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ABSTRACT

It was carried out the synthesis of the Cu(II) ionic imprinted polymer (Cu(II)-IIP) material
of amino-silica hybrid via sol-gel process using a tetraethyl-orthosilicate precursor and an
active compound 3-aminopropyltrimetoxyslane. Adsorption process of Cu(II) ion on non-
imprinted ionic (NIP) material and Cu(II)-IIP follows pseudo-first-order kinetics model with
the value of adsorption rate constants (k1) 0.030 and 0.058 L/min and Langmuir adsorption
isotherm with the value of adsorption capacity 29.556 and 71.400mg/g, respectively.
Adsorption competition data in ion pair solution of Cu(II)/Ag(I), Cu(II)/Zn(II), Cu(II)/Ni
(II), and Cu(II)/Cd(II) showed that the Cu(II)-IIP adsorbent was more selective than NIP
with value of selectivity coefficient (α) > 1. A tendency of metal ion adsorbed in multi-metal
solution follows this order: Ca(II) < Cd(II) < Ni(II) < Zn(II) < Ag(I) < Cu(II). The Cu(II)-IIP is
stable chemically and it can be reused for adsorption of Cu(II) ion in solution without
reduction of its capacity.
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1. Introduction

Environmental pollution by heavy metals derived
from human activities from industry, mining, and
metallurgy gives negative effects on ecosystem and
human living. This is caused by heavy metal charac-
teristics which could not be degraded in environment
and could be harmful to a variety of living species.
Besides their toxic and harmful effects to organisms
living in water, heavy metals also accumulate
throughout the food chain, and may eventually affect
human beings [1,2].

One of heavy metals which are essential needed by
human beings is Cu metal. Cu metal is needed by
human beings for Fe metabolism in hemoglobin, but
in high concentration, it will be toxic and accumulate
in the human body. For these reasons, some works
were performed to reduce the existence of heavy met-
als in environment, especially Cu metal. Several
researches were carried out to minimize spreading out
of Cu metal in environment with development of an
adsorbent to adsorb Cu metal in solution [2–5].

One of selective adsorbent synthesis techniques
which are more developed is an ionic imprinting
technique. This technique can be used to separate
selectivity and to preconcentrate trace metals. The
main application of the ionic imprinting polymer is*Corresponding author.
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preconcentration through a solid-phase extraction
(SPE) process from analyte which exist in trace con-
centration and separation from other analytes which
are exist together or complex matrix, resulting
selectivity upon analyte of clean-up process in the
environment that cannot be reached by a conven-
tional method [6]. The ionic imprinting technique can
raise the selectivity because metal ions can play a
role as a template forming polymer through the
imprinting technique [7–10]. In addition, a cost of the
ionic imprinted polymer (IIP) material is relatively
low and it can be kept at room temperature for a
long time.

Several researches have been done to produce a
selective ionic imprinted material upon adsorption of
Cu(II) ion in aqueous solution in a preconcentration
and a separation process such as ion-imprinted poly-
mer based on salen-Cu complex [11], Double-imprinted
polymer [12], Cu(II)-imprinted polymethacrylic
microbeads [13], copper-imprinted porous polymer
microbead [14], Cu2+-imprinted microporous polymer
particle [15], chitosan/Sargassum sp. composite by an
innovative ion-imprinted technology [16].

In this research, it has been performed simulta-
neously the synthesis of ionic Cu(II)-imprinted mate-
rial derived from an amino-silica hybrid through a
sol-gel process using a tetraethyl-orthosilicate (TEOS)
precursor. A simultaneous process of sol gel and an
ionic imprinting was performed to obtain more homo-
geneous ionic imprinted material in preparing optimal
ionic imprinted cavities [17,18]. In addition, the ionic
imprinted material obtained will have high-adsorption
selectivity and capacity against a target metal ion. The
functional group immobilized on silica gel was –NH2

from an active compound of 3-aminopropyltrime-
thoxysilane (APS). The addition of an amine group is
expected to increase a silica capacity on adsorbing
metal ion because N atom on the amine group is good
electron donor (ligand) to interact with Cu(II) ion. The
material produced used as selective adsorbent of Cu
(II) ion in mono and multi-metal solution through ser-
ies of adsorption process as well as chemical stability
test and reusability of the adsorbent.

