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ABSTRACT

A number of resins have been synthesized by rgattélamine with diamine and formaldehyde in presafdiCl
as catalyst, proved to be selective anion-exchaegi@s for certain metals. The present paper reptre synthesis
and ion exchange properties of a resin derived froelamine and phenylenediamine with formaldehyte.r&sin
MOPDAF, MMPDAF and MPPDAF were synthesized by the condensation of orthota-mend para-
phenylenediamine, respectively with formaldehyde melamine in the presence of a hydrochloric acthlyst.
These resins were characterized by elemental aigedysl antimicrobial activity against several bataé strains as
(Escherichia coli, Pseudomonas aeruginosa, Salntniiphi, Serratia marcescens, Staphylococcus ajreu
Staphylococcus epidermidis, Bacillus subtilis) &mlgal strains as (Aspergillus niger, Neurosporassa).

Keywords: Anion-Exchange Resins; Physicochemical properf@smicrobial activity

INTRODUCTION

The wide spread use of ion-exchange resins hadtedsin the development of many unique procedumsd a
processes, for both laboratory and industry. lochargers are broadly used in hydrometallurgy, aotid
purification, analytical chemistry, separation aflioisotopes and also discover large scale apjolicanh water
treatment and pollution [1-4]. To-day, ion-exchamgérmly established as a unit operation. Numsrplants are in
operation all over the world using these materfals applications ranging from the recovery of mgtélom
industrial wastes to the separation of rare eaitinshe laboratory, ion-exchangers are used inydinal and
preparative chemistry. lon-exchange membranes estemnded further, the application of these matgribhe most
important use of the membranes is in the demirgatidins of water besides other applications [5]ioArexchange
resins were prepared from aromatic amines such-plsemylene diamine by condensation with formaldehj8].
Anion exchange resins were also synthesized frophatic polyamines, which have the advantage ofdpeiot
quite so weakly basic as the aromatic amines andeaondensed with aldehydes and phenol or anagi@amine
is added to facilitate the condensation [9-18pbndensation of urea and urea derivatives withrgide [14-18] and
condensation of phenols, aldehydes and nitropasmafibllowed by reduction of nitro groups [19ield anion-
exchange resins. Dasare [2@ported preparation of anion-exchange resins froelamine, formaldehyde and
hexamine and from commercial cashwnut shell ligtétraethylenephentamine and formaldehyde. Aniahange
resins have also been prepared using polyvinylcdorpyridine and tetraethylenephentamine [21]. tifothe
resins prepared from condensation polymerizatiergaanular in shape. However, recent attemptsegiaping them
in bead form have been successful [22]. However, liferature studies have revealed that no ress been
synthesized using the monomers melamine, phenyi@mate and formaldehyde. Therefore in the present
communication we report synthesis, characterizadiwth Physicochemical propertiesMOPDAF, MMPDAF and
MPPDAF anion exchange resins.
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EXPERIMENTAL SECTION

All the chemicals and reagents were used of aralytjrade or chemically pure grade of Sdfine, Sighldrich and
Merck unless and otherwise specified. Unless atisermentioned, double distilled water was usecpfeparation

of the solutions and washing of the ion-exchangense HPLC grade DMF (dimethylformamide) and DMSO
(dimethoxysulfoxide) were used. The pH values wmesasured by PF 138 pH meter which is microproecesso
based, handy self contained and portable instrusrargplied by Elico limited;lyderabad, India. C, H and N were
analyzed using a GmbH Vario Micro cube Elementaalgzer (Germany).

Storage and Conditioning

The ion exchange resins after synthesis may comdanmolecular weight polymers or unreacted monamén
order to remove these materials Soxhlet extraatias adopted using Soxhlet apparatus with apprepsialvents.
Solvents used for this purpose were ethyl alcoladl acetone. The anion-exchange resins MOPDAF, MMIPDA
and MPPDAF were first extracted with acetone arghtiwith ethyl alcohol. The solvent extracted resivere
conditioned by alternate treatment with 4% sodiudrbxide and 5% hydrochloric acid. After severakalate
exhaustion and regeneration cycles, the resins themughly washed free of acid or alkali and weried until
free flowing and stored in tightly stoppered batlédnion exchange resins while regenerating in 6@te” form
were washed free of acid with alcohol and storetibjintly stoppered bottles.

