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ABSTRACT

Diazonium salt of p-toluidine reacted with salicylicid-formadehyde polymer afforded a novel liglitBA. The
ligand PTSA and its metal chelates with Cu(ll),1IBnCo(ll), Fe(lll), Mn(ll) and Ni(ll) metal ionsvere prepared.
The PTSA and its polymeric metal chelates were adtarized by elemental analysis, spectral studies,
thermogravimetry, diffuse reflectance spectral Eagnd magnetic susceptibilities. By Batch equilion method
chelation ion-exchanging properties of the polymerse studied. All the samples have also been oreulitfor
microbicidal activity.

Keywords: Azo dyes, salicylic acid-formadehyde polymer, iowwiganging properties, antibacterial and antifungal
activities.

INTRODUCTION

The effluents from mines and metal industries pethe serious problems in removal of heavy toxitaiens. The
contents of these metals in effluent are almosvatioe valid limit [1-3]. The contents of this mletan be reduced
by treatment of lime, but result is not satisfagyoiT hus ion-exchange technique has been proveguseful in this
context. The ion-exchange resin can be use forlragteaction from ore, analytical reagent, and safpan of metal
ion and deionization ofvater [4-10]. Most of commercial ion-exchange resiare sulfonated polystyrene-
divinylbenzene copolymer [11-12]. The use of compl-formation in ion-exchange resin has been aregp to
solve the problem [11-12].The aim of the presentkwo prepare and study the novel ion-exchangenfeased on
condationploymer.Some of the polymer like Salicylic acid-Faldehyde polymer (SA) and its derivatives are
known as ion-exchanges [13-16]. Liturate survemeads that such Salicylic acid-Formaldehyde poly($) type
polymers have not been used as azo dye couplescahisafford for novel coloumed ion-exchanges wittody
thermal stability. Hence the present paper comgrige synthesis of novel ion-exchange resin andoits
exchanging properties.[17-18] Perusal of the litemreveals that such Salicylic acid-Formaldehydimer (SA)
polymers have not been applied as azo dye couples. work describe in the present communicationnis i
connection with the synthesis and characterizatiom azo dye based on salicylic acid- Formaldelpalgmer ans
its polymeric metal chelates. so the proposed pteserk is in connecting with the polymers basedSalicylic
acid-Formaldehyde ligands. The synthetic routd@ns in scheme 1.

MATERIALS AND METHODS
Materials

Salicylic acid-Formaldehyde polymer (mol.wt.470grole) was prepared by reported method. [19] All the
chemicals used were of analytical grade and oldafirmen local market.
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Procedure

Synthesis of azo dyes based on salicylic acid-foraehyde:

Formation of PTSA

Preparation of azo coupling of aryl diazonium salts to salicylic @d-formaldehyde (CP-SA) Diazonium salt of
p-toluidine solution (0.1mole) was slowly added to an alkalémdution of Salicylic acid-Formaldehyde polymer
(SA) (0.1mole) at pH 8.5-9.0 and below @5 The resultant solution was stirred for 2hr.Tlye das precipitated
by lowering the pH to 6.0.The precipitated dye (€&} was filtered off, wash with water and air-driddhe yield of
PTSA was 79% and m.p.182-P84 (uncorrected). The predicted structure and foomadf polymeric ligand is
shown in Scheme-1.

COOH - COOH COOH
OH OH OH

H, H,
C — C |

- “n
Salicylic acid-Formaldehyde polymer(SA)

H3C N,*ClI-| | Diazonium salt of p-toluidine
COOH - COOH - COOH
OH OH OH
H;
H3C N=N C— C
H;

L Jn
PTSA polymer

Metal acetate

Mt/2
/
COOH . COOH
OH

OH OH
H,
HsC N=N c— C
H,

Metal complex of PTSA polymer

|
@)
©)
)

Where Mt=Cu*?,Co*?,Ni*?,Mn*2,Zn*? and Fe**

Scheme-I
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Preparation of Polymeric Chelates

The Cu (II),Co(ll), Ni(ll), Fe(lll), Mn (II) and Z{il) metal chelates of PTSA have been prepared sinalar
manner. The procedure is as follow.