2. Experimental methods

2.1. Materials

APS is obtained from Aldrich. The TEOS, ethanol,
CdCl2∙H2O, ZnCl2, NiCl2∙6H2O, CuCl2∙2H2O, CaCl2,
AgCl, Na2EDTA, KNO3, HONH2HCl, CH3COOH, and
HNO3 used are commercial products of Merck,
Germany. NaOH, HCl, and NH4OH were purchased
from Alba Chemical.

2.2. Synthesis of Cu(II) IIP from amino-silica hybrid

The synthesis of Cu(II) IIP with the active com-
pound of APS, the solution which will be interacted
was divided into two parts, namely, solution A and
solution B. The solution A was prepared by adding
two drops of HCl until pH of 2 to a mixture of 5mL
TEOS and 5mL water in plastic container and stirring
with magnetic stirrer for 30min. The solution B was
prepared by dissolving 0.17048 g CuCl2∙2H2O and in
5mL ethanol, then added 1mL 3-APS. Solution A and
B were mixed by stirring using a magnetic stirrer for
30min. A gel formed was kept for a night and rinsed
with a mixture of water–ethanol 60/40% (v/v) fol-
lowed soaked with 0.1M Na2EDTA solution for 24 h
and followed stirring with 0.5M HCl for 30min. Fur-
ther, the material obtained was dried in an oven
(Fisher Scientific) for 6 h at temperature of 60˚C. The
resulted material was ground and sieved, of 200 mesh
size selected as experimental material. NIP was also
prepared under similar experimental conditions with-
out adding CuCl2∙2H2O.

The material was characterized with infrared (IR)
spectroscopy (Prestige—21 Shimadzu, Made in Japan).
Data of N2 gas adsorption-desorption isotherms were
obtained using a surface area analyzer Quantachrome
Nova 1200e, and pore size distributions were calculated
using the Barret–Joyner–Halenda model on the adsorp-
tion branch. The metal solution was analyzed using an
atomic absorption spectrophotometer (AAS; Model Per-
kins Elmer 3110, Made in USA). A scanning electron
microscopy (SEM) and energy-dispersive X-ray analysis
(EDX) (JSM) 6360 LA) were used for identification of
surface morphology and element composition.

2.3. Sorption experiment

The effect of pH on the sorption of Cu(II) was tested
by mixing 50mg of the prepared material and 20mL
100mg/L Cu(II) in buffer solution at various pH for 1
h. Adsorption kinetics of Cu(II) on the prepared materi-
als were performed in similar way as previous interac-
tion at pH optimum and various contact times.

The adsorption capacity, the distribution ratio, the
selectivity coefficient, and the relative selectivity coeffi-
cient were calculated using the following equations:

q ¼ ðCo � CeÞV=W (1)

D ¼ q=Ce (2)

aM1M2 ¼ DCu=DM (3)

ar ¼ ai=an (4)
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where q represent the adsorbed metal ion (mg/g), Co

and Ce represent the initial and final concentration of
metal ions (mmol/L), respectively, W is the mass of
adsorbent (g), V is the volume of metal ion solution
(L), D is the distribution ratio (L/g), α is the selectivity
coefficient, DCu and DM represent the distribution
ratios of Cu(II) to Ni(II), Cd(II), Zn(II), or Ag(I). αr is
the relative selectivity coefficient, αi and αn represent
the selectivity factor of imprinted adsorbent and NIP,
respectively.