Synthesis of Anion-exchange resins
Melamine was used as cross linking agent for tieh&sis of the resins.

Preparation of MOPDAF resin

12.6 grams of melamine (0.1mole) and 30 grams mh&tdehyde (1mole, 90ml, of 37% formaline) werectalkn a
500ml capacity round bottom three-neck flask fittgith a stirrer, a thermometer and a condenser.cbiméents of
the flask were warmed on a water bath to aboutC7@#th stirring till all the melamine dissolved. Tiois was added
10.8 grams of o-phenylene diamine (0.1mole) and®2f concentrated hydrochloric acid as catalyst #me
reaction mixture was heated at 90° C-95°C undéduxefonditions for about one hour and five minutgth stirring.
The reaction mixture gelled into a brown mass iouhhirty-five minutes after the addition of hydhdoric acid
and o-phenylene diamine. Now the stirring and Ingatvas stopped and the gel was removed from theelvasd
cured in an electrically operated oven at 100° &venty-four hours. The mass was crushed into gropesh size
and the sieved resin was stored for further expemtai work. Large scale reactions were carrieduogier exactly
similar conditions. Analytical data for§:gNg as per numerical calculations and experimentatlendes are
mentioned below respectively.

Elemental analysis data: Theoretically calculated C: 56.3%, H: 6.0%, H: 33.and experimentally found C:
56.0%, H: 5.6%, H: 37.3%.
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Scheme 1. Synthetic pathway of MOPDAF resin

Preparation of MMPDAF resin

12.6 grams of melamine (0.1 mole) and 30 gramsmhéldehyde (1mole, 90ml, of 37% formaline) wedetain a

500ml capacity round bottom three-neck flask fitegith a stirrer, a thermometer and a condenser.cbments of
the flask were warmed on a water bath to aboutC7@fth stirring till all the melamine dissolved. Tiois was added
10.8 grams of m-phenylene diamine (0.1mole) and|2®irconcentrated hydrochloric acid as catalyst #mel

reaction mixture was heated at 90° C-95° C undiuxeonditions for about forty five minutes withirsing. The

reaction mixture gelled into a black mass in abiem minutes after the addition of hydrochloric aeidd m-

phenylene diamine. Now the stirring and heating stapped and the gel was removed from the vessetared in

an electrically operated oven at 100° C for twefoty- hours. The mass was crushed into proper meshasd the
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sieved resin was stored for further experimentalkwbarge-scale reactions were carried out undactx similar
conditions. Analytical data for gqH:gNg as per numerical calculations and experimentalenges are mentioned

below respectively.

Elemental analysis data: Theoretically calculated C: 56.3%, H: 6.0%, H: 33.and experimentally found C:

56.6%, H: 5.7%, H: 37.2%.
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Scheme 2. Synthetic pathway of MMPDAF resin

Preparation of MPPDAF resin

12.6 grams of melamine (0.1 mole) and 30 gramewhéldehyde (1mole, 90ml, of 37% formalin) werectakn a

500 ml capacity round bottom three-neck flask ditteith a stirrer, a thermometer and a condensegs.cbimtents of
the flask were warmed on a water bath to aboutC7@fth stirring till all the melamine dissolved. Tiois was added
10.8grams of p-phenylene diamine (0.1mole) and 26Mmtoncentrated hydrochloric acid as catalyst &émsl

reaction mixture was heated at 90° C-95° C undiguxeonditions for about one hour and forty fivenutes with

stirring. The reaction mixture gelled into a grestnblack mass in about one hour and five minutes #fe addition
of hydrochloric acid and p-phenylene diamine. Nbw stirring and heating was stopped and the gelramasved

from the vessel and cured in an electrically omeratven at 100° C for twenty-four hours. The grelefilack mass
was crushed into proper mesh size and the sievad weas stored for further experimental work. Lasgale

reactions were carried out under exactly similanditions. Analytical data for {H:gNg as per numerical
calculations and experimental evidences are mezdidelow respectively.

