Available online at www.scholarsresearchlibrary.com

‘,\\ed Sc,e
é\A os‘p
Scholars Research Library g ®
= ®
< Q
[*] ~
Scholars Research Archives of Applied Science Research, 2012, 4 (5):2280-2288 2 \\S/ 8
(http://scholarsresearchlibrary.comvarchive.html) C\—-\_Q
Library

| SSN 0975-508X
CODEN (USA) AASRC9

Metal ion binding and biological properties of copolymer resin derived from
2, 4-Dihydr oxyacetophenone
Sanjiokumar S. Rahangdale

Department of Chemistry, Jagat Arts, Commerce and Indiraben Hariharbhai Patel
Science College, Goregaon-441 801, Gondia, Maharashtra, India

ABSTRACT

Copolymer resin (2,4-HADF-111) synthesized by the condensation of 2,4-dihydroxyacetophenone and dithiooxamide
with formaldehyde in 3:1:4 mol ratio using hydrochloric acid as a reaction medium, were proved to be selective
chelation ion-exchange copolymers for certain metals. The synthesized copolymer resin was characterized by
elemental analysis, TGA, FTIR, electronic absorption and *H NMR spectroscopy. The physic-chemical parameters
have been evaluated for the copolymer resin. The thermal stability of the copolymer was analyzed by thermo
gravimetric analysis. The activation energy and the order of the reaction were calculated for 2, 4-HADF-III by the
Freeman-Carroll method. 2, 4-HADF-III possesses antimicrobial activity for certain bacteria such as
Staphylococcus aureus, Escherichia coli, and fungi Aspergillus niger, Candida albicans. The semi crystalline nature
of the synthesized copolymer was established by scanning electron microscopy (SEM). The electrical property of the
copolymer was also evaluated at various concentrations and temperatures.
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INTRODUCTION

Polymers possess attractive applications for enwiental pollution control, bioinorganic catalysts,
hydrometallurgy, semiconducting devices, and metabvery from dilute solutions [1-3]. lon-exchargeare
widely used for the treatment of radioactive wastes) nuclear power stations [4]. A series of cyaleoivatives of
N-alkyl and N-aryl piperazine were synthesized &meir antimicrobial activities were evaluated aghiGram-
positive and Gram-negative strénAureus, P. Aeruginosa, S. Epidermidis, E.Coli and antifungal activities against
A. Fumigantus, A. Flavus and A. Niger. Few of the synthesized derivatives possess patgitiacterial activity and
some of the compounds were reported for its cyiotactivity [5]. Biological evaluation of novel midgen
containing aniline formaldehyde resin has beenistudnd the compounds were reported as a potdafuragdl and
antibacterial agent [6]. Long chain aliphatic estas well as organic and ferrocene containing Sbtlai$es were
synthesized and reported to have good antitumdicearter and antioxidant also a candidate [7]. P@yhydroxy-
4-methoxybenzophenone) ethylene] resin and itschalhates with lanthanides (l11) were screened faibacterial
activity and the metal chelated compounds maintstter activity compared to the ligand [8]. A copuokr
involving 2, 4-dichlorophenymethacrylate and viagletate was reported as a significant inhibitortiier growth of
microorganisms [9]. In an earlier communication-flif] from this department a number of such copolgntmve
been reported. However, no work has been carrigdoauthe synthesis, characterization, ion-exchaagé
biological properties of the copolymer resins frapd-dihydroxyacetophenone, dithiooxamide and fddetayde.
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MATERIALSAND METHODS

Materials

2, 4-dihydroxyacetophenone (SRL, Mumbai) and dikamide (Merck, India) were purified by rectifiegirt,

formaldehyde (37 %), metal chlorides and nitratiesetected metals (AR grade, Merck) were used eaived. All

the other chemicals, solvents and the indicatoch sas fast sulphon black F, methyl blue, xylen@dnge and
solochrome black were analytical grades procurethfQualigens Fine Chemicals, Mumbai, India. Stadidad

NaEDTA was used as a titrant for all complexometitcations. Double distilled water was used in dlet
experiments.