The adsorption rate was determined based on
kinetic pseudo-first-order (Eqs. (5) and (6)) and
pseudo-second-order (Eqs. (7) and (8)). Evaluation of
these kinetics models was performed using Eqs. (9)
and (10). Similar work was carried out by varying the
concentrations of Cu(II) to determine the adsorption
capacity calculated using Freundlich and Langmuir
equation (Eqs. (11)–(14)).

Selectivity of adsorption was evaluated based on
the data of binary competitive metal ion adsorption
for Cu(II)/Cd(II), Cu(II)/Ni(II), Cu(II)/Zn(II), and Cu
(II)/Ag(I) in aqueous solution at pH of 6. The Cu(II)-
IIP adsorbent (50mg) was equilibrated with 20mL of
the buffer solution containing 0.5 mmol/L of Cu(II)
and 0.5mmol/L of Cd(II), Ni(II), Zn(II), and Ag(I).

Multi-metal adsorption–desorption was performed
using SPE column. The column and filter were cleaned
using water and alcohol 70%. An amount of 0.5 g
material was loaded into column and then flowed
with multi-metal solution containing each 0.5 mmol/L
of Cu(II), Cd(II), Ni(II), Zn(II), Ag(I), and Ca(II). The
volume of each stage was 10mL. The adsorbed metal
ions were eluted by water followed by Na2EDTA 0.1
M and HCl 0.5M solution.

2.4. Reusability

Metal ion adsorbed on material was released in a
batch system from material by stirring for 30min with
solution of 0.1M HCl and Na2EDTA 0.1M. After
washed with water up to neutral condition, the mate-
rial was reused to adsorb Cu(II) ion with batch
method up to nine times.

3. Results and discussion

3.1. Synthesis of Ionic imprinted polymer for Cu(II)

Preparation of the Cu(II)-IIP material was per-
formed through several steps. First step is a complex
formation between Cu(II) ion and APS in ethanol. Sec-
ond step is a silica net formation from TEOS precursor

to produce Cu(II)-amino polymer. The last step is a
releasing of Cu(II) ion as a template of polymer to
form ionic imprinted cavities. The reaction mechanism
model proposed in the synthesis of Cu(II)-IIP from
amino-silica hybrid is displayed in Fig. 1.

3.2. Characterization of the adsorbents

Fig. 2 describes an IR spectrum of silica gel (SG),
NIP, polymer adsorbing copper (Cu-P), and Cu(II)-IIP
sorbent. From this figure, the bands around 1,087.85 and
964.41 l/cm represent stretching vibration of Si–O–Si
and Si–OH, respectively. The bands at 794.67 and
470.63 l/cm were predicted from vibration of Si–O. The
characteristic differences between SG and Cu(II)-IIP,
Cu-P and Cu(II)-IIP materials were presented by
appearing the new band at 2,939.52 l/cm which is a
representation of stretching vibration of CH2 and band
characteristic of –NH2 at 1,640–1,550 l/cm [19–21], and
at 3,448.72 l/cm derived from asymmetric vibration –
NH2 [22]. These facts prove that the immobilization of
amino group in NIP, Cu-P, and Cu(II)-IIP has occurred.

Surface areas for NIP and Cu(II)-IIP were deter-
mined through BET equation and the results obtained
were 87.873 and 38.536m2/g, respectively. These val-
ues are lower than SG (199.801m2/g). The decreasing
of surface area after incorporation of organic groups
can be easily explained due to the fact that presence
of pendant group blocks partially the adsorption of
nitrogen molecules on the surface, resulting in a
decreasing of surface area [23,24].

The nitrogen adsorption–desorption isotherms for
NIP and Cu(II)-IIP are shown in Fig. 3. For the NIP
and the Cu(II)-IIP, the isotherms are type IV according
to the IUPAC classification and have a H1 hysteresis
loop representing mesopores. For all isotherms, the
adsorbate volumes increase sharply upon (P/Po) at
around 0.6 showing nitrogen caviler condensation in
orderly mesoporous structures. Hysteresis loop at Cu
(II)-IIP is weaker than NIP because of decreasing of
porous volume after functionalization and ionic
imprinting process [24,25].

