cm–1 [3,9]. The FTIR results confirm cross-linked of 
Cu(II)-IIP with epichlorohydrin which has appeared in the 
peak of 1,255 cm–1 (C–O–C stretching) [7].

3.1.2. Scanning electron microscopy

The surface morphology of the adsorbents before and 
after adsorption was analyzed using the SEM. Results 
indicated the imine surface is rough and the small inter-
space structure to the metal in the solution may be readily 
absorbed by adsorbents (Fig. 2a). Results showed adsorp-
tion of Cu(II) by imine induce the dramatically changes of 
the adsorbent surface (Fig. 2b). Fig. 2c–e illustrate the SEM 
images of Cu(II)-IIP, polymer with copper (CuP) and non-im-
printed polymer (NIP) respectively. Fig. 2c shows the pres-
ence of lots of porous with interconnecting pores in their 
network because of leached of Cu(II) ion as the templates in 
the synthesis process [8]. Fig. 2d indicates the cross-section 

and porous structures of CuP surface, while Fig. 2e shows 
smooth and non-cavity surface of NIP network polymer.

3.1.3. Transmission electron microscopy

Fig. 2. SEM pictures of imine (a) Cu adsorbed imine (b), 
Cu(II)-IIP (c), CuP (d) and NIP (e).

Fig. 3 shows the morphology and microstructure of 
imine (Schiff base), eluted IIP-Cu, and CuP after adsorption 
process respectively. Result indicated modified chitosan 
with 4-fluorobenzaldehyde is rough, bulk, and interspace 
molecules structure (Fig. 3a). Fig. 3b indicates the cavi-
ties (150 and 200 nm) that form during fabricated modified 
natural polymer (CS) with a highly cross-linked structure. 
these cavities can chelate with Cu ion to form imprinted 
excellent selectivity of Cu. Fig. 3c shows Cu(II)-IIP after 
adsorption (150 and 350 nm) with small dark areas indicat-
ing the presence of Cu ions in the cavities [8,10].

3.1.4. Energy-dispersive X-ray

The element composition of imine (a), imine-Cu ion (b), 
Cu(II)-IIP (c), CuP (d), and NIP (e) was analyzed by EDX 
analysis (Fig. 4). Fig. 4a indicates EDX analysis of imine. 
Fig. 4b illustrates the imine-Cu ion which confirms Cu(II) 
is successfully put on the imine surface. Fig. 4c shows the 
non-attendance of the Cu(II) in EDX-spectra which con-
firms Cu is leached completely from the polymer network 
by EDTA. This phenomenon provides the proper cavities 
for the adsorption of Cu(II) in the Cu(II)-IIP adsorbent. 
Moreover, Fig. 4e illustrates the lack of metal in non-ionic 
imprinted matrix.

3.1.5. X-ray powder diffraction

Fig. 5 indicates the imine, imine-Cu, Cu(II)-IIP and 
IIP. Results showed that compared to the imine, the crys-
talline structure of imine-Cu significantly changed indi-
cating the adsorption behavior of the adsorbent caused 
by interaction between Cu(II) ion and –CH2OH binding 
site of chitosan [1,11,12]. While XRD analysis shows that 
there were no significant changes in peak locations, only 
an increase in intensity due to metal ion adsorption of ion 
imprinted net polymer, this indicates that the crystal struc-
ture of the net polymer was not destroyed after metal-ion 
adsorption (Fig. 5) [13].

3.1.6. Nuclear magnetic resonance

Fig. 6 shows the H NMR signal chemical shifts of the 
Schiff base – imine(3-((4-fluorobenzylidene)amino)-6-(hy-
droxymethyl)-2-methoxy-5-methyltetrahydro-2H-pyran-
4-ol) recorded in DMSO. The spectrum provides the 
following signals: phenyl as a multiplex at 6.8–8 δ, –N–CH2 
at (4.5 δ), and C–CH=N– proton at 9.8 mg/L. This shifted 
occurrence in the spectrum on account of the high elec-
tronegativity of fluoride in the aromatic ring [12,14].

