Available online at www.scholar sresear chlibrary.com

\(\a(maC/'a
Scholars Research Library & aD %,
O
Scholars Research . * *
Der Pharmacia Lettre, 2014, 6 (6):297-303 * Vﬂ <4 .
(http://scholarsresearchlibrary.com/archive.html) 4
Library

I SSN 0975-5071
USA CODEN: DPLEB4

Synthesis, characterization and chelation ion exchange properties of
copolymer resin
W. B. Gurnule™*, Jyotsana K hobragade® and Mudrika Ahamed?

'Department of Chemistry, Kamla Nehru Mahavidyalaya, Sakkardara, Nagpur, Maharashtra, India
’Department of Chemistry, Priyadarshani College of Engineering, Hingna Road, Nagpur, India

ABSTRACT

Copolymer resin 8-HQ5-SASF-111 was synthesized by condensation of 8-hydroxyquinoline 5-sulphonic acid and
semicarbazide with formaldehyde in presence of 2M HCI acid as catalyst. Resin was characterized by elemental
analysis, conductometric, viscosity measurements, UV-visible, IR and *H-NMR analysis. Chelation cation exchange
properties of this copolymer were studied for Fe**, Cu*?, Pb*2, Cd*?and Co*? ions. A batch equilibrium method was
employed for studying the selectivity of distribution of a given metal ions between polymer sample and a solution
containing metal ion. Study was carried out over a wide pH range and in a media of various ionic strengths of
different electrolytes. Polymer showed a higher selectivity for Fe** ion than for Cu*?, Pb*2 Cd*? and Co*?ions.

Keywords: Synthesis, ion-exchangers, batch equilibriumyithistion ratio, resin.

INTRODUCTION

The discharge of heavy metals into watercoursesserious environmental problem that significautffects the
quality of the water supply. Increasing concentradi of these metals in the wastewater constitigevare health
hazard because of their toxicity, persistence tunea and non-biodegradability, particularly whéeyt exceed the
permissible limits[1]. Heavy toxic metal ions are generally found togetim a hydrometallurgical, recycling or
wastewater process, preliminary separation of ttmetals ions are very essential at this junctuyatigsis ofo-
nitrophenol and thiourea witlp-formaldehyde terpolymer has been reported andchtslation ion exchange
properties were investigated by static batch dguilim method [2]. Lutfor et al [3] prepared a chiglg ion
exchange resin containing amidoxime functional gremd was characterized by FT-IR spectra, TG an@ DS
analyses and chelating behaviour of prepared mgam studied with Cu (1), Zn (1), Ni (ll), Cd (lland Pb (lI)
metal ions. Samir et al [4] synthesized ion excleargsin from 8-quinolinyl methacrylate and chardeesl by
conventional methods. Thermal analysis was cardetl using TGA and DSC. Metal ion uptake capacity of
synthesized copolymers has been estimated by leafigiibration method for different metal ions undkiferent
experimental conditions.

Three  phenol-formaldehyde  chelating  resins,  pohy@8roxyquinoline-5,7-diyimethylene),  poly(8-
hydroxyquinoldine-5,7-diyl-methylene) and poly(24aophenol-5,7-diylmethylene) were synthesized and
characterized by Ebraheem [5]. Poly[(2-hydroxy-4tfme&ybenzophenone)ethylene] resin and have shovad go
binding capacity for lanthanum (l11) at various ditions [6]. Recently much work has been carrietitowstudy ion
exchange properties of anchoring functional chegatjroups on polymeric network. As compared to areth
resins, synthesized resins were found to be movaraaigeous because the synthesized insoluble dmadized
polymer can provide good stability and flexibilityworking conditions.

Rivas [7] have been synthesized cross linked pdy(methacryloyl-amino)-propyl]-dimethyl(3-sulfoprgip
ammoniumhydroxide-co-2-acryl-amid glycolicacid [PBMPDSA-co-AGCO] by radical polymerization and tebte
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the synthesized polymer as an absorbent under diivpeand non-competitive conditions for Cu(ll),d@),
Pb(Il), Zzn(I1), Pb(ll) and Cr(lll) by batch and aohn equilibrium procedures. They reported thatrresetal ion
equilibrium was achieved within 1 hr and resin sedva maximum retention capacity value of 1.084 mgtfor
Pb(Il) at pH 2.

