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Abstract—Ion imprinted polymer (IIP) for copper was synthesized for selective extraction of copper from dif-
ferent samples for analysis using f lame atomic absorption spectrophotometry. In the synthesis of ion-
imprinted polymer Cu(II) ion (template), 2,2'-bibyridine (ligand) and 4-vinylpyridine (functional mono-
mer) which formed a complex through coordination with Cu(II) ion, ethylene glycol dimethacrylate (cross-
linker) and 2,2'-azobisisobutyronitrile (initiator) were used. The ion-imprinted polymer and non-imprinted
polymer (NIP) were synthesized via precipitation polymerization process. The synthesized polymers were
characterized using Fourier transform infrared spectroscopy and scanning electron microscopy. Variables
affecting the solid phase extraction of Cu(II) such as pH, initial Cu(II) concentration and time were studied
in batch experiments. Quantitative retention of Cu(II) on IIP was achieved at pH 7. The IIP selectivity for
copper ion extraction was higher as compared to NIP in the presence of other competing metal ions. The
method was successfully applied to the determination of copper in multivitamin tablet, various natural water
samples and industrial eff luent.
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Copper is a biogenic element playing an important
role in many biological processes such as blood forma-
tion, function of enzymes, photosynthesis and metab-
olism etc., but high levels of copper may cause prob-
lems like mucosal irritation, gastrointestinal disorders,
capillary damage, and necrotic changes in liver and
kidney [1‒3]. The acceptable concentration of copper
in coastal and estuarine water is 0.005 mg/L, as sug-
gested in European Community (EU) legislation. The
adult daily dose of copper for human beings is 2 mg,
but ecological effects are observed when it exceeds
0.2 mg/L [4]. Therefore, it is necessary to monitor
copper in environmental and biological samples up to
a microgram level. Important sources of copper in
sewage water are households (tap water systems and
food). Copper metal is used for drinking water pipes
which corrode and contribute to copper concentration
in wastewater from industries and residences [5].

The most widely used procedure for removal of
analytes of interest is solid phase extraction (SPE)
because of the advantages that it offers such as enrich-
ment of analytes, removal of components of matrix,
low consumption of reagents, simplicity and environ-
mental friendliness [6]. The main drawback of SPE
adsorbents is the lack of selectivity for metal ions, i.e.
interferences of other species. In order to alleviate this

effect, molecularly imprinted polymers (MIP) were
reported which possess high selectivity and affinity for
the template because of the synthetic recognition sites
[7, 8]. Based on the idea of MIP, Nishide et al. in 1976
introduced ion imprinted polymers which possess
selective sites for inorganic metal ions [9, 10]. Because
of the removal of template, binding cavities are formed
in the polymer material due to which IIP show high
selectivity, high adsorption capacity, low detection
limit and high sensitivity, stability, durability, low-cost
synthesis and high sample clean-up in complex matri-
ces [11‒13].

Generally, three steps are followed in the synthesis
of IIP. In the first step template is formed by complex-
ation of metal ion with ligand, in the second step
copolymerization reaction occurs between the mono-
mers in the presence of cross-linker and initiator
around the template, and finally, template is removed
from the polymer leaving behind imprinted cavities
that are of specific size and shape to the target metal
ion, which increases selectivity of the polymer for tar-
get metal ion over other interfering ions [14‒16].

The ligand, 2,2'-bipyridine (bipy), is a relatively
selective ligand for Cu(II) determination by spectro-
photometric method. The aim of the present study is
to prepare bipy-based imprinted polymer sorbent for
selective separation and preconcentration of Cu(II)1 The article is published in the original.
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from different matrices before its determination by
flame atomic absorption spectrometry (FAAS). In the
present work, copper-ion imprinted and non-
imprinted polymers were synthesized with precipita-
tion polymerization technique using Cu(II) as a metal
ion, bipy as ligand, 4-vinyl pyridine (4-VP) as a mono-
mer with a cross linker (ethylene glycol dimethacry-
late) and initiator (2,2'-azobisisobutyronitrile). Rec-
ognition activity and binding ability of the imprinted
material towards copper ion was investigated in batch
experiments.