To a solution of PTSA (53.3 g, 0.1 mole) in etHaaxetone (1:1v/v) mixture (150 ml), 0.1N KOH sadut was

added dropwise with stirring. The pasty precipgatere obtained at neutral pH. These were dissdiyeatddition
of water up to clear solution. It was diluted td@2%8l. by water and was known as stock solutionm25f the stock
solution (which contains 0.01 mole CP-SA) was addemp wise to the solution of metal salt (0.005 entdr

divalent metal ions and 0.0033 mole for Fe(lll))iam water at room temperature. Sodium acetateronania was
added up to complete precipitation. The precipitatere digested on water bath at 80° C for 2.5Tins. digested
precipitates of chelates were filtered washed wittter and air dried. It was amorphous powder. Yieds almost
guantitative. The details are given in Table-1.

MEASUREMENTS

Elemental analysis of PTSA and its polymers wereée@ out on a C, H, N elemental analyzer (Italid spectra of
H,L and the polymeric chelates were scanned on al®&iF60D FTIR spectrophotometer in KBr. The azougro
was determined by reported method.[20] The metatertd analyses of the polymeric chelates were padd by
decomposing a weighed amount of each polymericatéelfollowed by EDTA (disodium ethylene diamingde
acetate) titration as reported in the literaturé][2Magnetic susceptibility measurements of all fhaymeric
chelates were carried out at room temperature ey Gouy method. Mercury tetrathiocynatocobaltatg, (Il
Hg[Co(NCS)], was used as a calibrant. Molar Susb#ifies were corrected for diamagnetism of com@oinatoms
using Pascal’s constant. The diffuse reflectaneetsa of the solid polymeric chelates were recomed Beckman
DK-2A spectrophotometer with a solid reflectandaetiment. MgO was employed as the reference congpoun

TABLE 1 Analytical and spectral data of the polymeric mael chelates of PTSA (kL)

Ligand Analyses
olvmers Empirical Formula | Formula Weight %Found(Calculated) (Bue,\f,fi )
poly! %M %C %H %N o
- 630 | 45 | 50
PTSA GeHasN20g 533 (63.03) | (4.52) | (5.06)
54 | 577 | 44 | 48
[CU(PTSA)(HONI | Cu.GeHiN:O15.2H.0 116354 | 546) | (57.75)| (a.46) | a8y | 201
50 | 579 | 44 | 48
[Co(PTSA)(HO)]n | CO.GoeHagNsO1s.2H,0 1158.94 (5.08) | (57.98) | (4.48) | (4.83) 286
. : 50 | 579 | 44 | 48
[N(PTSA)(H:0)ln | Ni.CssHseN:O15.2H,0 US871 | 5.06) | (57.99) | (a.48) | (a.83)| 405
47 | 581 | 44 | 48
[Mn(PTSA)(HO)]n | Mn.CsgHaeNsO15.2H,0 115494 | 4 75)| (s8.18)| (4.50) | (a.8a)| 481
32 | 580 | 45 | 49
[Fe(PTSAYHOM | FeGHiNOx3HO | 170685 | 3. | so05)| (a.56) | (a02)| 40
56 | 576 | 44 | 47 | - -
[Zn(PTSA)(HO)n | Zn.CseHagNiO1s2H,0 116538 | (5.61) | (57.66) | (4.46) | (4.80) | Diamagnetic

Thermogravimetric analysis of PTSA with its matkelates were carried on DuPont 950 TGA analyzeirirat a
heating rate of 20°C/min.

The batch equilibration method was adopted for ibtreexchanging properties [22-23]. The evaluatidntie

influence of different electrolytes on metal uptalg the polymer, the rate of metal uptake undercifipd

conditions and distribution of various metal iorfigldferent PH values were carried out followingttetails of the
procedures described earlier[22-23].

TABLE 2 Thermo gravimetric analysis polymers of PTS\

Ligand/ % weight loss at temperature TfC)
polymers 100 | 200| 400/ 5000 600 700
PTSA(HL) - 19.9| 30.2f 40.1 455 48.
[CuL(HO)]n | 24 | 45| 128 424 476 530
[CoLHO)]n | 45| 84| 164 214 434 592
[NILH:O)]n | 46| 82| 146 265 452 5819
[MnL(H20);]n | 4.7 | 6.2 93| 153 246 364
[ZnL(H0))n | 20| 31| 44| 152 233 35p
[FeL(H:O))n | 21| 33| 35| 141 204 34)7
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Antibacterial activities

Antibacterial activity of PTSA ligand and its polgns were studied against gram-positive bact&eiflus subtilis
and staphylococcus aurduand gram-negative bacteriga.¢oli and salmonella typhgt a concentration of f@/ml
by agar cup plate method. Methanol system was asecbntrol in this method. The area of inhibitidnzone
measured in mm.