Elemental analysis data: Theoretically calculated C: 56.3%, H: 6.0%, H: 33.and experimentally found C:
56.9%, H: 6.2%, H: 37.8%.
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Scheme 3. Synthetic pathway of MPPDAF resin

Physicochemical Properties of Resins
Results of physicochemical properties are repartddhble 1-3
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Determinations of moisture contents

Anion-exchange resins: About 1 gram of the aiedirresin in the free base form was accurately vegigh a
weighing bottle and heated at 100° C for 24 homran electrically operated oven. The loss in weigas$ recorded
and from a constant value obtained, the percentamsture content was calculated. Results are reganfTable 1.

Determination of density
The wet absolute density of the free base fornhefanion exchangers and amphoteric exchangers etesrdned
by the conventional method described by Kunin [Bsults are reported irable 1.

Determination of anion-exchange capacity

About 0.5 gram of air dried ion-exchange resinhe free base form was weighed in 100ml conicalkflasd
equilibrated with 50 ml of 0.1N hydrochloric acidh i1.0N sodium chloride solution. The acid consumed
(neutralized) after 24 hours was determined bgttitg an aliquot of the solution with standard &lka

Keeping separately 0.5 gram of the exchanger ifirdebase form with 50 ml of distilled water aretetmining the
free alkalinity, if any obtained blank readingsaBk readings were considered while calculatingcdugacity per
gram of absolute dry resin.

For the determination of the salt splitting capacébout 0.5 gram of air dried resin was weighed equilibrated
with 1.0 N sodium chloride solution and the allderated after 24 hours was determined by titcatim aliquot
with standard acid. Blank readings, if any, wereufed from the titration readings while calculgtithe salt
splitting capacity per gram of absolute dry reSlesults are reported irable 1.

pH titration study
The pH titration was carried out by the procedwrsadibed by Kunin [23]. The ptitration study of anion-exchange
resins are depicted ifable 2.1 — 2.3.

Anion exchangers

0.5 gram of the resins MOPDAF, MMPDAF and MPPDAFtle free base form were weighed accurately and
transferred to 100 ml glass stoppered flasks. BEffevolumes of 1.0 N sodium chloride solution dydrochloric
acid in 1.0 N sodium chloride solution were addeskping the total volume 50 ml. The flasks wereildayated for

24 hours with occasional shaking. A preliminary esiqment showed that 24 hours was sufficient to ialbtanstant
pH. Blank solutions were also kept without themesi

Aliquot were withdrawn and titrated for alkalinitr acidity, as the case may be. From the differencde titre
values of blank and the supertant solution, theaciips of the resins at different pH value werécuated
(moisture content was taken into account). Thelibguim pH of the supertant solution was determimsthg a pH
meter. Results are portrayedTiable 3.

Thermal stability
The following procedure was adopted for determirthmggthermal stability of the free base and therti forms of
the anion-exchange resins MOPDAF, MMPDAF and MPPDAF

One gram of the resin (whose capacity was knowrs) placed in a glass empoule with 20 ml of distileater. The
empoule was sealed and placed in a constant tetuapem@ven adjusted to the required temperature®(fand
120° C). After 24 hours, the empoule was removeatitha supertant solution was filtered and the resia washed
with distill water repeatedly. The filtrate and thvashing were diluted to a known volume. Acidityadkalinity if
any was determined by titrating an aliquot witmstard alkali and acid respectively.

Thus the quantity of acid or alkali liberated dgrineat treatment was determined. The washed regenerated
with the proper regenerant and capacity was detemni Decrease in capacity, if any, was noted. Resrke
reported inTable 3.

