Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2015, 7(2): 910-916

| SSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Design of copper ion imprinted polymersbased on crossinked 4-vinylpyridine
Girija P.and Beena Mathew?

'Department of Chemistry, SD College, Alappuzha, Kerala, India
?School of Chemical Sciences, Mahathma Gandhi University, Kottayam, Kerala, India

ABSTRACT

Copper ion imprinted polymers were synthesized for selective removal of Cu(l1) ions from water. The polymers were
prepared using template metal ion Cu(ll), EGDMA and TTEGDA as crosslinkeers using AIBN as initiator. The
non-imprinted polymers were also prepared without use of the copper ion. To determine the selectivity of ion
imprinted polymers, competitive sorption studies were carried out and proved that ion imprinted polymers (11P)
showed good selectivity for the target metal ion and can be applied for the selective removal of copper ions from
aqueous medium.
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INTRODUCTION

The metal ion imprinted polymers are very usefulhia selective separation of a specific metal romf mixture of

metal ions, whether the ion is valuable or toxictle industrial process[1-3]. The synthesis of thetal ion

imprinted polymers is usually conducted by crosegilig the monomers with functional groups specifica
recognizable to the target (template) metal iors@ng4-6]. During this formation, the functional nmmners are
polymerised in the presence of a template, whicsulssequently removed by washing and/or extraciter the

polymerisation. Thus, the rebinding template cooddrecognised by the polymer. MIPs are now wellvkm@as

synthetic polymeric receptors or robust artificaitibodies and have attracted considerable atteritmm the

scientific and industrial communities owing to thaiherent simplicity, reusability, robust polymeetwork and

cost-effectiveness[7-9].

In the present work new type of copper ion impnpalymers are prepared using different crossliglkagents of
varying hydrophilicity. The rigidity and selectiyibf the imprinted polymer is mainly influenced the nature and
amount of crosslinking agent used in the synthesithe imprinted polymers. The imprinted polymeosld be

rather rigid to preserve the structure of the gaafter splitting of the template. On the other dhdlexibility of the

polymer facilitates a fast equilibrium between tiedease and uptake of the template in the cavihe 3pecific
binding of the imprinted polymer is as a resulttoé rigidity of the polymer backbone to keep theitias of the

original metal ion without any deformation.

EXPERIMENTAL SECTION

4-vinylpyridine (4-VP) was obtained from Sigma-Aftr (USA). Ethylene glycol dimethacrylate (EGDMA) and
Tetra Ethylene Glycol Diacrylate(TTEGDA) was purskd from Sigma-Aldrich (Germany), 2,2'-
azobisisobutyronitrile (AIBN), from Merck (GermanyEGDMA, were purified by distillation under redute
pressure. All solvents were of HPLC grade and asesluch. Fourier transform infrared (FTIR) speofrthe metal
ion imprinted, non-imprinted, and the copper iomd polymers were recorded between 4000-800, aming a
Perkin Elmer 400 FTIR spectrophotometer. UV-vise®dmphotometric measurements were carried outgusin
Shimadzu 2400 UV-vis. spectrophotometer. SEM-EDAXswaken on JEOL-JSM-840A Scanning Electron
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Microscope in nitrogen atmosphere. The amount aihien adsorbed was determined before and afteditg,
using Perkin Elmer Atomic Absorption Analyzer 300.

Synthesis of EGDMA- and TTEGDA-crosslinked Cu(ll) ion imprinted and non-imprinted 4-vinylpyridine
based polymers

In the present study ion imprinted and non-impdngmlymers were synthesized using copper ion aplta)
EGDMA and TTEGDA as crosslinkers (60 and 80%), dylpyridine as the functional monomer using AIBN as
free radical initiator. The polymerization was d¢adr out at 68C in methanol-water mixture. The resultant bulk
polymer was filtered, washed with ethanol, distillwater and dried in an oven. The non-imprinted/pers were
prepared without the template Cu(ll) ion.
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Scheme 1l Synthesisof crosdinked polymers based on 4-vinyl pyridine

RESULTSAND DISCUSSION

Characterization
The EGDMA- and TTEGDA-crosslinked imprinted and rioiprinted polymers were characterized by FT-IR,-UV

vis., SEM, SEM-EDAX and powder XRD techniques.