SEM–EDX analysis result of NIP, Cu-P, and
Cu(II)-IIP (Fig. 4) shows that surface morphology of
Cu-P (Fig. 4(b)) appears brightest than surface mor-
phology of NIP (Fig. 4(a)) and Cu(II)-IIP (Fig. 4(c)). This
is caused on Cu-P existed Cu ion producing brighter
color because of higher accelerating (high atomic num-
ber of Cu) on Cu-P material. This fact was supported
by EDX spectrum on NIP material (Fig. 4(d)) showing
only existence of silica, carbon, nitrogen, and oxygen.
While, in Fig. 4(e) for Cu-P, besides the elements of
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silica, carbon, nitrogen, and oxygen, the spectrum
shows the existence of Cu which is metal ion used as
template. Cu(II) ion will be released to produce ionic
imprinted cavities on Cu(II)-IIP (Fig. 4(f)).

3.3. Parameters influencing adsorption

Interaction between metal ion (adsorbate) and
adsorbent on adsorption process is influenced by
several factors such as adsorbent dose, system pH,

Fig. 1. Mechanism of Cu(II)-IIP synthesis proposed.
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Fig. 2. IR spectrum of (a) silica (SG) from TEOS; (b) NIP; (c) CuP; and (d) Cu(II)-IIP.
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Fig. 3. Nitrogen adsorption–desorption isotherms of (a) NIP and (b) Cu(II)-IIP.
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interaction time, metal ion concentration, and temper-
ature. Effect of these parameters on adsorption of Cu
(II) ion by NIP and Cu(II)-IIP can be seen in Fig. 5.

3.3.1. Effect of adsorbent dose

To investigate the effect of adsorbent dose, an
amount of NIP adsorbent and Cu(II)-IIP (10–50mg)
was interacted with 20mL of 100mg/L Cu(II) ion solu-
tion. It can be seen in Fig. 5(a), Cu(II) ion adsorption

raised with increasing of adsorbent dose and reached
to plateau at the appropriate dose of 50mg adsorbent.
This fact shows that addition of adsorbent dose
increases amount of metal ion adsorbed.

3.3.2. Effect of pH

The effect of pH was studied by interacting Cu(II)
ion with the NIP and Cu(II)-IIP in batch system at vari-
ous pHs (3–8) (Fig. 5(b)). At low pH (pH 3.0), the Cu(II)

Fig. 4. SEM of (a) NIP, (b) Cu-P, (c) Cu(II)-IIP and EDX spectrum of (d) NIP, (e) Cu-P, and (f) Cu(II)-IIP.
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was adsorbed very small. At this acid condition, amine
group (–NH2) is protonated to be NH3

+ so that the
interaction between Cu(II) ion and active sites on the
adsorbent tends to be rejected electrostatically
causing weak bonding between the Cu(II) ion and
adsorbent [26].

At pH 6, the adsorption process of Cu(II) ion
adsorption on the NIP and the Cu(II)-IIP reaches opti-
mum condition because the active sites on the material
(–NH2 group) are in the neutral condition. Therefore
at this condition, the adsorbent can play role as
electron pair donor and result interaction between the
Cu(II) ion and adsorbent active sites. At pH 7, Cu(II)

ion concentration adsorbed starts to decrease because
the ion starts to precipitate as Cu(OH)2 causing
decreasing of Cu(II) ion in solution. In this condition,
the precipitation process is more dominant than the
adsorption process [12].

3.3.3. Effect of interaction time

In this research, it was studied effect of the interac-
tion time on Cu(II) ion and Cu(II)-IIP compared with
NIP material to investigate an optimum interaction
time (Fig. 5(c)). In Fig. 5(c), it can be seen that gener-
ally, Cu(II) ion adsorption on Cu(II)-IIP runs relatively
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ion, and (e) temperature toward sorption of Cu(II) on NIP and Cu(II)-IIP; sample volume of 20mL.
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quick. At first 15min, the adsorption increases very
sharply. After second 15min, the adsorption runs
slowly and it is constant at interaction time of 60min.
At this 60min of interaction time, it occurred equilib-
rium and increasing of interaction time does not give
increasing of Cu(II) ion amount adsorbed significantly.

