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Abstract: Transition Metal ion imprinted interpenetrating yoker networks were synthesized for selective
removal of Fe(lll), Co(ll), Ni(ll), Cu(ll) ions frm water. The polymers were prepared using tempiegtl
ions such as Fe(lll), Co(ll), Ni(ll), Cu(ll) iong biopolymer alginic acid and N,N’ Methylene-bisdamide
(NNMBA) crosslinked polyacrylamide using potassipersulphate as initiator. The non-imprinted pady
networks were also prepared without use of the Imetes. To determine the selectivity of ion impgdt
polymers, competitive sorption studies were cardatand proved that ion imprinted polymers (lIRpwed
good selectivity for the target metal ion and carapplied for water remediation.
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1.Introduction

Metal ions are carcinogenic, hazardous and carecamgronmental damage. So its removal from the
environment is unavoidable and the remediation efafrcontaining waste water needs much more ati@nti
[1]. Drinking water from a tap, such as a privatellver public water system, is a source of potémtigosure
to environmental contaminants. The conventionahri@pies are commonly applied for the removal ofainet
ions from waste water including chemical or phylsicethods [2]. But they are often costly or ineffee.
However, most of these methods are complicated exménsive. Recently, biosorption method has been
suggested as an efficient, cost-effective and geadly alternative to existing treatment techngjudumerous
investigations on IIPs and their use for selecseparation of metal ions such asdQ, Pd(ll), Cu(ll), Fe(ll),
Hg(l1), Ni(ll), Cr(11), Cd(I1), and Zn(ll) have beereported.[3-8]

lon imprinted and non-imprinted polymers were bgsized using different transition metal ions as
templates instead of using heavy metals. Transiti@tal ions like copper, zinc and manganese ioes ar
essential for animals and plants. But they ar&ctakhigh concentration and there are many regmased on
their separation from waste water [9-13]. Similarhetal ions such as manganese, nickel and cobalt ar
hazardous to animals and plants at high concemtratnd can be separated from waste water by various
methods[14]. Cobalt, one of the common toxic and level radioactive metals affecting the environinen
appears in waste waters of nuclear power plantsmazdy other industries and it can produce varidty o
undesirable effects. The need of more selectiveesy$or separation of nickel has increased the ldpueent
of the synthesis of new extractants and adsorb&hts World Health Organization has set a guidelalee of
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0.3 mgL* of iron in drinking water. The conventional methiod the removal of iron from solution involves
hydroxide precipitation, filter, electro coagulatjand ion exchange techniques.

In the present work we focus on synthesizing naypé of transition metal ion imprinted and non-
imprinted interpenetrating polymer network usingadural biosorbent, alginic acid which is crosstidiby the
hydrophilic crosslinker N N, Methylene bis acrylal®mj and template metal ions. The newly prepared
interpenetrating polymer networks are advantageoesto high sorption capacity and remarkable selgcin
transition metal ion separation from mixture of at@bns. The method of preparation of the IPN iae,
rapid, low cost and environment friendly due to tise of aqueous medium.

2. Materialsand methods
2.1 Materials

Reagents of analytical and spectral grade were fseall experiments. Solutions of metal ions were
prepared in millipore water. The monomers usedhis study, namely acrylamide and crosslinking agent
NNMBA were obtained from SRL, Mumbai. Alginic acwlas obtained from Merk, India. Fourier transform
infrared (FTIR) spectra of the metal ion imprinteshn-imprinted, and the metal ion bound polymersewe
recorded between 4000-400 €musing a Perkin Elmer 400 FTIR spectrophotometeiV-vis.
spectrophotometric measurements were carried onog \®8himadzu 2400 UV-vis. spectrophotometer. SEM-
EDAX was taken on JEOL-JSM-840A Scanning Electroiecri¥scope in nitrogen atmosphere. Surface area
measurements were carried out by BET method. Teuat of metal ion adsorbed was determined befode a
after binding, using Perkin EImer Atomic Absorpti@nalyzer 300.