(i) FT-IR spectra

In copper ion imprinted poly(4-vinylpyridine) antémse band obtained at 1599 tis due to the presence of C=N
group. On metal ion complexation this band istehito 1552 ci. Further the appearance of a band at 247 cm
can be assigned to M-N stretching. In the EGDMAsstimked polymers the imprinted and non-imprintetymers
showed band at 1382¢heorresponding to C-H bend of Gland the one at 1454 &hnis the CH bend of EGDMA.
The stretching vibrations observed at 1724'éndicates the presence of ester linkage of EGDMAand at 1600
cm® is due to the presence of C=N group. This banghifted to lower wavelength region ~1568 tron
complexation with Cu(ll) ions. This shows the inv@ient of C=N group of vinylpyridine with Cu(ll) ms. The
band corresponding to 279 ¢ntan be attributed to Cu(ll)-N stretching vibrasorin the case of TTEGDA-
crosslinked polymers, band at 1638 tmhich corresponds to C=N group is shifted to 16&9', on copper ion
binding.

(if) UV-vis. spectra

The electronic spectral data of imprinted, non-imigd and metal bound polymers were carried outguklV-vis.
spectrophotometeiThe absorption maxima of EGDMA- and TTEGDA-crosistid Cu(ll) ion imprinted polymers
are observed at 15,105 - 14,727 cand from 15,174 to 14,947 €mespectively which are assignable t02P2E,
transition (Fig.1). Due to Jahn-Teller distortiafl,configuration of the Cu(ll) ion complexes of EGDMAnd
TTEGDA-crosslinked system resulted in a tetragatraicture[10]
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Fig .1 UV-vis. spectra of (a) EGDMA- and (b) TTEGDA-crossinked Cu(l1) ion bound and unbound polymers
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(iii) SEM-EDAX
The chemical composition of the polymer was condidrby SEM-EDAX (Fig.2). The presence and complete
removal of copper in Cu(ll) ion bound and unbountymers were confirmed by SEM-EDAX.

Teatae 3

(@ (b) (©
Fig.2SEM-EDAX of EGDMA- and TTEGDA-crosdinked Cu(l1) ion (a) desorbed, and (b) & (c) bound polymers

(iv) X-ray diffraction pattern

X-ray diffraction is one of the most important cheterization tools used in solid state chemistrgt araterials
science. The data obtained from XRD curve can lmiexp for the characterization of polymers. XRD wirof
copper ion bound polymers are given in (Fig.3).e Thystalline natures of copper ion bound polynaesdenoted
by sharp peaks in XRD pattern. The XRD pattern ®EGDA-crosslinked Cu(ll) ion bound polymers showed
characteristic peaks at 43.&nd that of EGDMA-crosslinked polymers showedkpah 2 theta value 437
corresponding to (111) plane of face centerecciafiiane (JCPDS, Copper file No. 04-0836.).

140+

1204

Intensity (au)
Intensity (au)

100+

T
10 > ® P D 30 40 50
2Theta(degee) 2 Theta (degree)

(@ (b)
Fig. 3 XRD patternsof (a) EGDMA- and (b) TTEGDA- crosslinked Cu(l1) ion bound polymers

(v) EPR - spectra
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Fig. 4 EPR spectra of (a) EGDMA- and (b) TTEGDA- crosslinked Cu(l 1) ion bound polymers

EPR Spectra of EGDMA and TTEGDA crosslinked copjmer bound polymers are given in  (Fig. 4.) and
parameters are given table. These values are @eagmt with the distorted tetrahedral geometryhe Value of g
suggests the covalent nature of Cu-O bond. Thmelibg parameterafc,), which is a measure of in plane sigma
bonding of the Cu-O bond, was indicating the covialature of the complex.