EXPERIMENTAL

Reagents and materials. All reagents used were of
analytical grade or similar purity; Cu(NO3)2 · 3H2O,
2,2'-azobisisobutyronitrile (AIBN), ethylene glycol
dimethacrylate (EGDMA), 4-vinyl pyridine and 2,2'-
bipyridine were purchased from Merck (Darmstadt,
Germany) and used without further purification. The
standard solutions of metal ions for selectivity study
were prepared from their nitrate salts (Merck, Darm-
stadt, Germany). Standard solution (1000 μg/mL) of
Cu(II) was also purchased from Merck. HPLC grade
acetonitrile was purchased from BioM Laboratories
(Cerritos, USA).

Instrumentation. Flame atomic absorption spec-
trophotometer (Perkin Elmer model AA200, USA)
equipped with hollow cathode lamp (single element),
deuterium background correction at 324.7 nm and air-
acetylene f lame was used for determination of Cu(II).
For the analysis of samples, parameters recommended
by the manufacturer were used; pH meter (Model-422
WTW, Weilheim, Germany) was used for pH mea-
surements.

Synthesis of Cu(II) ion imprinted polymer. The pre-
cipitation polymerization method was used for prepa-
ration of Cu(II)-imprinted polymer. Synthesis of
imprinted polymer was achieved in two steps. In the
first step, 4-VP (4 mmol) and bipy (1 mmol) as a func-
tional monomer and ligand, respectively, were dis-
solved in acetonitrile (40 mL) as a porogen solvent fol-
lowed by the addition of Cu(NO3)2 · 3H2O (0.5 mmol)
as template metal ion to the solution, and the mixture
was stirred for 5 h at room temperature. In the second
step of polymerization, crosslinker EGDMA
(20 mmol) and initiator AIBN (0.4 mmol) were added
to the first-step mixture [16]. The polymerization
mixture was purged with nitrogen for 10 min to remove
oxygen (as it retards polymerization by trapping free
radicles). The reaction tube was sealed and heated
using water bath at 70°C for 12 h to complete thermal
polymerization process. The synthesized polymer was
washed for removal of unreacted materials with meth-
anol‒water (1 : 4, v/v). The imprint ion, Cu(II), was
leached with 0.5 M HNO3 solution and determined by
FAAS in the leachate. Leaching of copper from the
polymer was carried out till no Cu(II) ions were
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detected in the solution. After that the polymer parti-
cles were washed with distilled water until the pH of
wash solution became neutral. The resulting
imprinted polymer was dried at 70°C under vacuum in
oven. Non-imprinted polymer was prepared by fol-
lowing the same procedure without addition of Cu(II)
salt. The schematic presentation of the Cu(II)-
imprinted polymer synthesis is shown in Fig. 1.

Characterization of polymers (IIP and NIP). The
morphological features of IIP and NIP were observed
by scanning electron microscopy (SEM) using JSM-
5910, JEOL microscope Japan. The specimens for
SEM analysis were prepared by coating the samples as
a thin layer using double adhesive carbon tape over
aluminum stubs. The functional groups in the IIP and
NIP were confirmed from the infrared spectrum taken
from IR Prestigue–21, Shimadzu, Japan.

Batch solid phase extraction of Cu(II). In batch
experiments for extraction of Cu(II) from aqueous
solutions the synthesized ion imprinted polymer was
used as a sorbent. Ion imprinted polymer (10 mg) was
added into 10 mL flask containing 5 mg/L of Cu(II)
ion solution and pH was adjusted with Britton-Robin-
son buffer to 7 [17]. For binding/loading process it was
stirred for 15 min and then filtered. After that the
loaded polymer was suspended in 10 mL of 0.5 M
HNO3 as an eluent, stirred for 15 min and filtered. The
amount of Cu(II) ion was determined by FAAS in the
filtrate.

Extraction percent of copper was calculated by the
following equation:

where ci and cf are the copper ion concentrations
before and after extraction in the solution.

The sorption capacity (qe) was calculated as:

where m is the mass of IIP (mg) and V is volume of
solution (mL).