TABLE 3 Antibacterial activities of polymers

Zonelohibition(mm)

Compounds Gram +Ve Gram -Ve

Bacillus subtilis | Staphylococcusaureus | Salmonelatyphi | E.coli
[CuL(H20)]n 62 71 68 70
[CoL(H,0)]x 66 75 64 71
[NiL(H 20)], 64 72 76 84
[MnL(H20)]n 63 71 83 83
[ZnL(H;0)]n 68 66 74 69
[FeL(H,0)q], 67 63 73 68

Antifungal activities

The fungicidal activity of all the compounds wasidied at 1000 ppm concentration in vitro. Planthpgenic
organisms used werpenicillium expansum, Nigrospora Sp., Trichothesi8m, and Rhizopus nigricunThe
antifungal activity of ligand and its polymers wagasured on each of these plant pathogenic stoaires potato
dextrose agar (PDA) medium. Such a PDA medium @oediapotato 200gm,dextrose 20gm,agar 20gm and water
one liter. Five days old cultures were employede €hmpounds to be tested were suspended (1000ppmP DA
medium and autoclaved at £ZD for 15 min.at 15atm. pressure. These medium weueed into sterile Petri plates
and the organisms were inoculated after coolingptttei plates. The percentage inhibition for fungis calculated
after five days using the formula given below:

Percentage of Inhibition = 100(X-Y) / X

Where, X = Area of colony in controaf#
Y = Area of colony in tgdate

TABLE 4 Antifungal activities of polymers

Zone of Inhibition at 1000 ppm (%)
Compounds | Penicillium Expansum | Nigrospora Sp. | Trichothesium Sp. | Rhizopus Nigricum
[CUuL(H-0)], 77 79 63 62
[CoL(H20)]n 68 72 67 76
[NiL(H ;0)], 76 83 74 75
[MnL(H 20):]n 75 77 86 80
[ZnL(H;0)], 63 78 75 76
[FeL(H;0)4, 61 75 72 73

RESULTS AND DISCUSSION

The synthesis of the ligandzo dye based on salicylic acid-formaldehyB&SA) has not been reported in the
literature. The ligand PTSA was isolated in thaerfaf a pale greenish white powder. It is insolutnriganic solvents
such as in dioxane, DMSO (dimethyl sulfoxide), DMFhe results of elemental analyses of the PTSAntiga
(Table-1) are agreed with those predicted on tiséstid formula.

The IR spectrum of PTSA features are a broad batehding from 3450-3160 chwith maximum at 3314 cth
attributed to the OH group [24]. The weak bandsuadb2890 and 2940 ¢hhmay be due to asymmetric and
symmetric stretching vibrations of methylene grquPl-). The band at 1680chtue to COOH group. The others
bands are at their respective positions.

The polymers derived from PTSA are insoluble in pomn organic solvents. Hence it is not possible to
characterized the polymers by molecular mass usimyentional methods like osmometry, viscometry &tese
polymers do not melt up to 38D.

On the basis of the proposed structure shown irt@efi, the molecular formula of the PTSA ligand jgHgsN,Os,

which upon chelation coordinates with two centratah atom at four co-ordination sites and two watetecules.
Therefore, the general molecular formula of theultexy polymer is given by [M(PTSA).2/0] as shown in
scheme-1. This has been confirmed by the resuledenfiental analyses of all of the five polymers #war parent
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ligand. The data of elemental analyses reportdthbiie 1 are in agreement with the calculated vabfi€3 H and N
based on the above mentioned molecular formulh®fparent ligand as well as polymers. Examinatiodata of
the metal content in each compound revealed a E@lmigand (M: L) stoichiometry in all of the dage of
divalent metal ions and 1:3 metal: ligand stoichéomy for Fe(lll).

Comparison of the IR spectrum of the ligand PTSAl éimose of the polymers reveals certain charatieris
differences. The broad band at 3400-3100'dor PTSA has almost disappeared for the spectrpobfmers.
However, the weak bands around 3200'démthe spectra of PTSA-Co(ll), PTSA-Ni(ll), PTSA#VII) indicate the
presence of water molecules which may have beenglir absorbed by the polymer sample. The weak bamahd
1110cm’ is attributed to the C-O-M stretching frequenc§][Zhe band at 1430 chin the IR spectrum of PTSA is
attributed to the in-plane OH deformation [25]. Tivend is shifted towards higher frequency in thecta of the
polymers indicating formation of metal-oxygen borithese feature suggest that the structure of thgmeo.
Magnetic moments @4) of polymeric chelates are given in Table 1.