Rate of exchange
0.5 gram lots of the free base form of the resiasevequilibrated separately with 50 ml of 0.1 N topthloric acid
solution for different time intervals with interrtént shaking. At the end of definite predeterminatgrvals, the
solutions were decanted and a known volume waatdidragainst standard alkali to determine the dgyaoit acid
consumed. From this, the percentage of capacitizeglaat different time intervals was calculatecesRits are
reported inTable 3.
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In vitro antimicrobial activity

The bacterial cultures were grown overnight in Mutr broth and 0.5 ml of actively growing culturel(f-10°
cells/ml) was spread on Nutrient agar plates agpaigt Approximately 0.5 gm of resin was spot intated on
each plate (four per plate). Streptomycin (), Tetracycline (3Qug) and Penicillin (10 U) bio discs were used as
control antibiotics. The plates were incubated #t G overnight and size of zone of inhibition wasasured. The
fungal cultures were cultivated on MRB agar medimad spore suspension was prepared-{DOspores/ml). 0.3
ml was spread and resins were applied as descabede. The sizes of zone of inhibition were meabwaiter
incubation at room temperature (~25° — 30° C) fer @ays. The degree of inhibition was determineskeHdzon the
size of zone of inhibition measured in millimeténsm). The antimicrobial activity of the resins oackeria and
fungi are given iMmable 4.

RESULTS AND DISCUSSION

Three ion exchange resins were prepared and odligenously available raw materials such as o-pleseyl
diamine, m-phenylene diamine, p-phenylene diamamel melamine were used. The nature of the raw rakter
leaves no choice but to adopt condensation polyaoin for the synthesis of the resins. In the prafion of
anion-exchange resin, the temperature and visco$itiie melamine and formaldehyde condensate atirtiee of
addition of phenylene diamine was observed to kiear Concentrated hydrochloric acid were usedaslyst in
the synthesis of anion exchange resins. The renbitween melamine, m-phenylene diamine and forehgidie
MMPDAF took very shorter time for gelling than in the cgan between melamine, o-phenylene diamine and
formaldehydeMOPDAF and the reaction between melamine, p-phenylemaid&and formaldehydelPPDAF.

Table 1. Properties of ion-exchange resins

Resi Moisture Content | Wet absolute density| Total capacity meg/gm
esin . :

in % gm/ml of absolute dry resin
MOPDAF 13.9 2.835 3.833
MMPDAF 16.4 3.150 2.870
MPPDAF 18.5 4.022 3.721

Table 2.1 pH titration study of MOPDAF anion- exchange resin in the free-base form in the presence ©fO N sodium chloride solution.

Quantity of resin taken = 0.5 gram (air dry) Moistcontent = 13.9 %
Volume of equilibrating solution = 50 ml

Equilibrium period = 24 hours

Equilibrium temperature = 32° C

Solutions used :
(a) 0.1 N hydrochloric acid in 1.0 N sodium chlaisiolution
(b) 1.0 N sodium chloride solution

Volume of NaCl | Volume of HCI o Capacity meg/gm
Flask No. inml in NaCl (ml) Equilibrium pH of atg)solu¥e dr)(/] r%sin
1. 0.0 50.0 0.96 3.832
2. 2.5 47.5 0.96 3.770
3. 5.0 45.0 0.97 3.717
4. 7.5 42.5 0.99 3.650
5. 10.0 40.0 1.10 3.600
6. 12.5 37.5 1.19 3.484
7. 15.0 35.0 1.28 3.484
8. 17.5 32.5 1.33 3.367
9. 20.0 30.0 1.36 3.367
10. 22.5 27.5 1.42 3.290
11. 25.0 25.0 1.55 3.252
12. 27.5 22.5 1.62 2.925
13. 30.0 20.0 1.71 2.671
14. 32.5 175 1.90 2.207
15. 35.0 15.0 2.15 2.207
16. 37.5 125 2.47 1.805
17. 40.0 10.0 2.95 1.509
18. 42.5 7.5 3.30 0.924
19. 45.0 5.0 3.86 0.813
20. 47.5 2.5 3.97 0.750
21. 50.0 0.0 6.94 0.000

All the anion-exchange resins had excellent physitzbility and were insoluble in all the solveritfie data about
the moisture content, density and capacity of thethesized anion-exchangeMOPDAF, MMPDAF and
MPPDAF are presented ifable 1-3
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Table 2.2 pH titration study of MMPDAF anion- exchange resin in the free-base form in the presence ©f0 N sodium chloride solution.