Synthesis of 2, 4-HADF copolymer resin

The 2, 4-HADF-III copolymer resin was prepared lboydensing 2, 4-HADF (5.58 gm, 0.3mol) and dithicnige

(1.20 gm, 0.1mol) with formaldehyde (15 mL of 37 0% mol) in the presence of 2M HCI (200 mL) asatalyst at
391 K in an oil bath for 5 h with occasional shakin ensure thorough mixing [14-17]. The solid mesis product
obtained was removed immediately from the flaskvds washed with cold water, dried and powderee. gdwder
was repeatedly washed with hot water to removeanted monomers. Then it was extracted with dieghiyer to
remove excess of 2, 4-dihydroxyacetophenone-foratgide copolymer which might be present along witi4-2
HADF copolymer resin. The purified copolymer resias finely ground and kept in a vacuum over sifjieh The
yield of the copolymer resin was found to be 78 ®he dried resin sample finely ground and sieveahtain

uniform particles of 300 mesh size and stored pokyethylene container. The sieved resin was usedufther
characterization. The reaction sequence of théhsgig of 2, 4-HADF-III copolymer resin is shownSoheme 1.

COCH,
aH 2M HCI
3n + nHN=C=C=NH, + 4n HCHO - >
non 5h, 391'K
S S
OH
2.4-Dihydroxy Dithiooxamide Formaldehyde
acetophenone
COCH, COCH, COCH,
OH OH OH
A CH, = NH=C =C~=NH~CH, CH, CH, <+
| oH g = OH OH In

Scheme 1. Synthesisof representative 2, 4-HADF-I11 copolymer resin

| on-exchange properties
The ion-exchange properties of the 2, 4-HADF-llpotymer resins were determined by the batch eqiili
method [19]. The ion exchange properties of th&-BADF-III copolymer resin has been presented is gaper.

Deter mination of metal uptake in the presence of various electrolytes and different concentration

The copolymer sample (25 mg) was suspended ineatrelyte solution (25 ml) of known concentratidme pH of
the suspension was adjusted to the required valussing either 0.1M HN@or 0.1M NaOH. The suspension was
stirred for 24 hrs at 38C. To this suspension 2 ml of 0.1M solution of thetal ion was added and the pH was
adjusted to the required value. The mixture wasnasfirred at 3°C for 24 hrs. The polymer was then filtered off
and washed with distilled water. The filtrate ahd twvashing were collected and then the amount ¢dlnen was
estimated by titrating against standard EDTA (ethgl diamine tetra-acetic acid) at the same pH (axpatal
reading). The same titration has been carried dtmowt polymer (blank reading). The amount of mébal uptake

of the polymer was calculated from the differeneéneen a blank experiment without polymer and #saling in
the actual experiments. The experiment was repéatbe presence of several electrolytes [18, 19].
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The metal ion uptake can be determined as,
Metal ion adsorbed (uptake) by resin = (X-Y) Z mrhghm.

Where,

‘Z’ ml is the difference between actual experiméngading and blank reading.
‘X’ mg is metal ion in the 2ml 0.1M metal nitratelstion before uptake.

‘Y’ mg is metal ion in the 2ml 0.1M metal nitratelstion after uptake.

By using this equation the uptake of various matak by resin can be calculated and expressedrinstef
milliequivalents per gram of the copolymer.

Estimation of rate of metal ion uptake asfunction of time

In order to estimate the time require to reachdfa¢e of equilibrium under the given experimentahditions, a
series of experiments of the type described abaue warried out, in which the metal ion taken ugh®ychelating
resins was determined from time to time aBQ(in the presence of 25ml of 1M NaR€blution). It was assumed
that, under the given conditions, the state oflédaiim was established within 24 hrs [19]. Theeraf metal uptake
is expressed as percentage of the amount of nogtaltaken up after a certain time related to thdhe state of
equilibrium and it can be defined by the followiredationship.

The percent amount of metal ions taken up at diffetime is defined as.

