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Abstract Separation and pre-concentration of calcium using lonic
imprinted solid phase extraction (IIP- SPE) have been investigated.
The sorbent was synthesized by copolymerization method and was
examined by FTIR. Effect of experimental parameters on adsorption
such as pH(5), polymer weight(0.1 gr), temperature(35°C), volume
(20 mL)and concentration(:.5M) of acid used for washing,
adsorption(90 min) and desorption time(60 in) were investigated and
Optimized.

Introduction: IIPs are synthetic materials that detect the target
molecule by simulating its structure.. [IPs have tremendous
advantages such as pre-selection, as well as ease of preparation. Hence,
these materials are now increasingly used in SPE. In this research, a
selective polymer for calcium ions has been prepared using ion
printing method. Experimental conditions have been investigated and
used as an effective and selective adsorbent for the separation of the
solid phase of calcium.

Materials and Methods: IIP was synthesized by copolymerization
method in an acidic environment, using a ligand (pyrogall) , target
molecule (calcium) , methacrylic acid as functional monomer , a
polymer binder ,ethylene glycol dimethacrylat( EGDMA) and a primer
(Azobis isobutyro nitrile).

Findings: Effective parameters on separation such as type,
concentration and volume of acid, pH of adsorption and desorption,
washing time, weight of polymer and temperature were investigated
and optimized. The possibility of interfering ions was investigated.
Reproducibility and accuracy was acceptable and there was no
significant interference. Application of the method in real samples was
investigated and acceptable results were obtained.

Conclusion: Selective separation of calcium ions in real samples was
investigated by using ion printed polymers as adsorbents. Laboratory
conditions affecting calcium separation by adsorbent were
investigated and optimized.
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Separation, preconcentration and selective measurement of calcium ions by solid phase extraction and
ionic imprinted polymers

Extended Abstract

Introduction

Most of the analysis time is spent in sample
preparation. Therefore, the need to improve
sample  preparation  techniques is
increasingly noted. One of the oldest and
most widely used methods in this field is
liquid- liquid extraction solid phase
extraction (SPE) is a popular alternative to
liquid- liquid extraction and its popularity
and application is increasing rapidly. lonic
imprinted polymers are synthetic materials
that detect the target molecule by simulating
its structure .Ionic imprinting method has
been used to eliminate disturbance and
concentrate the samples. lonic imprinted
polymers have tremendous benefits such as
pre-set selection, as well as being easy and
convenient to prepare. Hence, these
materials are now increasingly used as
sorbent in solid phase extraction. In this
research, a selective ionic imprinted
polymer for calcium ions has been prepared
using ion printing method. Experimental
conditions have been investigated and the
[IP used as an effective and selective
adsorbent for the solid phase extraction of
calcium.

Materials and Methods

For polymer synthesis at first 1 mmol of
target molecule (calcium), 5 mmol of ligand
(pyrogallol) and 4 mmol of functional
monomer were dissolved in a suitable
solvent (14 ml of acetonitrile) and allowed to
stand for 5 minutes . Then a polymer binder
(20 ml of EGDMA) was added ,the container
was sealed and exposed to nitrogen gas for
15 minutes, then 0.5 g of primer (Azobis
isobutyro nitrile) is added to it and placed in
a water bath (Ben Marie) at 65 ° C for 24
hours and polymerization is done. In the
next step, the target molecule is removed by
nitric acid. The control polymer was
prepared in this way, only the target
molecule was not added. To determine the
capacity of the polymer the same amount of
synthesized polymer (0.1 g) was added to

solutions with different concentrations of
(0.2-120 mg / 1) calcium at a constant
temperature of 20 ° C and the optimum pH .
The solutions were placed in a shaker for 30
minutes and then were centrifuged for 30
minutes. Finally the solutions were filtered.
Calcium ion concentrations in solutions
were determined using atomic absorption
spectroscopy. The above procedure was
repeated for non-printed polymer. The
results showed that the synthesized
polymers have the ability to adsorb calcium
ions at different concentrations and
imprinting the polymer cause to improve
absorption ability of the polymer. We used
some real samples (water and waste water
samples) containing known amounts of
calcium to investigate application of the
method. To remove organic materials from
the real samples, at first a few milliliters of
hydrogen peroxide (30% w / w) was added
to 250 ml of sample, the solutions were
heated and filtered. Then it was acidified
with a dilute solution of nitric acid and
stored in a polyethylene container.