Sample preparation. Water samples such as well
water (Karak, Khyber Pakhtunkhwa, Pakistan), river
water (Kund Park, Khyber Pakhtunkhwa, Pakistan),
tap water (University of Peshawar Campus, Khyber
Pakhtunkhwa, Pakistan) and industrial eff luent water
(Hayatabad Industrial Estate, Khyber Pakhtunkhwa,
Pakistan) were filtered for removal of insoluble parti-
cles through 0.2 μm cellulose acetate membrane. The
pH of all water samples was adjusted to 7 and copper
was determined according to the given extraction pro-
cedure.

Multivitamin supplement tablets (Alive-Plus) were
purchased from local market. One tablet was digested
on a hot plate with 10 mL of concentrated HNO3.
After digestion the solution was diluted to 25 mL with
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Fig. 1. Synthesis of Cu(II)-ion imprinted polymer.
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deionized water and filtered. One mL of the sample
solution was taken, pH was adjusted to 7 and copper
was determined according to the extraction procedure.

Selectivity study. Competitive binding of divalent
metal ions such as Ca(II), Mg(II), Ni(II), Co(II),
Cd(II), Pb(II), Fe(II) and Zn(II) along with Cu(II)
was studied in batch experiments for IIP. A binary
mixture (pH 7) of Cu(II) with selected divalent metal
ions of 5 mg/L concentration. IIP (10 mg) was added
to the binary mixture of metal ions solution and stirred
for 15 min. After binding, the IIP was separated and
eluted with 10 mL of 0.5 M HNO3 and metal ion con-
centration in the elute was determined by FAAS.

The selectivity of Cu(II)−IIP for Cu(II) over other
metal ions was investigated from the results obtained
by calculating distribution ratio, selectivity and relative
selectivity coefficient for IIP and NIP as described in
literature [8, 14, 18, 19].

Distribution coefficient was calculated from the
following equation:

where Kd is the distribution coefficient/ratio, ci and cf
refer to initial and final concentrations of the solution,

−⎛ ⎞= ⎜ ⎟
⎝ ⎠
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i
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respectively. While m is the mass of polymer and V is
the volume of solution. Selectivity coefficient (k) and
relative selectivity coefficient (k') for copper ion rela-
tive to the competing metal ion in solution were calcu-
lated from the equations as:

where Kd Cu(II) and Kd M(II) are distribution ratio of Cu
and divalent competitor ion, respectively. The larger k'
value indicates the enhancement of Cu(II) sorption
affinity and more selective IIP for Cu(II) extraction
with respect to NIP.

RESULTS AND DISCUSSION
Characterization of Cu(II)-ion imprinted polymer

and non-imprinted polymer. The synthesis of Cu−IIP
involved precipitation polymerization; therefore,
polymer in the form of precipitate, with Cu(II) ions
leached and unleached, was studied for morphological
features using SEM. The SEM images obtained at
×6000 magnification is shown in Fig. 2. It can be seen
that there is no significant difference in the appear-
ance of IIP in the leached and unleached form, which
indicates that the morphology of IIP remains the same
after leaching.

( ) ( ) = =Cu II /M II d Cu II d M II( ) ( ) IIP NIPand ' ,k K K k K K
 ANALYTICAL CHEMISTRY  Vol. 73  No. 12  2018
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Fig. 2. SEM image of IIP (a) and NIP (b).

(a) 2 µm 2 µm(b)
Fourier transform infrared spectroscopy (FTIR)
was used to identify the complexation between Cu(II)
ions and IIP; therefore, the leached and unleached IIP
were characterized. The IR spectra are shown in
Fig. 3a for leached IIP and in Fig. 3b for unleached

IIP. A band located at 1250 cm–1 in leached IIP is

shifted to 1254 cm–1 on complexation with Cu(II) ion
indicating that C=N group in vinyl pyridine is
involved in complexation. The intensity of the band

due to pyridine at 1597 cm–1 in the unleached IIP is
decreased after leaching process as compared to
leached IIP. Decrease in the band intensity indicates
that in 2,2'-bipyridine on nitrogen the non-bonding
electron pair is involved in coordination with Cu(II)
ions, which confirms the complexation of Cu(II) in
IIP as well as supports the evidence of Fig. 1. Addi-
tionally, a strong vibration band was observed at

1730 cm–1 due to the carbonyl group of EGDMA, and

another distinct vibration at 1155 cm–1 (leached IIP)

and 1152 cm–1 (unleached IIP) attributed to C‒O of

EGDMA. The absorption band at 1454 cm–1 is due to
–CH2 and –CH3 deformations. A branched peak at

2951 and 2954 cm–1 was assigned to C‒H stretching of
the –CH2 and –CH3 groups.