3.3.4. Effect of metal ion concentration

Fig. 5(d) shows Cu(II) ion adsorption isotherm
model on Cu(II)-IIP with various initial concentrations.
From the data obtained in this figure, it can be
observed that Cu(II) ion adsorption increases with
raising of metal ion concentration and at high-relative
concentration, increasing of metal ion concentration is
not followed with increasing of Cu(II) ion adsorption
on Cu(II)-IIP significantly. These facts show that at
high-relative concentration, Cu(II)-IIP active sites have
been too full and their adsorption capacity has been
maximum.

3.3.5. Effect of temperature

In Fig. 5(e), it can be seen that percentage of Cu(II)
ion adsorbed by NIP and Cu(II)-IIP decreases with
increasing of temperature from 298 to 309 K. It can be
observed in generally from Fig. 5(e), percentage of
metal adsorbed (%) decrease with increasing tempera-
ture. This shows that the adsorption is not favorable
at higher temperature. This is possibly due to the exo-
thermic effect of the surroundings during the adsorp-
tion process.

3.4. Adsorption kinetics

Pre-equilibrium kinetic profiles were identified in
order to analyze the rate-limiting steps involved in the
processes of adsorption of Cu(II) ions on NIP and Cu
(II)-IIP. Pseudo-first and second-order models, the
kinetic of total Cu(II) adsorption by NIP and Cu(II)-IIP
(Fig. 6) was tested with respect to first-order model of
Lagergren (Eqs. (5) and (6)) and second-order model
(Eqs. (7) and (8)) [27,28]:

qe ¼ qeð1� e�k1tÞ (5)

logðqe � qtÞ ¼ log qe � k
1

2:303
t (6)

qt ¼ q2e k2t

1þ qek2t
(7)

t

qt
¼ 1

k2q2e
þ t

qe
(8)

where qt and qe (mg/g) are total Cu(II) ions adsorption
capacity at time t and at equilibrium, respectively, k1
and k2 are the first-order and second-order rate con-
stants, respectively. Table 1 shows total Cu(II) ions
adsorption rate constants (k1 and k2) and correlation
coefficients calculated using linearized plots of Eqs. (6)
and (8), respectively. These kinetics models were eval-
uated to determine the root mean squared error
(RMSE) and Chi-square test (χ2) [29,30] with these
equations below:

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

m� 2

� �Xm
i¼1

qi;exp � qi;cal
� �2s

(9)

v2 ¼
Xm
i¼1

ðqi;exp � qi;calÞ
qi;exp

2

(10)

where qi,exp and qi,cal were obtained from estimation
and experiment data via adsorption isotherm equa-
tion, m is the number of observation in the experimen-
tal isotherm.

Adsorption process of Cu(II) ion on NIP and
Cu(II)-IIP (Fig. 6 and Table 1) tends to follow the
pseudo-first-order kinetic model, showed with the
value of correlation coefficient (R2), RMSE, and χ2 which
are best fitted to pseudo-second-order kinetic model. A
smaller RMSE value indicates a better curve fitting,
moreover, if the data obtained from the model are close
to the experimental results, χ2 will be a small number
[30]. This fact proves that the adsorption process is very
determined by an adsorbate factor (Cu(II) ion), while
the adsorbent is a constant characteristic.

3.5. Adsorption of monometal

Data of Fig. 5(c) were evaluated using Freundlich
and Langmuir adsorption isotherm equation [31], as
well as using linear and non-linear parameters.
Freundlich equation is equation empirically based on
heterogeneous surface. General model linear and
non-linear of Freundlich equation (Eqs. (11) and (12))
as follow:

qe ¼ logKf C
1
n
e (11)
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log qe ¼ logKf þ 1

n
logCe (12)

with Kf is adsorption capacity factor, n is intensity
factor with the value around 1–10.