912



Girija P.and Beena Mathew J. Chem. Pharm. Res,, 2015, 7(2): 910-916

Table .1 EPR parameters of values of EGDMA- and TTEGDA- crosdinked Cu(l1) ion bound polymers

Crosslinked Polymer gy g Ay AL d’Cu
EGDMA 225 2,03 160 57 0.73
TTEGDA 222 221 155 34 0.76

Swelling studies

Swelling studies of imprinted and non-imprinted ypoérs of varying extent of crosslinking were catrigut by
immersing the polymers in water for 24 h. The EWAues of imprinted and non-imprinted polymers akeig in

Table .2. TTEGDA-crosslinked polymers have high ling capacity compared to EGDMA-crosslinked polysie
This is due to the high flexibility of TTEGDA crdssking agent. In general EWC(%) of the impringgolymer is

higher than that of the non-imprinted polymer. Topper ion bound polymers showed low EWC valuesparyed

to unbound polymers. This is due to additional slinking on Cu(ll) ion complexation resultingtime contraction
of the polymer chains which results in decreasanielling.

Table. 2 EWC(%) values of Cu(ll) ion imprinted, non-imprinted, and Cu(ll) ion bound polymers

Polymer used TTEGDA-crosslinked EGDMA-crosslinked
1P 99 98
NIP 95 93
Cu(ll)ion bound IIP 96 94
Cu(ll) ion bound NIP 92 89

Optimization of conditions of metal ion binding
The conditions of Cu(ll) ion rebinding were optimdzby studying the Cu(ll) ion rebinding of both TGBA- and
EGDMA-crosslinked (60 and 80%) polymers with vagytime, concentration and pH.

(i) Metal ion binding studies

The metal ion binding studies of EGDMA- and TTEGDB#sslinked Cu(ll) ion imprinted and non-imprinted
polymers were carried out towards Cu(ll), Co(ll)daXi(ll) ions of varying concentration. In all cas€u(ll) ion
imprinted polymer rebind Cu(ll) ions specificallyan Co(ll) and Ni(ll) ions and the binding incress@th increase
in concentration. TTEGDA-crosslinked polymers shdviiigh binding capacity compared to EGDMA-crosstidk
polymers due to hydrophilic nature and also metalbinding decreases with increase in crosslinlsidgFig.5).
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Fig. 5 Effect of concentration of metal ion solution on itsbinding by 60% (a) EGDMA - and (b) TTEGDA-crosslinked Cu(ll) ion
imprinted and non-imprinted polymers

(i) Time dependence on Cu(ll) ion binding

The dependence of time on metal ion binding of phé/mers was investigated by batch equilibratiorthoe
(Fig.6). The imprinted polymer possesses shapecantplimentary binding sites which took more timeattain
saturation. This is because the template molecasett penetrate through the highly crosslinked ipelynetworks
to access imprinted cavities for rebinding. In fmprinted polymers there is no such specific ageament of
binding sites so the binding of the template ig.fake IIP acquired saturation within 120 min foFHGDA- and
135 min for EGDMA-crosslinked ion imprinted polyrsaerhereas NIP required 110 min.

(iii) pH dependance on Cu(ll)ion binding

The pH of the medium has a significant effect ontain@n binding. The metal ion binding of TTEGDAnG
EGDMA-crosslinked Cu(ll) ion imprinted and non-inmied polymers were investigated by varying pH fr8+.
In the entire cases copper ion binding increased wcrease in pH, reached an optimum value andedsed. At
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lower pH value protonation of the polymer took gldeading to lower metal ion uptake (Fig.7 a,b)e Tptimum
pH for Cu(ll) ion binding was found to be 5.5 iretbase of both EGDMA and TTEGDA crosslinked polysner
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Fig. 6 Effect of time on Cu(l1) ion uptake by 60% EGDMA- and TTEGDA- crosslinked Cu(ll) ion imprinted and non-imprinted

polymers
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Fig. 7 Effect of pH on copper ion binding by (a) 60%, (b) 80% EGDMA-and, TTEGDA -crosslinked Cu(l1) ion imprinted and non-
imprinted polymers