Optimization of solid phase extraction conditions.
Effect of pH. Metal ion complexation with ligand and
sorption of metal ions is pH dependent. Therefore, the
effect of pH on the sorption of Cu(II), 2 mg/L stan-
dard solution of Cu(II) were prepared in the pH range
of 3‒8 and loaded with 10 mg of IIP in batch was stud-
ied. The results for the sorption of Cu(II) on IIP at dif-
ferent pHs are presented in Fig. 4. The percent sorp-
tion of Cu(II) on IIP increased from pH 3 to 7 and
then decreased from pH 7 to 8. Maximum sorption
(100%) of Cu(II) on IIP was achieved at pH 7. As the
presence of nitrogen in ligand (2,2'-bipyridine) and
functional monomer (4-VP) involved in the complex
formation with Cu(II) ion is strongly dependent on
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 73  N
pH of the solution. At low pH, the nitrogen as a donor
in the 2,2'-bipyridine -4-VP network becomes proton-
ated and lower concentration of Cu(II) sorbed on the
IIP. While with increase in pH, the protonation of
2,2'-bipyridine – 4-VP decreased and the conditions
became suitable for complexation reaction and sorp-
tion of Cu(II) on IIP. Further, at pH higher than 7, the
percent sorption decreased due to copper hydroxide
formation in the solution. Therefore, further study was
performed with pH 7 as an optimum pH for sorption
of Cu(II) on IIP.

Effect of sorption time. The effect of time was stud-

ied on percent sorption of Cu(II) ions in aqueous solu-
tion using IIP in a batch system. For binding of Cu(II)
ions, 10 mg of IIP (sorbent) was added to 10 mL of
Cu(II) solution (2 mg/L) at pH 7 and agitated for
5‒35 min on orbital shaker. After filtration, Cu(II)
ions were analyzed by FAAS. The results revealed that
100% sorption/binding of Cu(II) ion on IIP was
achieved in 15 min (Fig. 5a). As indicated in the figure

that Cu(II) ions sorption is rapid in the initial period
of time and then reached at a constant value (100%) in
15 min. The initial rapid rate may be due to the avail-
ability of sites on ligand in IIP and after coverage of
sites with Cu(II) ions the sorption remained constant.

To investigate the rate of sorption of copper ions on
ion-imprinted and non-imprinted polymer, the
kinetic data were fitted to the two most common
kinetic models, namely pseudo-first-order and
pseudo-second-order [20]. The sorption kinetic con-
stants and correlation coefficients were calculated and
presented in Table 1. The calculated sorption capacity

(qe = 2.4 mg/g) with a correlation coefficient (R2 =

0.9973) from pseudo-second-order kinetic model is
close to the experimental sorption capacity value (qe =

2.0 mg/g). The results are also given in Fig. 5b and
show that using IIP for the sorption of Cu(II) fitted
o. 12  2018
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Fig. 3. FTIR spectra of Cu−IIP before binding (leached IIP) (a) and after binding (unleached IIP) (b).
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Fig. 4. Effect of pH on uptake of Cu(II) ions from aqueous
solution.
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well to the pseudo-second-order kinetic model which

prevails that the rate limiting step is chemosorption.