3.2. Adsorption time – kinetic study

Fig. 7a shows that the Cu(II) ion adsorption on imine 
and Cu(II)-IIP sharply increased up to 50 min and then 
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Fig. 1. FTIR for chitosan, imine and Cu-IIP.
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Fig. 2. SEM images of imine (a), imine-Cu(II) ion (b), Cu(II)-IIP (c), CuP (d) and NIP (e).
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constant after 90 min (99%). This is due to an enormous 
number of specific active sites on the sorbent surface. 
Results also showed that the Cu(II) adsorption for Cu(II)-IIP 
(98.3%) is higher than imine (90) in 50 min. This is because 
of strong chelation and excellent affinity of Cu(II)-IIP sor-
bent were complementary in size and form toward a tem-
plate ion. Two main kinetic models of quasi-first-order and 
quasi-second-order were used to investigate the mechanism 
of the processes; the details of the calculation rate constant 
(k), adsorption capacity, and correlation coefficient (R2) are 
shown in the Table 1. Results indicated data are more fitted 
for quasi-second-order model compared to the quasi-first- 

order model. Obeyed the experimental data of the quasi- 
second-order represents the chemisorption phenomenon, 
this includes valence forces created by electron sharing or 
exchange between the sorbent and the sorbate (Fig. 7c and e).

3.3. Effect of adsorption conditions

3.3.1. Effect of pH

pH is the main parameter in the adsorption process. 
Fig. 8 shows the effect of pH on Cu(II) adsorption by imine 
and Cu(II)-IIP. Results indicated the highest adsorption for 

 

Fig. 3. TEM pictures of imine (a), Cu(II)-IIP (b) and CuP (c).
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Fig. 4. EDX of imine (a), imine-Cu(II) ion (b), Cu(II)-IIP (c), CuP (d), and NIP (e).
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imine occur between pH 8 and 9. This is an expected effect 
because hydrogen ions compete with metallic ions for 
active sites on the natural sorbent surface. Moreover, pro-
tonation of the amino groups could occur at acidic pH and 
generate positively charged sites of the amino group which 

causes a repulsive force between the copper and the adsor-
bent. In contrast, increasing the pH leads to the increment 
of negatively charged active sites of adsorbent, this pro-
cess enhanced the electrostatic attraction and improving 
the Cu(II) removal [15,16]. On the other hand, the removal 

Fig. 5. XRD pattern of imine and Cu(II)-IIP biopolymer before and after Cu(II) adsorption.

Fig. 6. H NMR for imine (3-((4-fluorobenzylidene)amino)-6-(hydroxymethyl)-2-methoxy 5-methyltetrahydro-2H-pyran-4-ol).
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efficiency was decreased at pH > 9 because metal cati ons 
will deposit in hydroxides form at pH > 9. Therefore, pH 8 
was chosen as the optimal [16]. Results showed the Cu(II) 
adsorption by Cu(II)-IIP is independent of pH and removal 
efficiency reached >97% in acidic, neutral, and basic condi-
tions [17].

3.3.2. Effect of metal concentration

Fig. 9 shows the effect of the initial concentration of cop-
per(II) (5–50 mg/L) on removal efficiency. Results showed 

that the removal efficiency slightly increased by raising 
the initial concentration of copper(II) up to 30 mg/L (97%) 
and then drops slightly and remains almost constant. This 
is because of an adequate amount of active sites to occupy 
Cu(II) ions which leads to high removal efficiency for at 
low Cu(II) concentrations (<30 mg/L). Moreover, the driving 
force at a high concentration of pollutants can play a signif-
icant role in more diffusion of Cu(II) in adsorbent structure 
through overcoming mass transfer resistances between the 
liquid and solid-phase [18]. Contrary at higher initial Cu(II) 
concentrations and the same adsorbent mass, a scarcity 

Fig. 7. Contact time (a), first-order imine-Cu(II) ion (b), second-order imine-Cu(II) ion (c) first-order Cu-IIP (d) and second-order 
Cu-IIP (e) models.

Table 1
Kinetic study parameters of imine-Cu(II) ions and Cu(II)-IIP first-order and second-order

Adsorbents qe (mg/g) Quasi-first-order kinetic Quasi-second-order kinetic

qcal (mg/g) K × 10–2 (min–1) R2 qcal (mg/g) K × 10–5 (g/mg·min) R2

Imine 10 3.4 4.0 0.832 10 5.0 1
Cu(II)-IIP 9.9 3.33 6.19 0.928 10 5.0 0.999
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of adsorption sites may develop, resulting in a decrease 
in removal effectiveness [8]. In addition, Cu(II) precipita-
tion can occur at high concentrations under alkaline condi-
tions, leading to a decrease in removal efficiency. However, 
as results indicated the removal efficiency for Cu(II)-IIP 
and even imine were slightly decreased. This phenomenon 
can be due to high capacity and sufficient active sites of 
adsorbent for removal of Cu(II) in 30 mg/L [18].