Rahangdale et. al. [8] synthesized a copolymenregicondensation of 2,2'-dihydroxybiphenyl andnfatdehyde
in presence of acid catalyst and studied chelatingxchange properties for Fe (lll), Cu (), Ni)(Zn (II), Cd (II)

and Pb (ll) ions. A batch equilibrium method waspéogyed for studying the selectivity of metal iontaie
involving the measurement of distribution of al $ofThe study was carried out over a wide pH rangmedia of
various ionic strengths and reported that the petysiowed a higher selectivity for Fe (l11), Cu) @nd Ni (1) than
for Co (I1), Zn (1) Cd (II) and Pb (ll) ions.

The present article describes the synthesis ofdexyquinoline 5-sulphonic acid -semicarbazide-nfaldehyde
copolymer resin using solution condensation teamiip the presence of acid medium. The synthesizsid have
been characterized by various spectral technignésanfirmed. The surface features of the copolyrasin were
examined by scanning electron microscopy. The i@mh&nge capacity of the copolymer resin was stubdijedatch
separation technique for the selective metal iowkthe results were compared with the commercilbilable ion-
exchange resins.

MATERIALSAND METHODS

Materials

The chemicals 8-hydroxyquinoline 5-sulphonic acédmicarbazide and formaldehyde (37 %) used wers. &.
grade chemically pure and purchased from Merck,ialndSolvents like N, N-dimethyl formamide and
dimethylsulphoxide were used after distillation

Preparation of 8-HQ5-SASF-111 Copolymer

The 8-HQ5-SASF-III copolymer resin was preparedcbgdensing 8-hydroxyquinoline 5-sulphonic acid (hal)

and biuret ( 0.1 mol) with formaldehyde ( 0.4 miolpresence of 2M HCI as a catalyst at temperat@re+ 2°C in

an oil bath for 5 hr. Brown coloured solid prodetttained was immediately removed and extracted diithy!

ether to remove excess of 8-hydroxyquinoline 54soific acid -formaldehyde copolymer, which may bespnt
along with the 8-HQ5-SASF-III copolymer. It was ther purified by dissolving in 8 % NaOH and theltefied.
The copolymer was then reprecipited by dropwiseteasidof 1:1 (v/v) conc. HCl/water with constantrehg and
filtered. The process was repeated twice. The tiagybolymer sample was washed with boiling wated dried in
a vacuum at room temperature. The purified copofymrasin was finely ground to pass through 300-nsah sieve
and kept in a vacuum over silica gel. The yielg¢@bolymer was found to be about 85 % (Table 1).

g
O:é—OH
] '
3n O +n  NHz—NH—C—NH, + 4n H—C—H
OH
8-HydroxyQuinoline, Semicarbazide Formaldehyde

5-sulphonic acid

acetic acid | 126+ 2

2M 5h
(Reflux)

8-HQ,5-SA-S-F-llI
Fig. 1. Synthesis of 8-HQ5-SASF-111 copolymer
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Analytical and physicochemical studies

Intrinsic viscosity was determined using a Tuangsugiscometer [9] at six different concentratioasging from
0.3 wt % to 0.05 wt % of resin in DMF at %D Intrinsic viscosityf) was calculated by using Huggin’s eq (1) [9]
and Kraemer eq (2) [9].

Elemental analysis was carried out on a Perkin ER4®0 Elemental Analyser instrument. UV—visibladst was
carried out using Shimadzu UV-VIS Spectrophotomit¢he range 200-800 nm. Infrared spectrum wasrosd in
the region of 500—-4000 ¢hon Shimadzu IR-Affinity Spectrophotometd-NMR studied using Bruker Avance-I|
FT-NMR Spectrometer in DMSOsdolvent. All analytical and spectral studies fowhesynthesized copolymer
were carried out at STIC Analysis, Kochi.

lon exchange properties

To decide the selectivity of 8-HQ5-SASF-IIl copolgmas an ion exchanger we have studied the infueric
various electrolytes using different concentratam at various pH, the rate of metal ion uptake disttibution of

metal ion between the terpolymer and solution. Témults of the batch equilibrium study carried auth the

copolymer sample.

Deter mination of metal ion uptake in the presence of electrolytes of different concentrations:

Copolymer sample (25 mg) was suspended in an elgigtrsolution of NaN@(25 ml) of known concentration. The
pH of the suspension was adjusted to required Jauesing either 0.1 N HCI or 0.1 N NaOH. The susen was
stirred for a period of 24 hrs at temperatutre °@5To this suspension 2 ml of 0.1M solution of thetal ion was
added and the pH was adjusted to the required v@he mixture was again stirred at %5 for 24 hr and filtered.
The solid was washed and the filtrate and washimge combined and the metal ion content was detexnby
titration against standard EDTA [8]. The amountnoétal ion uptake of the polymer was calculated fritna
difference between a blank experiment without payrand the reading in actual experiments. Experimers
repeated in presence of other three electrolytels as NaCl and NaCIONa,SO, at different concetration.