Langmuir isotherm stated that on adsorbent
surface, it is found a number of active sites which is
comparable with surface area. Langmuir equation
non-linear and linear (Eqs. (13) and (14)) are written
as follow:

qe ¼ qmKCe

1þ KCe
(13)

Ce

qe
¼ 1

qm
K þ Ce

qm
(14)

where Ce (mg/L) is metal ion solution equilibrium
concentration, qe (mol/g) is metal ion adsorption
capacity at equilibrium, qm is adsorption capacity of
adsorbent monolayer, and K is adsorption energy
constant.

Non-linear parameter in Freundlich and Langmuir
adsorption isotherm equation was applied in the
adsorption isotherm data obtained. These non-linear
procedures produce least squares or weighted least
squares estimates of the parameters of a non-linear
model. Correlation between qe and Ce from both the
adsorption isotherm models with non-linear and linear
model was displayed in Figs. 7 and 8. Analysis results
of adsorption isotherm parameters of Cu(II) ion
adsorption by NIP and Cu(II)-IIP were listed in
Table 2.

From Table 2, it can be known that adsorption iso-
therm model of Cu(II) ion on Cu(II)-IIP tends to fol-
low Langmuir isotherm model with value of
regression coefficient (R2) higher than Freundlich iso-
therm model. This fact was also supported by the
value of RMSE and χ2 on Langmuir isotherm lower
than Freundlich isotherm model. In this research,
metal ion concentration used is high enough, until
adsorption isotherm model fitted with the experiment
result is Langmuir adsorption isotherm model [31]. In
addition, it can be observed also that Langmuir
adsorption isotherm parameters of Cu(II) ion adsorp-
tion process by NIP and Cu(II)-IIP fit using non-linear
model. This case is shown with the value of RMSE
and χ2 of non-linear model smaller than the value of
RMSE and χ2 of linear model (Fig. 7).

Adsorption energy is determined based on Gibbs
free energy equation [29,32] as shown in Eq. (15):

Absorption energy ¼ DG� ads ¼ R� T ln K (15)

R2 = 0.99
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Fig. 6. Adsorption kinetic linear model of Cu(II) ion on NIP and Cu(II)-IIP (a) pseudo first order and (b) pseudo second
order.

Table 1
Adsorption kinetic constant of Cu(II) ion on NIP and Cu
(II)-IIP material, at pH of 6; Cu(II) initial concentration of
100mg/L; sample volume of 20mL; temperature of 27˚C

Parameters

Materials

NIP Cu(II)-IIP

Experiments qe,exp (mg/g) 27.576 35.455
Pseudo-first-order k1 (1/min) 0.030 0.058

qe,cal (mg/g) 28.085 34.248
R2 0.989 0.994
RMSE 0.024 0.016
χ2 0.004 0.002

Pseudo-second-order k2 (g/mgmin) 15.250 15.186
qe,cal (mg/g) 18.363 42.572
R2 0.879 0.936
RMSE 0.545 0.400
χ2 2.154 1.957
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with E is adsorption energy (kJ/mol), R is universal
gas constant (8.314 J/Kmol), T is temperature (Kelvin),
and K is adsorption equilibrium constant (Table 2).

Adsorption energy of Cu(II) ion on the NIP and
the Cu(II)-IIP at temperature of 300 K is each 21.603
and 22.054 kJ/mol. This adsorption energy value is too
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Fig. 7. Langmuir adsorption isotherm linear and non-linear model of Cu(II) ion on (a) NIP and (b) Cu(II)-IIP.
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Fig. 8. Freundlich adsorption isotherm linear and non-linear model of Cu(II) ion on (a) NIP and (b) Cu(II)-IIP.