3.3.3. Effects of sorbent dose

Fig. 10 shows the effect of the sorbent dosage on Cu(II) 
using Schiff base and Cu(II)-IIP. Results indicated that 
the optimal sorbent dosage is 20 mg for both adsorbents 
and Cu(II) removal is 100% in the optimum condition. As 
Fig. 8 shows, the Cu(II) adsorption increases quickly with 
increases in the adsorbent dosage up to optimal dosage, 
and then removal efficiency is constant. This is due to an 
increase in the number of available active sites, which results 
in improved removal efficiency. The constant removal effi-
ciency for high adsorbent dosage is due to adsorption site 
overlaps caused by adsorbent particle overpopulation [8,19].

3.3.4. Temperature effects

Temperature is the principal parameter in the adsorp-
tion process that affects the mobility of molecules and ions 
in a solution. Because ion adsorption must be mobile in 

order to ‘collide/interact’ with the adsorbent and enhance 
adsorption process [20]. Fig. 11 shows the effect of tem-
perature (10°C–50°C) on Cu(II) adsorption by imine and 
IIP-Cu. Results indicated the maximum removal effi-
ciency (99%) of Cu(II) was obtained at 35°C. It could be 
concluded that the process is endothermic and rising tem-
peratures enhance the adsorption of copper ions by adsor-
bent [21]. Therefore, with further increase in temperature 
(>45°C), the Cu(II) adsorption decreases due to Thinning 
of the upper layer which leads to metal ion egress from the 
adsorbent surface to the solution, this is why the adsorp-
tion decreases as temperature increases [22].

Enthalpy change (ΔH°), Gibbs free energy change (ΔG°), 
and entropy change (ΔS°) are the thermodynamic param-
eters which employed to evaluate the spontaneity of the 
adsorption process. The following equations are used for 
calculating the thermodynamic parameters including ther-
modynamic equilibrium constant [Eq. (10)], standard Gibbs 
free energy ΔG° (kJ/mol), standard enthalpy change ΔH° (kJ/
mol), and standard entropy change ΔS° [Eqs. (11) and (12)] 
[23,24].

K
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Fig. 8. pH effect Cu(II) ion on imine and Cu(II)-IIP.

Fig. 9. Effect of initial concentration of Cu(II) ion on imine and 
Cu(II)-IIP.

Fig. 10. Effect of dosage of imine and Cu(II)-IIP on Cu(II) 
adsorption.

Fig. 11. Effect of temperature on Cu(II) ion adsorption by imine 
and Cu(II)-IIP.
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� � �G RT Kdln  (12)

where Kd the adsorption distribution constant, R, ideal gas 
constant (8.314 J/mol·K); T, absolute temperature (K). The 
slope and intercept of the linear plot of lnKd vs. 1/T were 
used to compute the ΔH and ΔS values, whereas the values 
of ΔG were determined using Eq. (12) [25]. Results indi-
cated the adsorption of Cu(II) by imine and Cu(II)-IIP was 
more favorable at higher temperatures, implying that the 
adsorption process is endothermic, as shown by the positive 
values of ΔH (Table 2). The results suggest that chemisorp-
tion might be dominant. Moreover, a positive value of ΔS 
implies a high degree of randomness at the interface between 
the solid and the solution. The negative values of ΔG indi-
cate that the adsorption of Cu(II) onto both biosorbents is 
spontaneous adsorption [24].