Sorption studies

The effect of concentration of metal ion solutiom gorption rate and capacity were studied. Defiaitgount of
imprinted and non-imprinted polymers were added @oml of metal ion solution. The solutions were l&rain
closed flasks. At regular intervals of time metah ibound was determined by AAS. The sorption dahtarsstics
were assessed by plotting both Langmuir and Frézim@otherms. The results obtained are giveni@g8Fwhich
describes that Langmuir type sorption took plackath EGDMA- and TTEGDA-crosslinked polymers.
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Fig. 8 Langmuir isotherm for 60% (a) EGDMA - and, (b) TTEGDA-crosslinked Cu(ll) ion imprinted polymers

Selectivity studies

Selectivity studies were carried out using 60% EGBMnd TTEGDA- crosslinked polymers. In the case of
EGDMA-crosslinked polymers maximum selectivity ibt@ined in copper-cobalt mixture compared to copper
nickel mixture. Compared to TTEGDA-crosslinked pofr EGDMA-crosslinked system showed effective
separation (Fig.9). This is due to the fact thatcfional host molecules on the imprinted polymerfaie are
immobilized with strict configuration suitable f@u(ll) ions, and that the ionic recognition is irdhced by the
nature of metal ion, ionic radius and charge.
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Fig.9 Selectivity studiesof copper ion imprinted polymersbased on 4-vinyl pyridine

Analysis of waste water

The synthesized copper ion imprinted polymers basedrosslinked poly (4-vinylpyridine) were appliéal the
selective separation of copper ions from water sasnpollected from Vembanadu lake, by column metand
analyzed by AAS. The obtained values describatlttie developed copper ion imprinted polymersediective
sorbents for removal of copper ions from water damprlhe results are listed in Table 3.

Table. 3 Analysis of waste water

Polvmer used Cu(ll) ion found Removed Recovery
y in lakewater (mg/lL)  (mg/L) (%)
EGDMA-crosslinked 0.66 0.640 98
TTEGDA-crosslinked 0.66 0.631 97
CONCLUSION

lon imprinting technology leads to highly stablenthetic polymers possessing selective moleculaogition

properties. The present paper report the posgisilif developing Cu(ll) ion selective polymersibg imprinting

approach. The synthesized Cu(ll) ion imprinted pwdy possess high sorption capacity. Swelling ofrinted

polymer is higher than that of non-imprinted systend decreased on complexation. The sorption oflY&u(s

increased with increase in pH and a saturationevalas obtained at pH 5.5. Copper ion imprinted ipely
exhibited high selectivity towards Cu(ll) ions froits mixture with Co(ll), Cu(ll) and Ni(ll) ions #n non-
imprinted polymer. The prepared polymer was stabld showed good selectivity and fast rebinding ciya
towards Cu(ll) ion compared with other sorbents. tB@ basis of all the above experimental resultsait be
concluded that, the developed Cu(ll) ion imprinpedymer has very good application prospects inséygaration of
Cu(ll) ions from mixture of metal ions and it waped successfully that it is a good sorbent fqpper ion from
waste water samples.

In general ion imprinted polymers showed memorytifer desorbed metal ion. This kind of recognitioogerty is
obtained by keeping the geometry of the desorbetlnen as such during the rebinding process wicturn

depends on the stability of the polymer matrix. Blability of the polymer matrix is depended on tiagure of the
monomers and extent of crosslinking agent. The mgrmbthe metal ion desorbed system could be etqiloior

the specific and selective sorption of desorbedalriens from a mixture of metal ions. Thus the deped ion
imprinted interpenetrating polymer networks canused as an effective biosorbent for removing mietad from

aqueous environment.
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