Table 2
Freundlich and Langmuir adsorption isotherm parameters of Cu(II) ion on NIP and Cu(II)-IIP at pH of 6; sample volume
of 20mL; temperature of 27˚C

Parameters

Models

Linear Non-linear

NIP Cu(II)-IIP NIP Cu(II)-IIP

Adsorption isotherm
Freundlich Kf (mg/g) 5.442 6.734 2.643 3.642

n 3.031 1.727 3.830 2.517
R2 0.965 0.966 0.956 0.947
RMSE 3.421 5.036 5.350 8.144
χ2 3.847 3.969 4.319 4.548

Langmuir qm (m/g) 29.556 71.400 28.456 74.012
K × 103 (L/mol) 5.775 6.921 4.045 13.516
R2 0.988 0.978 0.998 0.997
RMSE 1.775 1.492 1.084 1.038
χ2 1.264 0.781 1.021 0.605
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low to be considered as chemical bonding energy, but
it is higher to be considered as physic induction [33].
Cu(II) ion interaction on the NIP and the Cu(II)-IIP
adsorbent is classified into weak interaction because
the lowest limit of chemical energy is 20 kJ/mol [34].
Thus, interaction among Cu(II) ions with NIP and Cu
(II)-IIP is grouped as physical process and it occurs
decreasing of randomness at solid/liquid interface
during the adsorption of metal ions on adsorbent sur-
face [35]. This shows that the adsorption process is
stable on solid–liquid interface [4].

If the adsorption capacity data of Cu(II) ion on the
Cu(II)-IIP is compared that reported in result of other
researches about Cu(II) IIP as listed in Table 3, it can
be seen that the Cu(II) adsorption capacity on the Cu
(II)-IIP resulted is relatively higher than on other
materials in adsorbing Cu(II) ion.

3.6. Competitive adsorption in ionic pairs and multi-metals

Competitive adsorption of Cu(II)/Cd(II), Cu(II)/Ni
(II), Cu(II)/Zn(II), and Cu(II)/Ag(I) binary mixture Cu
(II) ion was also investigated in a batch system.
Although these ions posses a similar ionic radii
(Ag(I) = 1.29, Cd(II) = 1.09, Zn(II) = 0.88, Cu(II) = 0.87,

and Ni = 0.83 Å) [36], the competitive adsorption
capacity of the Cu(II)-IIP for Cu(II) ion is higher than
the NIP (Table 4).

Multi-metal adsorption on the NIP and the
Cu(II)-IIP was performed by SPE column technique
with a flow rate around 0.32–0.35mL/min (Fig. 9).
The Cu(II)-IIP is more selective in separating Cu(II)
from the multi-metal mixtures of Cu(II), Cd(II), Ni(II),
Zn(II), Ag(I), and Ca(II) than the NIP (Fig. 8). On the
Cu(II)-IIP, it can be observed that order of adsorbed
metal ion tendency in the multi-metal solution follows
these orders: Ca(II) < Cd(II) < Ni(II) < Zn(II) < Ag(I)
< Cu(II).

Ag(I) is adsorbed relatively large but it is very
hard to be released from the NIP and the Cu(II)-IIP
(Fig. 9). Ag(I) ion is grouped as soft acid [36] and it
has ionic size difference which is relatively larger from
Cu(II) ion. In addition, it should not be adsorbed.
However, in water, Ag(I) ion is very weak in a
hydrate form and easy to interact with the active
groups present on the Cu(II)-IIP. The Cu(II) ion has
hydrate cation size of 1.96 Å. The existence of water
molecules on [Cu(H2O)6]

2+ decreases the interaction of
the Cu(II) ion with the active groups such as amine on
the Cu(II)-IIP [37].

Table 3
Adsorption capacity of Cu(II) on several Cu(II) ionic imprinted polymer materials

Materials Cu(II) adsorption capacity (mg/g) Refs.