The diffusion electronic spectrum of PTSA-Cu(fiplymers shows two broad bands around 15,374 and 22,728
cm™.The first bands may be due ¥®,, >°E, transition, while the second may be due to chamayesfer. The first
band shows structure suggestion a distorted octahstiucture for the PTSA -Co(ll) polymers. Thelineér value of
Mers Of the PTSA -Cu(ll) polymer support this view [28]2The PTSA -Ni(ll)and PTSA -Co(llpolymers give two
absorption bands respectively at 17,250 and 23988 and at 17,237 and 23728¢mvhich can be assigned
respectively t0*T15>°Tog “T1g>*T1gp) transitions. These absorption bands and the vadiigsy indicate an
octahedral configuration for the PTSA -Ni(ll) and@$A -Co(ll) polymers [28,29].The spectrum of [Mn PTSA
(H,0);] show weak bands at 16,479, 17,690 and 23,162@ssigned to the transitionsyn§— 4r1(4G),
6A—4T,(4G) and 6A;—4A.44E, respectively, suggesting an octahedral structaretife [Mn CP-SA(HO),]
polymer[29]. The spectrum of Fe (Idpmplex has not been adequately characterizedspéetrum comprised the
band ground 19019cfand other weak band ground 23011chme latter has not very long tail. These may have
the transition®A;;—"T,, (4G) and®A;—T; (4G). The high intensities of the bands suggesis tiey might be
charge transfer in originggis found to be lower than normal range. In the absef low temperature moments it is
difficult to give any significance. As the spectrahthe [Zn PTSA (HO),] polymer is not well resolved , it is not
interpreted but their g4 value shows that there are diamagnetic as expected.

The TGA data for the polymers are presented in &&blThe weight loss of the polymer samples atediffit
temperatures indicates that the degradation ofptigmers is noticeable beyond 300 The rate of degradation
becomes a maximum at a temperature lying betwd6a°C and 500C depending upon the nature of the polymers.
Each polymer lost about 56% of its weight when &éaip to 700C. Inspection of the thermograms of PTSA-
Co(ll), PTSA-Mn(ll) and PTSA-Ni(Illsamples revealed that these samples suffered &gupieegveight loss in the
range 150 to 28C. This may due to the presence of water strongboebed by the polymers. It has also been
indicated earlier that the IR spectra of theseetipelymer samples have OH bands at around 320D due to
associated water.

On the basis of the relative decomposition (% wks) and the nature of thermograms, the polymens lmea
arranged in order in increasing stability as:

Mn>Co> Ni> Cu

This trend also coincides with the stability or@éready reported for the metal oxinates [26] armdpimlymers of
PTSA [24].

The antimicrobial activity of PTSA and its polymexse presented in Table-3 and 4. The data suggatsal the
samples are toxic to bacteria or fungus. The datasuggest that the % age of bacteria or fungirhibited in the
range of 58 to 81% depending upon the biospecigpalymers.

lon-Exchange properties

The examination of data presented in Table-5 revigwdt the amount of metal ions taken up by a gamount of
the PTSA polymer depends upon the nature and ctratien of the electrolyte present in the solutibhe amounts
of Fe(lll) and Cu(ll) ions taken up by the polynsample increase with the increase in concentratioons taken
up by the polymer sample increase with the incrégas®ncentration of ions like chloride, chloratedanitrate but
decrease with the increase in concentration o$titfate ions. The amounts of the remaining thremhiens Co(ll),

Mn(Il) and Zn(ll) taken by the polymer sample dexse with the increase in concentration of chloreléoride,

nitrate and sulfate ions.
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Rate of metal uptake

The rates of metal absorption by the PTSA samgleewneasured for Fe(lll), Cu(ll) and Mn(ll) ionsepence of 1
M NaHCG; to know the time required to reach the stage oflégium. All experiments were carried out at pH 3
The examination of the results presented in TabitesBows that and Fe(lll) ions required slighttpre than three
hours for the establishment of equilibrium and Qudhd Mn(ll) ions required about five hrs for therpose. In the
experiments with solution containing Fe(ll) ionsona than 70% of equilibrium was established infite hrs. This
reveals that the rate of uptake of metal ions fedldhe order Fe(lll) > Cu(ll) > Mn(ll). The rated uptake of
Zn(ll) and Co(ll) ions have been found to be veny lat pH 3. Hence the values are no reported.