Quantity of resin taken = 0.5 gram (air dry) Moigticontent = 16.4 % Solutions used :

Volume of equilibrating solution = 50 ml (a) 0.1 N hydrochloric acid in 1.0 N sodium chlaisiolution
Equilibrium period = 24 hours (b) 1.0 N sodium chloride solution
Equilibrium temperature = 32° C
Flask No Volume of NaCl Vplume of HCI | Equilibrium Capacity meq/gm
) inml in NaCl (ml) pH of absolute dry resin

1 0.0 50.0 0.96 2.751

2 25 47.5 0.98 2.631

3 5.0 45.0 1.00 2.631

4. 7.5 42.5 1.03 2512

5. 10.0 40.0 1.05 2,512

6 125 375 1.08 2.405

7 15.0 35.0 1.15 2.392

8 17.5 32.5 1.20 2.290

9. 20.0 30.0 1.22 2.272

10. 22.5 275 1.30 2.190

11. 25.0 25.0 1.36 2.153

12. 275 22.5 1.40 1.794

13. 30.0 20.0 1.52 1.794

14. 325 175 1.62 1.674

15. 35.0 15.0 1.76 1.320

16. 375 125 1.92 0.990

17. 40.0 10.0 2.05 0.957

18. 42.5 7.5 2.15 0.718

19. 45.0 5.0 2.70 0.718

20. 47.5 25 2.78 0.620

21. 50.0 0.0 6.40 0.000

Table 2.3 pHititration study of MPPDAF anion- exchange resin inthe free-base form in the presence of 1.0 N sodiuchloride solution.

Quantity of resin taken = 0.5 gram (air dry) Moigtlcontent = 18.5 % Solutions used :

Volume of equilibrating solution = 50 ml (a) 0.1 N hydrochloric acid in 1.0 N sodium chlaisiolution
Equilibrium period = 24 hours (b) 1.0 N sodium chloride solution
Equilibrium temperature = 34° C
Flask No Volume of NaCl Vplume of HCI | Equilibrium Capacity meq/gm_
) in ml in NaCl (ml) pH of absolute dry resin

1. 0.0 50.0 1.14 3.802

2. 25 47.5 1.14 3.802

3. 5.0 45.0 1.15 3.679

4. 7.5 42.5 1.20 3.598

5. 10.0 40.0 1.24 3.556

6. 125 375 1.29 3.556

7. 15.0 35.0 1.37 3.530

8. 17.5 32.5 1.40 3.490

9. 20.0 30.0 1.53 3.434

10. 22.5 275 1.66 3.311

11. 25.0 25.0 1.77 3.311

12. 275 22.5 1.96 3.205

13. 30.0 20.0 2.20 3.066

14. 325 175 242 2.662

15. 35.0 15.0 2.68 2.330

16. 375 125 2,97 1.594

17. 40.0 10.0 3.26 1.594

18. 42.5 75 3.40 0.806

19. 45.0 5.0 3.96 0.736

20. 47.5 25 4.02 0.603

21. 50.0 0.0 6.69 0.000

From the results summarized in the tables, it vieardhat the capacities of the synthesized ragere comparable
to those of similar type of conventional commeratad-exchange resins. Hojo, Kido and Takizawa[2{arted a
chelating resin based on gallic acid, phenol amch&édehyde. Gregor, Taifor, Citaral and Becker [@&Ye reported
a chelating resin based on anthranilic acid, résor@and formaldehyde. Matsumura and Komiya [26bBck and
Zielinaki [27], Devies, Kennedy, Lane and Williajz8] have reported salicylic acid and formaldehyadéymers.

But in all the cases only cation-exchange capacktave been determined.