2.2. Preparation of metal 1on Imprinted(l1 P) and Non-imprinted Polymer (NIP) Networks

Alginic acid (7.5 g) was mixed with metal salts aqueous medium. This mixture was added to
acrylamide (10.66 g), NNMBA (7.71 g) and potassipersulphate (100mg) as initiator. The polymerizatio
was carried out at 7G with constant stirring. The polymer obtained weashed with water to remove
unreacted monomer and with 2N HCI to remove metas.i The bulk polymer obtained was dried, sieveatl an
weighed. Non-imprinted polymer networks were alsgppred using the same procedure without metal ions

2.3. Metal lon Binding

In order to investigate specific rebinding capacityetal ion imprinted and non-imprinted polymers
were equilibrated with different metal ion solutiofhe concentration of metal ions before and diteding
was determined by atomic absorption spectrophotgniaAs).

Optimization of the metal ion Rebinding Conditions

In order to optimize the conditions of Pb(ll) io@binding by Pb(ll) ion imprinted and non-imprinted
polymer networks, factors affecting rebinding Isas concentration, time and pH of the Pb(ll)sofution on
binding were investigated.

2.4, Effect of Concentration

The batch wise metal ion binding experiments wengied out to evaluate the imprinting efficiency
using 500 mg of polymer. Similar rebinding studésvarious concentrations of metal ion (1-5mMphere
carried out and from the difference in concentratib template metal ion solution before and afteubation,
the amount of metal ion bound was determined by AAS

2.5.Swelling Studies

100mg of IIP, NIP and corresponding metal ion i@urtd polymers were allowed to swell in 10 mL
water for 24 h. After 24 h the polymers were fitidrand surface water was carefully wiped off, dredfinal
swollen weight was determined. From the swollen #mal dry weights of the sample the EWC (%) was
calculated, using the equation-
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_weightof wetpolymer- weightof dry polymer
weightof dry polymer

EWC% x 100

2.6. Adsorption Studies

Adsorption studies were carried out by batch elgution method, using different sets of polymer.
Aqueous solution of metal ion (5 ppm, 10 mL) wadetito IIP/NIP. The solutions were shaken in stopp
bottles. At regular time intervals the concentmatiof metal ion was found out by atomic absorption
spectrophotometry.

3. Resultsand discussions
3.1. Preparation of transition metal ion-imprinted (I11P) and non-imprinted polymer networ ks (NIP)

The ion imprinted polymer networks were synthesizgdhe free radical polymerization using Mn(ll),
Fe(ll1), Co(ll), Ni(ll), Cu(ll) and Zn(ll) ions asemplates, alginic acid and acrylamide as functiomanomers,
NNMBA as crosslinking agent in presence of initigtotassium persulphate, at’@in a water bath. The bulk
polymer obtained is washed with water to removeeacted monomers and then with dil HCI to removeainet
ions. The polymers obtained are dried, crushed siaded. Non-imprinted polymer networks were also
prepared without using the template metal ions.

3. 2. Characterization
3.3. FT-IR spectra

FT-IR spectral values of ion desorbed and boungmets are given in Table I. The characteristic
peaks due to -COOH group of alginate is obtainediradt 1640 cm in all the ion imprinted polymers. These
values are shifted to higher wavelength region etaiion binding. The absorption bands revealet-tb@OH
group of alginate is participated in sorption psxe Imprinted polymer showed bands at 2919 amd non-
imprinted polymers showed bands at 2922' clue to C-H stretching vibrations.

Table1l. FT-IR Characteristic peak values of metal ion desdrand bound Polymers

Polymer used [1P(cm™) Metal bound I1P(cm™)
Fe(l11) [1P 1634 1645
Co(IN 11P 1635 1644
Ni(l) 1P 1634 1644
Cu(l) 11P 1635 1643

3.4. UV-vis. Spectroscopy

UV-vis. Spectral values of imprinted and metal ibaund polymers are given in Table 2. The
interaction of Cu(ll) ion with the carboxyl group alginate chain resulted a shift in the wavelengtmxima.
Imprinted polymer showed bands at 13245'cmhich is shifted to 18115 chron sorption of Cu(ll) ion. The
band at 14388 crhis shifted to 18115ctin Cu(ll) ion bound polymers. These shifts indec&-T,q4 transition
in copper bound polymers, due to Jahn-Tellar distoy distorted tetragonal geometry is suggestedCia(ll)
ion bound polymer.The values describes the shiftavelength maxima on metal ion binding which gasis
that Eg—T,g transition takes place in all ion bound polyméFbe characteristic tetragonal geometry is
indicated on metal ion binding.