3.4. Isotherm models study

The equilibrium features for Cu(II) ions adsorption 
on imine and Cu(II)-IIP were calculated using Langmuir, 
Freundlich, and Temkin isotherms. Fig. 12 shows the linear 
regression of the Cu(II) adsorption isotherm models onto 
Schiff base and Cu(II)-IIP and Table 3 shows the factors and 
coefficients of correlation for Langmuir, Freundlich, and 
Temkin. Results indicated the Cu(II) adsorption by imine 
and Cu(II)-IIP correlated well (R2 > 0.99) with Langmuir 
isotherm suggesting the adsorption mechanism is mono-
layer. High adsorption ability can be illustrated by higher 
values of KL and R2 for Cu(II)-imine (0.9987 and 12.327 L/
mg) and Cu(II)-IIP polymer (0.9993 and 7.19 L/mg) indicat-
ing higher affinity between solute and adsorbent. Results 
also showed active sites are dealt with in a reasonably 
equal distribution on the surface and inside the adsorbent 
[4,25,26]. RL, separation factor is favorable for imine and 

Cu(II)-IIP toward Cu ion with range (0.0016–0.0159) and 
(0.0027–0.027) respectively.

3.5. Selectivity adsorption of Cu(II) ion

The selectivity adsorption of Cu(II) ion in the presence 
of different metals including Cu(II)/Fe(III), Cu(II)/Zn(II), 
Cu(II)/Co(II), Cu(II)/Cd(II), Cu(II)/Pb(II), Cu(II)/Ni(II) and 
Cu(II)/Cr(III) was investigated to assess the sensing of 
organic, imprinted metal frames. Both metal ions had the 
same concentration of 50 mg/L in their binary combina-
tion and 50 mg was utilized for sorbents. Selectivity factors 
include a coefficient of distribution (Kd) Eq. (2) and coefficient 
of selectivity (K) Eq. (3) [5]. Fig. 13 shows the removal per-
centage of Cu(II) with imine and Cu(II)-IIP in the presence 
of other ions. Table 4 indicates the selectivity coefficient (K) 
of Cu(II)/Fe(III), Cu(II)/Zn(II), Cu(II)/Co(II), Cu(II)/Cd(II), 
Cu(II)/Pb(II), Cu(II)/Ni(II) and Cu(II)/Cr(III) with imine 
and Cu(II)-IIP were significantly greater than one [27] It 

Table 2
Thermodynamic parameters (ΔG, ΔH, ΔS) studies for the 
adsorption of Cu(II) ions onto imine and Cu(II)-IIP polymer

Adsorbents T (K) ΔG (kJ/mol) ΔH (kJ/mol) ΔS (J/mol·K)

Imine

283 0.616

+117.04 +408.55
298 –5.74
308 –8.16
318 –4.28

IIP-Cu

283 –1.68

+175.93 +618.05
298 –5.89
308 –15.9
318 –1.86

Fig. 12. Adsorption Cu(II) on imine and Cu(II)-IIP, Langmuir, Freundlich and Temkin isotherm model.
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suggested that both organic–organic hybrid materials had 
higher sensing for Cu(II); this means that copper ions can 
be detected even in presence of other ions.

3.6. Desorption and reuse

Desorption and reused process are the main factors to 
evaluate the adsorbent’s ability and stability. Desorption 
and reused processes for imine and Cu(II)-IIP were con-
ducted with treating and dehydration of adsorbents using 
0.1 M EDTA. The adsorption/desorption tests were car-
ried out four times for imine and ten times for Cu(II)-IIP 
(Fig. 14). The findings revealed that the Cu(II)-IIP sorbent 
exhibited outstanding regeneration ability for Cu(II) with-
out substantially decreasing activity, with a recovery rate of 
more >90%. While, the efficiency of imine was significantly 
reduced for cycle 3 and cycle 4 to 66% and 33%, re spectively. 
The results suggested that Cu(II)-IIP has a better ability to 
reuse than the imine [4,9,28].

3.7. Comparison with another study

The adsorption capacity of imine used for removal of 
the ion Cu(II) was compared with the other adsorbents cited 

Table 3
Study of isotherm models correlation coefficients and constant for adsorption of Cu(II) on imine and Cu(II)-IIP

Adsorbent Langmuir Freundlich Temkin

Parameter Value Parameter Value Parameter Value

Imine (Schiff base)

qm 20.8 mg/g 1/n 0.2397 at 15.196
KL 12.327 Kf 13.38 bt 2.22
R2 0.9987 R2 0.8718 R2 0.927
RL (0.0016–0.0159)

Cu(II)-IIP

qm 22 mg/g 1/n 0.2791 at 14.400
KL 7.19 Kf 12.6 bt 2.832
R2 0.9993 R2 0.917 R2 0.8778
RL (0.0027–0.027)

Fig. 13. Removal efficiency of Cu(II) in presence of other metals on imine and Cu(II)-IIP.