Percentage of amount of metal _ Amount of metal ion adsorbed x 100
ion taken up at different time Amount of metal ion adsorbed at equilibrium

Percentage of metal ion adsorbed after 1 hr = (300X
Where,

‘X’ mg of metal ion adsorbed after 1 hr and 'Y’ nof metal ion is adsorbed after 25 hrs, then by Y<iris

expression, the amount of metal adsorbed by polafter specific time intervals was calculated argressed in
terms of percentage metal ion adsorbed. This exgeti was performed using 0.1M metal nitrate sotutd Fé*

and CG".

Evaluation of the distribution of metal ionsat different pH

The distribution of each one of the seven metas iom, CG*, and F& between the polymer phase and the aqueous
phase was determined at %D and in the presence of 1M NaM€blution. The experiments were carried out as
described above at different pH values. The distitim ratio, D, is defined by the following relatiship?>.

_ Amountof metalion on resin N Volumeof solution(ml)
Amountof metalion in solution Weightof resin (Q)

. (ZX) 2
Metal ion adsorbed (uptake) by the resin — |———
Y )0.025

Where,

‘Z'= is the difference between actual experimeratdiag and blank reading,
‘C’ = gm is the amount of metal ion in 2ml 0.1M raktitrate solution,

‘Y’ = gm of metal ion in 2ml of metal nitrate solah after uptake.

Antimicrobial Screening

Biological assay depends upon a comparison of miébition of growth of microorganism by measurirftet
concentration of the sample to be examined with kthewn concentration of standard antibiotic. Foe th
antimicrobial analysis the in vitro disc diffusianethod has been employed. In this study the ligamdl their
chelates were tested for their effect on certaimdou pathogenic bacteria such as Gram-posithgpe(gillus niger
and Candida albicans).

The nutrient agar medium was boiled and sterilizgdutoclaving at 7 kg pressure (1’25 for 20 min for the study
of antibacterial activity. 20 mL media was pouratbithe sterilized Petri plates and kept at roomperature for a
few minutes, and allowed to solidify in plateswias then incubated for 12 h and inoculated withrogicganism
using sterile swabs. All of these manipulationsevearried out with utmost care under aseptic canmdit The test
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solution prepared by dissolving the compound in MM&as filled with the media using a micropipetted an
incubated at 38C for 48 h. The same procedure was adopted foamhiéungal studies in which potato dextrose
agar was the medium.

During the course of time, the test solution diffsisand the growth of the inoculated microorganisosh as
Staphylococcus aureus, Escherichia coli, Aspesiliiger, and Candida albicans were found to bectaffie The
activity developed on the plate was measured bysoraay the diameter of the inhibited zone in mibitmes. The
drug ciprofloxacin was used as the standard forebiacand nystatin for fungi.

RESULTSAND DISCUSSION

The copolymer resin is soluble in DMF, DMSO andrisoluble in almost all other organic solvents. The4-
HADF-III copolymer which has been used in the pnesevestigation was prepared by the reaction gimecheme
1.

I on-exchange properties

Batch equilibrium technique developed by Gregomlet and De Geiso et avas used to study ion exchange
properties of 2, 4-HADF-III copolymer resin. Two takions F&" and Cd@" in the form of aqueous metal nitrate
solution were used. The ion exchange study wasechout using three experimental variables : artEddyte and
its ionic strength b) uptake time and c) pH of #ggieous medium, Among these three variables, twe Wept
constant and only one was varied at a time to etalits effect on metal uptake capacity of the pass similar to
the earlier co-workers[23-26]. The details of expental procedure are given below.

Effect of dectrolyte and itsionic strength on metal uptake

We examined the influence 6ﬂO4',NO3', Cland S@ at various concentrations on the equilibrium of

metal-resin interaction. Figure 1-4 shows thatah®unt of metal ions taken up by a given amourtgogiolymer
depends on the nature and concentration of thérelgte present in the solution. Generally as cotregion of the
electrolyte increases, the ionization decreasesibeu of ligands (negative ions of electrolyte) @éase in the
solution which forms the complex with less numbemetal ions and therefore more number of ions majlable
for adsorption. Hence on increasing concentratiptake of metal ions may be increased, which iswtirenal trend.
But this normal trend disturbed due to the fornmmatad stable complex with more number of metal iovith
electrolyte ligands, which decrease the numbereathhions available for adsorption, hence uptakeeaeses.