Results & Discussion

In this research, the ability of selective
separation of calcium ions in real samples by
using ionic imprinted polymers as
adsorbents was investigated. Polymer
ization was performed by copolymerization
method. To investigate the imprinting effect
of the polymer, synthesis was performed
once in the presence of the target ion
(calcium) and once without it (ionic
imprinted polymer and non-printed
polymer). It was shown that polymerization
was well performed and effectively
imprinted. Experimental conditions
affecting calcium separation by adsorbent
were investigated and optimized. The
adsorbent properties were investigated. The
maximum adsorption of 36 and 24 mg / g
were obtained for printed and unprinted
polymers, respectively, which indicates the
polymer adsorption efficiency and effective
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-ness of imprinting. Structure of the
synthesized polymer was examined by
infrared spectroscopy in the spectra
removing of the target molecule and the
creation of cavities was well shown. The
similarity of the structure of the spectra
indicates their similar structure. Two
significant peaks in the range 1160 (C -0
stretching) and 1600 (C=0 stretching)
Indicates the structure of ethylene glycol
dimethacrylic acid as a crosslinker. A broad
peak in the range of 3400 nm was observed
in both spectra, which corresponds to the oH
functional group of monomer and a decrease
in the adsorption frequency before washing
indicates an intramolecular hydrogen bond.
In order to achieve the maximum extraction,
experimental parameters were optimized.
This parameters included, volume of nitric
acid for washing calcium ions from the
surface of the polymer (optimum value= 20
ml), the time required to wash calcium ions
from the polymer surface (optimum
Time=60 min), optimum amount of polymer
(optimum polymer weight = 0.1 g) Then the
percentage of calcium absorption at
different temperatures was investigated.
The results showed that the maximum
absorption is observed at 20 ° C. This
temperature was selected as optimal. To
obtain the linear range, a calibration curve
was drawn. For this purpose, different
concentrations of calcium were made with
calcium nitrate salt and its adsorption was
measured. The concentration of calcium
relative to its adsorption was linear in the
range of 0.1 to 160 mg / 1 and follows the law
of beer. To test the reproducibility of the
method, five similar experiments were
performed in the linear range. According to
the results obtained the accuracy and
precision of the method is good. In order to
investigate the possible interferences for
selective separation of calcium in the
environmental samples. Two solutions were
made for each cation, one in the presence of
the disturbing cation and the other without
its presence, and then the adsorption of both
solutions was investigated. It was observed
that even in the presence of high
concentrations of magnesium ions (the

main interference) in the solution, very
selective separation is performed and does
not cause disturbance. Extraction of calcium
in natural samples (including well water
spiked distilled water and city water) under
optimal conditions were done. The results
indicate the applicability of this method for
extraction calcium in natural samples.

Conclusion

Polymerization @ was  performed by
precipitation method. To investigate the
imprinting effect of the polymer, synthesis
was performed once in the presence of the
target ion (calcium) and once without it
(ionic imprinted polymer and non-printed
polymer). It was shown that polymerization
was well performed and effectively
imprinted. Experimental conditions
affecting calcium separation by adsorbent
were investigated and optimized. The
adsorbent properties were investigated. The
maximum adsorption of 36 and 24 mg / g
were obtained for printed and unprinted
polymers, respectively, which indicates the
polymer adsorption efficiency and
effectiveness of imprinting.
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