Table 4
Removal percent and selectivity factors of Cu(II) ion on 
imine-Schiff base and Cu(II)-IIP

Ions Imine Cu(II)-IIP

% K % K

Cu 100 12.1 94 18.03
Fe 80 66
Cu 99.7 97 97.8 12.97
Zn 77.2 77.3
Cu 100 27 96.7 17.7
Co 64 62.6
Cu 99.6 64 96.1 23.2
Cd 91.7 61.5
Cu 99.2 267 95.8 33.9
Pb 33.3 40
Cu 100 11.1 95.6 3.846
Ni 82.8 85
Cu 99.5 612 98.7 159.8
Cr 2.26 4.5
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in the literature. Table 5 shows the data compiled in the 
adsorption capacities obtained from the Langmuir model.

3.8. Application of real sample

A real sample was selected to evaluate the adsor-
bent ability in real conditions. Table 6 represents the two 

samples that were spiked with Cu(II) ions to supplement 
tablets. After the batch experiment the recovery of Cu(II) 
ion in real and spiked samples varied in the range 97.82%–
99.80% ± 1.32 and 99.9%–100% ± 0.76 for III-Cu.

The results support the sensitivity and reliability of both 
adsorbents toward spike and non-spike for pre-concen-
tration and determination of Cu(II) ion in trace values.

4. Conclusions

As a result, a new imine-Schiff base and a Cu(II)-IIP 
specific to one element has been generated and character-
ized using a variety of techniques (FTIR, EDX, XRD, SEM, 
TEM, H NMR) for surface morphology and chemical prop-
erty. The research included investigating a variety of vari-
ables that influence adsorption rate to determine the optimal 
situation. The removal percent of Cu ion toward imine and 
Cu(II)-IIP were obtained 90% and 98%, respectively. Results 
illustrated Cu(II) adsorption by Cu(II)-IIP is independent 
pH. The kinetic and isotherms dada fitted well to sec-
ond-order reaction and Langmuir model with the maximum 
adsorption capacities of 20.8 mg/g for imine and 22 mg/g for 
Cu(II)-IIP at pH 8.0. Thermodynamic parameters (ΔG° < 0 
and ΔH° > 0) suggested a spontaneous and endothermic 
adsorption process. As a result, the selectivity coefficients 

Table 5
Adsorption capacity of various adsorbents for Cu(II) removal

Adsorbents Adsorption capacity (mg/g) References

Itaconic acid, ethylene glycol dimethacrylate, and 2,20-azobisisobutyronitrile 16.12 [29]
Methacrylic acid (MAA) and vinylpyridine (4-VP) 22.2

[30]
4-vinylpyridine and methacrylic acid 0.99

Dithizone, 3-aminopro pyltriethoxysilane
1.058 [31]
16.55 [32]

Chitosan cross-linked with Bisphenol A diglycidyl ether 17.539 [33]
Schiff base, 4-[(2-methoxybenzylidene)amino-2-phenyl] 5.64 [34]
Cryogels containing imidazole group 2.558 [35]
Imine-Schiff base 20.8 This work
Cu(II)-IIP 22.0 This work

Table 6
Determination of Cu(II) ion in some supplements and serums

Adsorbent Samples Amount added, μg/mL Amount found, μg/mL RSD Recovery, %

Imine

Beta-hydroxy beta-methylbu-
tyrate (HMB) supplement

0 15 ±1.2 –
30 44.8 ±0.4 99.55
50 64.3 ±0.8 98.9

Mv glutamine supplement
0 1 0 –
30 30.94 ±0.92 99.80
50 49.89 ±1.32 97.82

IIP-Cu

Beta-hydroxy beta-methylbu-
tyrate (HMB) supplement

0 15 0 –
30 44.99 ±0.76 99.9
50 64.97 0.54 99.95

Mv glutamine supplement
30 131 0 ± 0.001 –100
50 50.99 ±0.1 99.98

Fig. 14. Adsorption–desorption of Cu(II) by imine I and IIP-Cu.
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of all copper(II)/interfering ions are more than one, show-
ing that particular recognition sites for Cu(II) ions were cre-
ated during the imprinting process. The results showed that 
Cu(II)-IIP has a high ability for reuse after 10 consecutive 
runs indicating that this new polymer has good stability and 
regeneration property.
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