Evaluation of the Rate of Metal Uptake:

In order to estimate the time required to reachsthge of equilibrium under given experimental déods, a series
of experiments of the type described above wengethout in which the metal ion taken up by chelgtiesins was
determined from time to time at 26 (in the presence of 25 ml of 1M Nahl€blution). It was assumed that under
given conditions, the state of equilibrium was bshed within 24 hrs. Rate of metal ions uptakexpressed as
percentage of the amount of metal ions taken gy aftertain time.

Evaluation of the Distribution of the M etal Ions at Different pH:

Distribution of each one of the five metal ions ™ Cu? Pb? Cd? and Cd? between polymer and aqueous
phase was determined at %5 in presence of 1M NaNGolution. The experiments were carried out as riest
above at different pH values. The distributionga’ is defined by eq. (3).

D :\Nt.(mg.) of metal ionstakenup byl gm of terpolymer
WL.(mg.) of metal ion presentinlml.of terpolymer

RESULTSAND DISCUSSION

Copolymer which has been used in present invesiigas ion-exchanger was prepared as shown inioeact
scheme. Resin sample was brown in color, insolublommonly used solvents but was soluble in DMM 3D
and THF solvent. No precipitation and degradatiérresin occurred in all these solvents. This resas then
purified and analyzed for carbon, hydrogen andgin content and found to be in agreement withutatied value.

» Calculated for gHoNgO13S;: C: 48.12 %; H: 3.25 %; N: 10.52 %., O: 26.06%13.03%
» Found for G,H»¢NgO13Ss: C: 48.90 %; H: 3.03 %; N: 10.17 %. O: 26.45%13.12%

Viscometric Study

Viscometric measurements were carried out in DMEtem at 30C using a Tuan-Fouss viscometer [9]. Reduced
viscosity versus concentration (0.3 % - 0.05 %) yhted for each set of data. Intrinsic viscogity was then
determined by extrapolating linear plots as shownFig.2. The following equations were used to daiee
Huggin’s [9] and Krammer’s [9] constant, respedijve

NefC = NI+ KNZC  oooeeecee oot 1)
INNel/C =] -Ko[NJ2C oo, 2)
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Where,

[n] = intrinsic viscosity; C = concentration of satut;

k; = Huggin’s constant; 4 Kraemer’s constant;

Inn,/C = inherent viscosity; nsy/C = reduced viscosity.

According to above relations, a plotsmf/C andn./C against C were linear with slopes gfdnd k respectively.
Intercepts on the viscosity function axis have biaden [)] as intrinsic viscosity in both plots. Calculatealues of
the constants jkand k for intrinsic viscosities (Table 1) satisfy thea#bn k+ k, = 0.5 favourably [10]. It was

observed that copolymer having high‘ﬁﬁ have shown a higher value off
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Fig.2. Viscometric plots of 8-HQ5-SASF-I11 copolymer
UV-visible spectrum
UV-visible spectrum shown in Fig. 3 of 8-HQ5-SASFdopolymer sample in pure DMSO was recorded giae

190 nm-800 nm. Terpolymer sample displayed two attaristic broad bands at 245 nm and 290 nm. These
observed position for absorption bands indicatepifesence of a carbonyl (>C=0) group having a gaddggen
double bond which is in conjugation with aromaticleus. Later band can be accountedrfem™* transition while

the former band (less intense) may be due-tachtransitions [11].
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Fig.3. Electronic Spectra of 3 of 8-HQ5-SASF-I11 copolymer
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The bathochromic shift (shift towards longer wawglidn) from basic values of C=0O group viz. 310 ad® 2m
respectively, may be due to the combine effecoojugation and phenolic hydroxyl group (auxochrofd€) 13].