Electrolyte solution + metal ion solution + polymet> electrolyte ligand - metal ion chelates + Polymenetal
ion chelates

If electrolyte ligand — metal ion complex is weddan polymer metal ion chelates, the more metalciam form
complex with polymer hence uptake of metal ion isren But if this complex is strong than polymer etal ion
chelates, more metal ions form strong complex widttrolyte ligand which make metal uptake capacityer by
polymer.

In the presence of perchlorate, chloride and mitrans, the uptake of Feand CG@" ions increase with increasing
concentration of the electrolytes, whereas in ttesgnce of sulphate ions the amount of the aboveioned ions
taken up by the copolymer decreases with increasorgcentration of the electrolyte [23, 24]. This ymize
explained on the basis of the stability constafthe complexes with those metal ions. The ratiploysical core
structure of the resin is significant in the uptaealifferent metal ions by the resin polymer. Tdraount of metal
ion uptake by the 2, 4-HADF-III copolymer resinftaund to be higher when comparing to the other ipelyc
resins [1, 25]
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Fig.1 Uptake of several metal ions® by 2, 4-HADF-I11 copolymer resin at five different concentrations of electrolyte NaNO3 solution
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Fig.2. Uptake of several metal ions* by 2, 4-HADF-I11 copolymer resin at five different concentrations of electrolyte NaCl solution
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Fig.3. Uptake of several metal ions® by 2, 4-HADF-I11 copolymer resin at five different concentrations of electrolyte NaClO, solution
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Fig. 4. Uptake of several metal ions® by 2, 4-HADF-I11 copolymer resin at five different concentrations of electrolyte Na,SO, solution

Estimation of therate of metal ion uptake as a function of time

The rate of metal adsorption was determined to dintdthe shortest period of time for which equiliion could be
carried to while operating as close to equilibricomditions as possible. As shaking time incredsegblymer gets
more time for adsorption, hence uptake increaseth@iincreasing in the time. Figure 5 shows theeddpnce of
the rate of metal ion uptake on the nature of tkeéainThe rate refers to the change in the conagoitr of the metal
ions in the aqueous solution which is in conta¢hwhe given polymer. The result shows that theettaken for the
uptake of the different mental ions at a given stdgpends on the nature of the metal ion undengieeditions. It
is found that Fe (lIl) ions require about 3hrs tloe establishment of the equilibrium, whereas Quighs required
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about 5 or 6 hrs [23, 24]. The rate of metal uptaley depend upon hydrated radii of metal ions. rEite of uptake
for the post transition metal ions exhibit otheanal for Fe (lIl), the rate of uptake is in the cargble that of Cu
(1) because of difference in ‘d’ orbital.

—e—Fe ()
140 1 —=—Cu (II)

120 -

100 -

(o)
o
I

Uptake of Metal lon (%)
iy 2]
o o

N
o
I

0 T T 1

0 2 4 6
Time (h)

Fig.5. Comparison of therate of metal ion® (m) uptake® by 2, 4-HADF-I11 copolymer resin

Distribution ratios of metal ions at different pH

The effect of pH on the amount of metal ions digttéd between two phases can be explained by thegdeen in
Figure 6. The data on the distribution ratio asrecfion of pH indicate that the relative amountredtal ion taken up
by the 2, 4-HADF-IIl copolymer increases with inaseng pH of the medium [24, 25].The magnitude aféase,
however, is different for different metal catiof$ie study was carried from pH 2.5 to 6.5 to prevemrolysis of
metal ions at higher pH. For metal ion*Féhe highest working pH is 3, where distributiotiogas medium, since
Fe** forms octahedral complex with electrolyte ligastiowing crowding effect (sterric hindrance), whictay
lower the distribution ratio of B&ions. The value of distribution ratio at partiautd thus depends upon the nature
and stability of chelates with particular metal.idie data of distribution ratio show a randomdréncertain cases
[26]. This may be due to the amphoteric naturehef 2, 4-HADF-III resin. From the result it revedhat with
decrease in atomic number, the ion uptake capé#gitycreased. The sterric influence of the acetglug and
hydroxyl group in 2, 4-HADF-III resin is probablgsponsible for their observed low binding capasifeg various
metal ions. The higher value of distribution rafo Cu (1) may be due to the formation of morebdacomplex
with chelating ligands. Therefore the polymer unsieidy has more selectivity of €uthen other ions which form
rather weak complex. While at pH 3 the copolymes trmre selectivity of Féions. The order of distribution ratio
of metal ions measured in pH range 2.5 to 6.5usdato be Fe (IIl) > Cu (Il). Thus the results ath type of study
are helpful in selecting the optimum pH for a stlecuptake of a particular metal cation from a tuie of different
metal ions [20]. For example, for the separationCaof (Il) and Fe (lll) the optimum pH is 2.5, at whithe
distribution ratio ‘D’ for Cu (ll) is 74.3 and thdior Fe (lll) are 530.4. The lowering in the dibtrtion of Fe (llI)
was found to be small and, hence, efficient searaiuld be achieved [1, 26].