127



Shailesh N. Zala J. Chem. Pharm. Res,, 2013, 5(2):122-130

Figure 1. The pH titration curve of MOPDAF resin

MOPDAF: melamine o-phenylene-diamine formaldehyde anion exchanger
45 . Cuantity of resin taken =0.5 gramiair dry)
Particle size=-20+40 BSS mesh
4 Equilibrium period=24 hours
Equilibrium temp =32°C
35 Solutions used:
£ {1) 0.1N Hydrochloric acid in 1.0M Sodium chloride solution
2 3 {2} 1.0M Sedium chloride selution
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Figure 2. The pH titration curve of MMPDAF resin
MMPDAF : melamine m-phenylene-diamine formaldehyde anion exchanger
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CQuantity of resin taken =0.5 gramiair dry)
Particle size=-20+40 BSS mesh
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Figure 3. The pH titration curve of MPPDAF resin
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Particle size=-20+40 BSS mesh
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Equilibrium temp =34°C
Solutions used:

(1) 0.1N Hydrochleric acid in 1.0N sodium chleride selution
{2} 1.0N sedium chloride selution
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However, in the investigation melamine was usedhas crosslinking agent instead of phenol. Hencéoran
exchange properties were introduced. Thus, by camaa crosslinking agent like phenol and usingamehe (with
primary amino groups) it was possible to obtainsslioked products having the anionic group presemthe
polymer matrix yielding resins.

Table 3. Thermal stability of anion — exchange ress

Temp. Name Original capacity % loss in capacity of absolute dry resin | % loss in capacity of absolute dry resin as
in °C meqg/gm of ' . as determined aftgr heating _ determined after regeneration
absolute dry resin | in the free base form in the salt form in the fredase form in the salt form
120° MOPDAF 3.833 3.98 n_iI 3.04 n_iI
C MMPDAF 2.870 2.92 nil 2.63 nil
MPPDAF 3.721 3.75 nil 3.45 nil
All the resins found stable up to 100° C temperatnly negligible loss was observed hence it wasrig.
Table 4. Antimicrobial Activity of Synthesized lonExchangers
Degree of inhibition of growth
Name Antibacterial Antifungal
E. P. S. S. S. S. B. A. N.
coli| aeruginosa| typhi | marcesceng aureus epidermidis| subtilis | niger | crassa
MOPDAF - - ++ - +++ +++ +++ - -
MMPDAF +++ +++ +++ ++ ++++++ (@) ++++ +++ + +++
MPPDAF - - +++ - ++++ + + - -
STREPTOMYCIN | ++++ +++++ ++++ ++++ ++++ ++++ - -
TETRACYCLINE +++ - + - ++++++ +++ ++ - -
PENICILLIN - - + - ++++++ (b) ++ ++++ - -
~10-11 mm.= + (a) = 40mm. (b) = 35mm.
~12-13  mm. = ++
~14-18 mm. = +++
~19-23 mm. =+ttt Anti. Disc. Size> 5-6mm.
~24-28  mm. = Spot size (resir) ~ 6mm.
~30-40 mm. = bt
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Figure 1 to 3 are the pH titration curves of the anion-excharegnsMOPDAF, MMPDAF & MPPDAF and
were characteristic curves for weakly basic aniechange resins. These were compared with thditpidion
curves of the weakly basic commercially availalgsim, Tulsion-WB [29, 30].

CONCLUSION

During the course of the investigation reportedehe@mion-exchange resins were synthesized and amgply
available raw materials o-phenylene diamine, m-plegre diamine, p-phenylene diamine were used. Miekm
(which is now available in the country) was usedhescross linking agent along with formaldehydbreée anion
exchanger resins were synthesized and characterized

An attempt was made to elucidate the structurénefrésins by determining their elemental analyBieoretical
elemental contents of the resins were calculateth fthe moles of the reactants taken for the syitthasd the
observed capacity of the resins. These values e@mpared with the elemental content experimentigigrmined
and were found to be almost similar.

Thermal stability of the resins was determined inehs found that these could be used safely U0 C; above
100 C they were susceptible to degradation and ladtqfahe total exchange capacity. It was also icowdd that
these resins were stable in the salt form as casgdpartheir hydroxyl form.

Antimicrobial sensitivity testing of the resins sted some interesting results. Among o-, m-, anch@aglene
diamine based resifdMPDAF was more effective, especially on gram-positivetbaa namelyS. aureusAll
were more effective in inhibiting the growth of grgositive bacteria. ResidMPDAF showed both antibacterial
as well as antifungal activity.
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