Ion-imprinted polymer based on salen-Cu complex 7.220 [11]
Double-imprinted polymer chitosan-Cu2+ 45.350 [12]
Cu(II)(poly(EGDMA-MAH/Cu(II))) microbead 48.000 [15]
Cu(II)-ion imprinted polymer from amino-silica 71.400 This work

Table 4
Adsorption competition of Cu(II), Cd(II), NI(II), Zn(II), and Ag(I) on NIP and Cu(II)-IIP (pH of 6.0; sample volume of
20mL; temperature of 27˚C)

Ion metal pairs

Adsorbents

αr

Cu(II)-IIP NIP

D (L/g)

α

D (L/g)

αCu(II) M(II) Cu(II) M(II)

Cu(II)/Cd(II) 19.503 0.394 49.511 6.899 6.899 1.000 49.51
Cu(II)/Ni(II) 9.781 0.263 37.231 11.273 12.792 0.881 42.24
Cu(II)/Zn(II) 13.876 0.430 32.232 9.665 11.061 0.874 36.89
Cu(II)/Ag(I) 6.909 0.660 10.468 11.414 3.626 3.148 3.32
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3.7. Reusability

In order to study the reusing possibility, the mate-
rial was used for several times to examine its ability
in adsorbing experiment of Cu(II). The elution pro-
cesses were carried out by shaking of the material in
40mL of 0.1M HCl and 0.1M Na2EDTA, for 30min.
The results show that adsorption ability of material
decrease around 5% for five times toward first adsorp-
tion. Obviously, only very slight decrease of adsorp-
tion capacity occurred in recycling studies of the
prepared Cu(II)-IIP material.

4. Conclusions

The Cu(II)-IIP from amino-silica hybrid obtained
through simultaneous sol-gel process can be applied
in Cu(II) separation from the matrix of other metal
ions in solution, either as ionic pairs or multi-metal.
The Cu-IIP material has the adsorption capacity and
selectivity higher than the NIP material. The Cu-IIP
material is very stable in acid condition and stable
enough in neutral condition or rather base and it can
be reused for five times with the reduction of adsorp-
tion ability around 5%.

Acknowledgments

The authors would like to thank to the Directorate
of Research and Community Services, Directorate
General of Higher Education (DIKTI), Ministry of
National Education, Republic of Indonesia, for finan-
cial support of this research.

References

[1] R.J.E. Martins, R. Pardo, R.A.R. Boaventura, Cadmium
(II) and zinc(II) adsorption by the aquatic moss Fonti-
nalis antipyretica: Effect of temperature, pH and water
hardness, Water Res. 38(3) (2004) 693–699.

[2] T.Y. Kim, S.Y. Cho, S.J. Kim, Adsorption equilibrium
and kinetics of copper ions and phenol onto modified
adsorbents, Adsorption 17 (2011) 135–143.

[3] J. Chung, J. Chun, J. Lee, S.H. Lee, Y.J. Lee, S.W.
Hong, Sorption of Pb(II) and Cu(II) onto multi-amine
grafted mesoporous silica embedded with nano-mag-
netite: Effects of steric factors, J. Hazard. Mater. 239–
240 (2012) 183–191.

[4] A.Z.M. Badruddoza, A.S.H. Tay, P.Y. Tan, K. Hidajat,
M.S. Uddin, Carboxymethyl-β-cyclodextrin conjugated
magnetic nanoparticles as nano-adsorbents for
removal of copper ions: Synthesis and adsorption
studies, J. Hazard. Mater. 185 (2011) 1177–1186.

[5] Buhani, Suharso, Sumadi, Production of ionic
imprinted polymer from Nannochloropsis sp biomass
and its adsorption characteristics toward Cu(II) ion in
solutions, Asian J. Chem. 24(01) (2012) 133–140.

[6] P.T. Rao, S. Daniel, J.M. Gladis, Tailored materials for
preconcentration or separation of metals by ion-
imprinted polymers for solid-phase extraction
(IIP-SPE), Trends Anal. Chem. 23(1) (2004) 29–35.
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