The strength of ion exchange capacities of variesss can be studied by comparing their ion exgbamapacities.
The ion exchange capacity (IEC) is a fundamenta mmportant quantity for the characterization ofy&on
exchange material. It is defined as the amounpmthat undergoes exchange in a definite amoumtatérial, under
specified experimental conditions. The ion exchaogpacity of 2, 4-HADF-IIl copolymer has been cédted,
which was found to be 4.8 meq.g-1 which indicated 2, 4-HADF-III copolymer resin is better ion @anger than
commercial phenolic and some polystyrene commeimiaéxchangers.
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For the strongly acidic cation exchange resin sashcross linked polystyrene sulphonic acid resihs, ion
exchange capacity is virtually independent of the qf the solutions. For weak acid cation exchangsush as

those containing carboxylate group, ionizationssuog only in alkaline solution. Similarly weakly $ia cation
exchanger does not work above pH-9.

2500 -
—e—Fe (Il
2000 - —&—Cu (Il)
a
9
T 1500 -
04
C
S
5 1000 -
@
0 500 |
0 T T T T T T 1
0 1 2 3 4 5 6 7
pH of Solution

Fig.6. Comparison of therate of metal ion? (m) uptake’ at different pH

Antimicrobial Screening

The microbial screening results of 2, 4-HADF-Illpgdymer ligand are presented in Table 1; show higlegvity is
due to the donor atoms of the ligand andsifedectrons delocalization. This effect increaseslifrophilic character,
which favours the permeation through the lipoidelapf the bacterial and fungal membranes [15]. Tlgher
activity may also be due to the presence of - O#ithe aromatic ring [26]. It is perceived that fhetors such as
solubility, conductivity, dipole moment and cell rpeability mechanism may be alternative reasonstffier
increased activity of the metal complexes [25]. Tipand has good inhibition against the growth off-negative
bacteria which induces tumour. Hence the copolyligand may possess antitumor activity. The Gramitpes
bacteria are both pathogenic and invasive. Thelgom@ has good inhibition characteristics agaihst growth of
this pathogenAspergillus niger cause aspergillosis, the growth of the fungusidrolled by the copolymer chelates
to some extent. Th€andida albicans can penetrate into the intestinal walls and caliseases. From the findings,
the growth ofCandida albicans is inhibited by the addition of 2, 4-HADF-III copymner resin.

Table 1. Antimicrobial activities of 2, 4-HADF-I11 copolymer resin

Copolymer Diameter of zone of inhibition (mm)
S. Aureus | E.Coli | A. Niger | C. Albicans

2, 4-HADF-IlI 18 19 20 19

Solvent (DMSO) - - - -

CONCLUSION

A copolymer 2, 4-HADF-IIl based on the condensatieaction of 2, 4-dihdroxyacetophenone and dithémoixie
with formaldehyde in the presence of acid catalyas prepared. 2, 4-HADF-Ill is a selective chelgtion-
exchange copolymer resin for certain metals. ThEolymer resin showed a higher selectivity fof'Fend C§*.
The copolymer resin shows higher activity againsttain bacterial strains such &aphylococcus aureus,
Escherichia coli, and fungal strain8spergillus niger andCandida albicans.
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