Table2. UV-vis. Spectral values of metal ion desorbed amahiol polymers

Polymer used 1P (cm™) Metal bound I1P(cm™)
Fe(lll) 11P 15873 18726
Co(I1) 1P 14388 18115
Ni(ll) 1P 12626 18392

Cu(ll) P 13245 18118
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3.5. X-ray diffraction patterns

The XRD curve of metal bound polymer networks shiwee characteristic peaks corresponding to
each metal ion which is not seen in the XRD curividRy This result indicates the binding of metahiin metal
bound polymer. The XRD curve of Cu(ll) bound polysmshowed the characteristic peaks corresponding to
copper at @ values, 28.39, 47.25 and 56.07 degree respectivglich is not seen in the XRD curve of
imprinted polymer, indicates the presence of Cu¢it)in bound polymers and are placed in (200) plainface
centered cubic latticeCo(ll) ion bound polymer showed characteristic ped#k63 degree 2 theta value
corresponding to (102) plane of hexagonal planéhércase of Ni(ll) ion bound polymer the charaster peak
is obtained at 44 degree 2 theta value correspgridifil11) plane of cubic plane. Fe(lll) ion bduolymer
showed a sharp peak at 47 degree 2 theta valusudtosharp peaks are seen in desorbed polymer.

3.6 SEM-EDAX

The SEM-EDAX of the Cu(ll) ion desorbed and metalibd polymers are given in (Fig.13EM-
EDAX of lIPs of each metal ions indicate the alzgeaf metal ions while the metal bound polymer ks
showed the characteristic peaks correspondingdo matal ions.
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Fig. 1. SEM-EDAX of Cu(ll) ion (a) desorbed and, (b) boysmymers

4. Swelling studies

The metal ion binding studies of the ion imprintetierpenetrating polymer networks in aqueous
medium were influenced by the extent of swellinge Bwelling behavior of metal ion imprinted, norphinted
and the corresponding metal ion bound polymer nedsvavere investigated (Table.3). In all the meta
imprinted polymers maximum EWC (%) was obtainedidéorimprinted polymers and it decreases on metal i
binding.

Table 3. EWC (%) values of ion-imprinted, non-imprinted andtal ion bound polymers

Polymer used EWC (%) values
P NIP Metal bound Metal bound
[P NIP
Fe(l11) ion bound polymer 68 66 62 64
Co(l1) ion bound polymer 89 82 84 86
Ni(l1) ion bound polymer 94 92 88 91
Cu(ll) ion bound polymer 94 92 89.5 91.5

5. Binding studieswith metal ions

Metal ion binding studies of each of the interpeatgig polymer networks towards different metalson
of varying concentrations are given in (Fig.2). #® concentration increases, binding of metalinmneases.
The sorption capacity value of the IIP towards eagltal ion was also higher than that of NIP. Tieisult
could be explained on the basis of a high drivioigé for mass transfer, where the increase in cdrat®n of
metal ion increases the competition to occupyhallavailable coordination sites in the adsorbent.
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Fig .2. Metal ion binding by Ni(ll),Cu(ll) , Fe(lll), Cal), ion imprinted and non-imprinted polymers

The investigation was carried out by comparinggpecific binding of imprinted polymer with a non-
imprinted polymer. To find out the specific bindinfjeach metal ion, definite amount of imprinted aron-
imprinted polymers were equilibrated with metal isolution and the amount of metal ion bound was
determined by atomic absorption spectrophotomdirgm the difference in binding between imprinted an
non-imprinted polymers, it is evident that metal imprinted polymers showed specificity towards itherint
metal ion than non-imprinted polymer due to meneffgct.