Infra Red-spectrum

IR-spectrum of 8-HQ5-SASF-III copolymer is presehie Fig 4 and data reported in Table 2. A broaddba
appeared in the region 3442 tmmay be assigned to the stretching vibration ohplie hydroxy groups exhibiting
intermolecular hydrogen bonding [12]. The presesfoeeak peak at 2917 chdescribes the —NH- in biuret moiety
may be ascribed in copolymeric chain [12, 13]. Phesence of methyl and methylene vibrations at 2847 gives
sharp and weak peaks. Sharp band displayed atd@33nay be due to stretching vibration of carbonylugrof
both, ketonic as well as semicarbazide moiety [84-Ihe sharp and weak bond obtained at 1373-d882 crit
suggests the presence of —£hhethylene bridges [15] in copolymer chain.
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Fig.4. Infrared spectrum of 8-HQ5-SASF-I11 copolymer

'H-Nuclear M agnetic Resonance Spectrum

'H-NMR spectrum of 8-HQ5-SASF-III copolymer was sead in DMSO-¢@ and the spectrum is as shown in Fig.5.
Weak multiplet signals (unsymmetrical pattern)tia tegion 7.42 ppm are due to aromatic protons.riiéthylenic
protons of the Ar-CEN moiety may be recognized as signal appearirtgarregion 4.25 ppm [12, 13]. The signal
in the region 7.66 ppm are attributed to the pretoh-NH- bridges. A medium singlet peaks appeate®d.51ppm
may be assigned to sulphonic acid protons oft5[22, 13]. The signals in the range of 8.65 ppm atributed to
presence of phenolic hydroxyl protons. This sigaifit downfield in chemical shift of proton of phéineOH group
clearly indicates intramolecular hydrogen bondifig@H with carbonyl group present at the adjaa@iiio position
[12, 13].

a4 1= 1= B 10 = = rd (=3 =3 “ = p=4 a (o) [=1=1gg]
Chemical Sift

Fig. 5. Proton NMR Spectrum of 8-HQ5-SASF-I11 copolymer

On the basis of the nature and reactive positiorthef monomer elemental analysis, electronic, #&NMR
spectrum and molecular weight, the most probable&ires have been proposed for this copolymehaws in the
reaction.
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lon-Exchange Properties

The results of the batch equilibrium study carmed with the copolymer sample 8-HQ5-SASF-III areganted in
Table 1-3. From the study with five metal ions undienited variation of experimental conditions, tn
generalization may be made about the behavioreo€tipolymer sample.

Effect of Electrolyteson Metal Uptake

We have examined the effect of BIOCI, CIO, and SQ? at various concentrations on the equilibrium otahe
resin interaction. Table 1 shows that the amoumbetfal ions taken up by a given amount of copolydegrends on
the nature and concentration of the electrolytsgmein the solution. In presence of nitrate, didand perclorate
ions the uptake of F& Cu? Pb? Cd? and Cd”ions increases with increasing concentration ottedytes.
However in the presence of sulphate ions the uptalacity decreases with rise in concentration.ddeer the
uptake of F& and PB? ions increases with increasing concentration &g, chloride and perclorate ions [16-18]
as compare to Cf Co? and Cii?ions whereas decreases in presence of sulphateAbnse nitrate, chloride and
perclorate ions form weak complex with the aboveaami®ns while sulphate ions form stronger complexs the
equilibrium is affected. This may be explained be basis of the stability constants of the comdexéh those
metal ions as reported earlier. This type of tremas been observed by other investigator in thid {i16-18].

Rate of Metal lon Uptake

The rate of metal adsorption was determined to dintdthe shortest period of time for which equilion could be
carried out while operating as close to equilibricamdition as possible. Table 2 show the dependehttes rate of
metal ion uptake on nature of the metal. Rate setierchange in concentration of metal ions in agseslution,
which is in contact with the given polymer. Theults showed that the time taken for the uptakeifdérént metal
ions at a given stage depends on nature of thel inetander given conditions. It is found thatHens required
near about 3 hrs for establishment of the equilibriwhereas Cd, Pb?, Cd™? and C&? ions required about 6 hrs.
Thus, rate of metal ion uptake follows the ordei’Be Cd?>Co™ > PB?> Cu'?for the copolymer [16-18].