Sorption capacity. The sorption capacity of Cu(II)

ion on IIP was studied using the proposed procedure

in a batch system at room temperature. To measure the

sorption capacity (qe), 10 mg of IIP was equilibrated

with 10 mL of Cu(II) solution in the range of

2‒18 mg/L at pH 7. The sorption value increased with

the increase in concentration of Cu(II) from

2‒18 mg/L. The sorption capacity of IIP was calcu-

lated and found to be 7.4 mg/g. The sorption capacity

of IIP is greater than the NIP (not shown), which indi-

cates that IIP plays an important role in the sorption

behavior. In the synthesis of IIP sorbent, Cu(II) gave

an arrangement of ligand in order, and after removal of

Cu(II) ions the imprinted cavities and specific binding

sites of ligand and functional monomer groups are

formed in a predetermined orientation. In NIP no

such specificity is present. Due to the specific tem-

plate, imprinted polymer (IIP) allows metal ions to be

sorbed in a shorter time with higher sorption capacity.
JOURNAL OF
The proposed method was used to study the sorp-
tion isotherm and sorption capacity of IIP at room
temperature. The sorption capacity of the imprinted
 ANALYTICAL CHEMISTRY  Vol. 73  No. 12  2018
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Fig. 5. Effect of contact time on uptake of Cu(II) ions from aqueous solution (a) and pseudo-second order kinetic model for bind-
ing of Cu(II) ions (b).
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polymer was calculated using the following Langmuir
equation:

where ce is the equilibrium concentration, qe refers to
amount of solute sorbed per gram of sorbent, KL and
aL are the Langmuir sorption isotherm constants and
are related to the maximum capacity (L/g) and bond-
ing strength (Lg/mg), respectively. Q° is the maximum

= +L L L 1 ,e e ec q K a c K
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 73  N

Table 1. Kinetic parameters for uptake of Cu(II) from aqueo

Polymer

Pseudo-first order parameter

qe (exp),

mg/g
K1, min−1

qe,
mg/g

IIP 2.0 0.011 7.23 × 10–4

NIP 1.60 6.909 × 10–4 1.99 × 10–3
sorption capacity and is numerically equal to KLaL.

The values of KL, aL, and Q° were calculated from lin-

ear plot of ce/qe versus ce (Figs. 6a, 6b). The sorption

capacity of the IIP was calculated to be 22.17 mg/g.

Effect of interfering ions and selectivity study. The

effect of interfering ions including Na, K, Ca and Mg

as matrix ions while Zn(II), Co(II), Ni(II), Cd(II),

Pb(II) and Fe(II) as matrix and interfering ions were
o. 12  2018

us solution

Pseudo-second order parameter

R2
K2,

mg/(g min)

qe,
mg/g

R2

0.1043 0.073 2.417 0.9703

0.2905 2.499 × 10–4 ‒14.514 0.0128
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Table 2. Effect of interfering ions on the recovery of Cu(II) ions

Interfering 

ion

Molar ratio

ion : Cu (mg/L)

Recovery

of Cu(II) with Cu−IIP, % 

Ni(II) 100 97.1

Co(II) 100 98.9

Cd(II) 250 98.2

Pb(II) 250 97.1

Zn(II) 200 99.0

Fe(II) 200 97.4

Table 3. Effect of imprinting on selectivity

Metal 

ion

Kd × 103, mL/g K
K '

IIP NIP IIP NIP

Cu(II) 49.0 6.8 – – –

Ni(II) 2.1 2.1 23.0 3.2 7.2

Co(II) 11.4 1.7 4.3 3.9 1.1

Cd(II) 4.7 2.7 10.5 2.5 4.2

Pb(II) 6.8 27 7.2 2.5 2.9

Zn(II) 11.4 3.5 4.3 2.0 2.2

Fe(II) 4.7 3.5 10.5 2.0 5.4
studied on the sorption of Cu(II) in a binary solution.
The recoveries (97.0‒99.8%) show that the IIP was
unaffected by the presence of common matrix ions
and divalent competitive transition metal ions
(Table 2). The data suggests that the cavities present in
IIP are selective for Cu(II) ions.