6. Sor ption studies

The effect of concentration of metal ion solutiam sorption rate and capacity were studied. Definit
amount of imprinted and non-imprinted polymers wadlded to 10 ml of metal ion solution. The soluiarere
shaken in closed flasks. At regular intervals ofetimetal ion bound was determined by AAS. The gmrpt
characteristics were assessed by plotting both rhairgand Freundlich isotherms. The results obtaiassl
given in Fig.3. which describes that Langmuir tgoeption took place in each transition metal idnsreasing
the initial metal ion concentration causes an iaseein the sorption capacity of the sorbent whieims from
the fact that the probability of collusion betwemetal ions and biosorbent increases in this candivhich
enhances the biosorption ability.
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Fig. 3. Langmuir isotherms for ion adsorption on imprinpedymers
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7. Selectivity studies

To investigate the metal ion selectivity of eachtled imprinted polymers, competitive sorptions of
Fe(ll1), Co(ll), Ni(ll), Cu(ll) ions were conductely column experiment, in which 1 g of the IIPsieeated
with 10 ml of a solution of these metal ions (5 pp¥ivhen sorption equilibrium was reached, the cotredgion
of metal ions in the eluted solution was measurngdAS. The results are given in (Fig.4). in eackec#lP
selectively bind the imprinted metal ion from itsxtare with coexisting metal ions which indicateattthe
functional host molecules on the surface of IIP iammobilized with the strict configuration suitalfier the
imprinted metal ions, and that the ionic recognitie influenced by the nature, radius, charge arel af the
metal ions.
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Fig.4. Selectivity studies of -Co(ll), Fe(lll), Cu(ll), NI), ion imprinted polymers

8. Reusability studies of ion imprinted polymers

Table .4. Reusability studies of ion imprinted polymers

Metal ion sorption capacity in extraction cycles (meg/qg)

1 2 3 4 5 6 Recovery(%)
Fe(lll)  0.51 0.51 0.50 0.489 0.488 0.488 97.4
[P
Co(INIP 0.98 0.98 0.98 0.96 0.955 0.955 96.7
Ni(IDIIP  0.45 0.45 045 0.44 0435 0.42 94.9
Cu(iDIlP 21 21 21 21 1975 1.96 97.5

In order to investigate the reusability of imprihtpolymers of each metal ions, it was subjected to
several loading (50mg/10mL) of metal ion solutiow @lution operations. The elution operations weneied
out with 4 mL of HCI (3N) found as the optimum edut condition. The calculated percentage recovéth®
imprinted polymers showed no considerable decraétee 6 cycles of repeated experiments (Table #g T
percentage recovery of the recycled IIP could kélmaintained at 97 to 98% at tHedgcle.
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9. Application of the method

Table .5. Analysis of environmental water samples

Metal ions Canal water (mg/L) Lakewater (mg/L) Recovery
0
Found Recover ed Found Recover ed %)
Fe(lll) 0.42 0.415 0.399 0.388 97
Co(ll) 0.04 0.031 0.024 0.021 95
Ni(I1) 0.02 0.009 0.02 0.01 94
Cu(ll) 0.06 0.056 0.04 0.033 98.5

The ion imprinted polymers of each transition métals are applied for the selective separation of
corresponding metal ions from water samples catbétom canal and lake and analysed. The obtainkoks
describe the suitability of the developed transitimetal ion imprinted polymers for the removal of
corresponding metal ions from water samples. Thelteare listed in Table.5.

10. Conclusions

In conclusion the developed ion imprinted polynretworks reveals its great potential as an
advantageous as sorbent for transition metal letal ion imprinted polymer networks were prepansihg
alginic acid and NNMBA-crosslinked polyacrylamid@hvdifferent template metal ions such as Fe(lh(11),
Ni(Il), Cu(ll) ions and characterized by differegmalytical methods. Metal ion binding studies diésct that
IIP showed high sorption capacity than NIP and gaadability. Compared to sorption capacities, epppn
imprinted polymer showed high sorption capacity aghother ion imprinted polymers. Selectivity studif
each ion imprinted polymers revealed that IIP delely bind the imprint metal ion faster than nongrinted
polymers. The prepared IIPs are successfully agitie the removal of corresponding metal ions framater
samples collected from environment.
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