Table 1.Evaluation of the effect of different electrolytes on the uptake of several metal ions*by 8-HQ5-SASF-I11 copolymer

Metal ion Electrolyte pH Weight of metal ion (in mg.) taken up in the pre=enf

(mol./l) NaClO, NaCl NaNQ NaSO

0.01 0.16 0.17 0.18 0.68

0.05 0.23 0.24 0.26 0.63

Fe® 0.10 2.5 0.34 0.35 0.36 0.49
0.50 0.55 0.56 0.57 0.43

1.00 0.72 0.72 0.72 0.34

0.01 0.09 0.10 0.08 0.58

0.05 0.27 0.27 0.11 0.49

Cu 0.10 45 0.44 0.46 0.38 0.42
0.50 0.58 0.61 0.55 0.32

1.00 0.65 0.68 0.74 0.20

0.01 1.19 1.28 0.25 2.38

0.05 141 1.48 0.65 212

Ca™ 0.10 6.0 1.54 1.68 1.01 1.62
0.50 1.64 1.79 1.72 1.43

1.00 1.95 1.97 2.20 1.12

0.01 0.19 0.17 0.21 0.64

0.05 0.34 0.27 0.33 0.50

Cd™? 0.10 5.0 0.43 0.37 0.44 0.41
0.50 0.50 0.50 0.66 0.37

1.00 0.59 0.64 0.79 0.26

0.01 0.81 0.92 0.84 1.80

0.05 1.17 1.07 1.42 1.47

Pb 0.10 6.0 1.43 1.54 1.72 1.23
0.50 1.82 1.97 2.03 0.98

1.00 2.33 2.40 2.56 0.71

I M(NO3),] = 0.1 mal./lit.; Volume = 2 ml.; Volume of electrolyte solution: 25 ml.; Weight of resin = 25 mg.; Time = 24 hrs, at room

temperature.

Distribution Ratios of M etal lons at Different pH

The effect of pH on the amount of metal ions disttion between two phases is given in Table 3. ddta on the
distribution ratio as a function of pH indicate tltae relative amount of metal ions taken up byotpmers
increases with increasing pH of the medium [16-T8le magnitude of increase, however, is differentdifferent
metal ions. The selectivity of Fe () ion is moi@ the 8-HQ5-SASF-IIl copolymer resins as compar¢he any
other metal ions under study. The order of distitburatio of metal ions measured in the pH randeta 6.5 is
found to be FE& >> Cd?=Co™” > Cu™> Pb? Thus the results of such type of study are hélipfiselecting the
optimum pH for a selective uptake of a particuleetah ion from a mixture of different metal ions {18]. The
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lowering in the distribution ratio of Féwas found to be small and hence, efficient sejmaratould be achieved.
Thus the separation of Befrom other metals having combination (1)"Fand Ci? (2) F€® and PB (3) Cu?and
Cd*? can effectively may separate out.

Table 2. Comparison of therates of metal (M) ion uptake® by 8-HQ5-SASF-111 copolymer

% of metal ion uptaleat different time (hrs.)

Metal ion T > 3 2 5 3
Fe 37 60 99 - - -
Cu*? 32 38 48 55 73 84
Ca" 19 37 49 59 82 87
Cd" 35 52 64 75 86 91
Pb'? 51 61 69 76 94 98

I M(NOs),] = 0.1 mal./lit.; Volume = 2 ml.; Volume of electrolyte solution: 25 ml.; Weight of resin = 25 mg.; Time = 24 hrs, at room
temperature.

PMetal ion uptake = (amount of metal ion absorbed x 100)/ amount of metal ion absorbed at equilibrium.

Table 3. Distribution ratio D? of various metal ion asa function of the pH® by 8-HQ5-SASF-I11 copolymer

Distribution ratio of metal ion at different pH
15 175 20 2.5 3.0 3.5 4.0 5.0 6.0 6.5
Fe™ 53 113 404 8800 - - - - - -
- - - 373 523 908 259.8 1886 2874 8801

Metal ion

Cu+2

Co"”? - - - 458 605 742 1450 344 846 8800
Cd? - - - 37.2 381 409 944 212 484 4355
PL™ - - 557 645 789 1483 345 1277 8801

D = Weight (mg.) of metal ion taken up by 1 gm. of copolymer/ Weight (mg.) of metal ions present in 1 ml. of solution.
’[M(NO3),] = 0.1 moal./lit.; Volume = 2 ml.; Volume of electrolyte solution: 25 ml.; Weight of resin = 25 mg.; Time = 24 hrs (equilibrium state),
at roomtemperature.

CONCLUSION

The 8-HQ5-SASF-IIl copolymer based on the condénmsagiolymerization of 8-hydroxyquinoline 5-sulphorscid
and semicarbazide with formaldehyde in the presehezid catalyst has been prepared. The structutiee resin
was clearly confirmed by spectral and elementalyasisa The 8-HQ5-SASF-III Copolymer is a selective chelgti
ion exchange polymer for certain metals. The capelyshowed a higher selectivity for'BeCd™and Cd?than for
Cu and PBions.
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