The cavity formed after removal of the metal ion
(template) in IIP is specific in size and coordination
geometries to the metal ion. In case of NIP, the distri-
bution of ligand functionalities in the polymeric net-
work is random and results in nonspecific rebinding
affinities. The selectivity of IIP for Cu(II) was also
evaluated by comparing with the competitive divalent
transition metal ions like Ni(II), Zn(II), Co(II),
Cd(II), Pb(II) and Fe(II) because of formation of
coordination complexes. Binary aqueous solution,
10 mL, of pH 7 containing 5 mg/L of each metal ion
[Cu(II)/Pb(II) and Cu(II)/Ni(II), Cu(II)/Co(II),
Cu(II)/Cd(II), Cu(II)/Pb(II) and Cu(II)/Fe(II)]
were studied in batch experiments at optimum condi-
tions of sorption using IIP and NIP. The concentra-
tion of metal ions in the elute was determined with
FAAS. The results are summarized in Table 3 for dis-
tribution coefficient (Kd), selectivity coefficient (k)

and relative selectivity coefficient (k'). The results of
distribution coefficient values of IIP sorbent for
Cu(II) were greater than the other metal ions. The
selectivity coefficients of Cu(II)−IIP for Cu(II) with
respect to other interfering transition metal ions were
very high. The relative selectivity coefficient values for
the binary mixture of metal ions are greater than 1 and
suggest that IIP show great selectivity to Cu(II) ions in
the presence of metal ions from the same transition
metal ions group. The value of relative selectivity coef-
ficients also indicates high binding affinity and selec-
tivity of ion imprinted polymer, for the template
(Cu(II)) with respect to non-imprinted polymer.

Reusability of ion imprinted polymer. The stability
and reusability of Cu(II)−IIP polymeric material was
studied by using repeated cycles of sorption‒elution
with same polymeric material at optimum conditions
(10 mg IIP, pH 7, initial Cu(II) concentration 5 mg/L,
sorption and extraction time 15 min). After each use
10 mL of 0.5 M HNO3 was used for elution of the

sorbed Cu(II) ions and regeneration of IIP. Results of
reusability of IIP are shown in Fig. 7. After seven
cycles of sorption‒elution, the change in percent
sorption was insignificant and the mean sorption was
99% at 5% confidence level. This indicated that the
loss in the binding affinity of IIP is not significant and
could be repeatedly used for sorption of Cu(II) ions.

Applications. In order to examine precision and
accuracy of the proposed method, the method was
applied to water samples including well water (Karak,
Khyber Pakhtunkhwa, Pakistan), industrial eff luent
water (Hayatabad Industrial Estate, Khyber Pakh-
tunkhwa, Pakistan), tap water (Peshawar University
Campus, Khyber Pakhtunkhwa, Pakistan) and river
JOURNAL OF
water (Kund Park, Khyber Pakhtunkhwa, Pakistan).
As no Cu(II) was found in water samples, they were
spiked with known concentration of Cu(II) and
treated according to optimal experimental conditions.
Accuracy of the method was verified by extraction
recovery experiments using spiked samples.
Extraction recoveries were found in the range of 97.5
to 99.5% (Table 4). The precision of the method was
verified by analyzing multivitamin supplement (Alive
Plus) tablets. Known amount of multivitamin tablet
containing known concentration of Cu(II) was ana-
lyzed by the proposed method. The extraction recov-
ery was found to be 97.9%, which shows good preci-
sion of the method (Table 4). The results suggest that
the proposed method is precise, accurate and suitable
for quantitative determination of Cu(II) ion in differ-
ent matrices.

CONCLUSIONS

In this study, Cu(II) ion imprinted polymer was
synthesized by incorporating 2,2'-bipyridine as a che-
lating agent for Cu(II). Cu(II)−IIP was found highly
selective as compared to NIP in the presence of com-
mon transition and heavy metal ions. The synthesized
IIP showed high affinity for binding Cu(II) ion in
complex matrices of samples, found highly stable and
could be repeatedly used for sorption‒elution without
any significant change in binding properties. Based on
the performance of Cu(II)−IIP in the present study, it
 ANALYTICAL CHEMISTRY  Vol. 73  No. 12  2018
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Fig. 7. Reusability of Cu(II)−IIP.
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Table 4. Recovery of copper

* Spiked amount, mg/L.
** As shown in the insert, mg/g.

Sample
Cu(II) 

present

Cu(II) 

found
Recovery, % 

Tap water 2* 1.99 99.6

Industrial eff luent 2* 1.98 99.4

River water 2* 1.89 98.9

Well water 2* 1.88 99.8

Multivitamin 0.522** 0.520 99.6
is visualized that Cu(II)−IIP is a promising sorbent for
selective extraction of Cu(II) from different samples.
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