Distribution ratio of metal ions at different pH values

The results described in Table.7 reveal that thewsmof metal ions taken up by the polymer sampl&A& at
equilibrium increases with the increase in pH. Ehkectivity of the polymer sample Fe(libn is higher than that
for each of the remaining metal ions. The distitiutratio for Fe(lll) ions is lower than that foy labout 1800 units
at pH 3. The lower values of the distribution r&to Fe(lll) ions requires its attachment with proper siteshoee
different polymer chains and that of the ion regsiisuch an attachment with sites on two polymamsh. Among
the remaining metal ions, Cu(ll) has a high valf@ig@istribution ration at pH 6 while the other threeental ions
Co(ll), Zn(I) and Mn(ll) have a low distribution ratiasver a pH range from 4 to 6. Further work in thexclion
of wide range at such polymers and their ion exghanproperties are under progress.

Table. 5 Evaluation of the influence of different Ectrolytes in the uptake of several metal ions; kit (NO5);] = 0.1 mole - [%)?

Metal ions| PH [Electrolyte] Adsorption of mmol. - T0of the metal ion on PTSA polynter
(mole - IY) | NaCIO; NaNQ NaCl NaSQ,

cuw* 55 | 0.01 0.18 0.15 0.19 0.34
0.05 0.25 0.17 0.20 0.31
0.1 0.24 0.22 0.21 0.30
0.5 0.32 0.25 0.27 0.29
1.0 0.53 0.27 0.33 0.25

Fe'' 2.75| 0.01 0.14 0.17 0.03 0.24
0.05 0.30 0.23 0.07 0.11
0.1 0.33 0.24 0.11 0.08
1.0 0.44 0.30 0.30 0.06

Co* 55 | 0.01 0.24 0.22 0.16 0.12
0.05 0.23 0.19 0.14 0.10
0.1 0.15 0.18 0.13 0.08
0.5 0.12 0.13 0.12 0.08
1.0 0.08 0.09 0.08 0.06

Mn? 55 | 0.01 0.22 0.27 0.26 0.17
0.05 0.20 0.26 0.24 0.16
0.1 0.18 0.24 0.23 0.11
0.5 0.16 0.23 0.22 0.07
1.0 0.13 0.16 015 | ---e--

zZn* 55 | 0.01 0.24 0.16 0.19 0.18
0.05 0.23 0.17 0.17 0.16
0.1 0.16 0.14 0.15 0.13
0.5 0.14 0.11 0.08 0.08
1.0 0.12 0.10 0.07 0.05

a. Volume of electrolyte solution 40 ml, time 24klume of metal ion solution 1ml, temp. 25 °C
b. Wt. of PTSA polymer 25 mg.

Table-6 Comparison of the rates of metal (Mt) ion ptake ?

Time (h) | Attainment of equilibrium state
Fe' [ Mn?

0.5 70.1 41.3 22.4
1 78.7 56.5 49.3
2 95.1 69.4 65.2
3 97.2 79.6 78.0
4 96.8 86.5 84.7
5 93.2 89.8
6 95.1 92.8
7 99.0 97.7

a. [Mt (NO3),] = 0.1 mole.I*, volume 1 ml, [NaNg=1 mol-1 %, volume 40 ml
pH = 3, temp 25° C, wt of PTSA polymer 25 mg.
b. Related to the amount of metal ions taken upestate of equilibrium assumed
to be established in 24 h and assumed to be 100%.
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Table-7 Distribution rations, D, of different metal ions as a function of the pH

H Distribution ration of metal ions
PP I"C@ [ CF [ Mn® | zi® | Fe&"

15 | | |
175 — e 175
20 | — — | — [ —] 200
25 | | — | — | ——| 480
3.0 | 165 170

4.0 285 35 285| 120
5.0 615 | 130| 375| 18§ -]
6.0 | 2870 390| 440] 320

CONCLUSION
The investigation described in the present artielels the following conclusion:

Salicylic acid-formadehyde polymer reacts with disizm salt of ptoluidine and gives p-toluidine azo of Salicylic
acid-formadehyde (PTSA) polymeric ligand. The aggdility of the polymeric ligand was explored byeparing
polymeric chelates using different divalent metal indicating that the PTSA polymeric ligand hasdehelating
property and high thermal stability.

Further, the polymeric ligand is thermally morebdathan its polymeric chelates. Among the fiveypotric

chelates, M-PTSA chelate is least stable, wheredSTBA polymeric chelates is the most stable haeirigermal
stability comparable to that of chelates may bedus® heat resistant material up to ®&0The polymeric ligand
follows a two steps thermal degradation whereagmpetic chelates follow a single step thermal degtiad.

A comparison of the thermal stability of the prespalymeric chelates with those of Salicylic acadrhadehyde
with aniline as pendent groups of polymeric chalatvels that the PTSA polymeric chelates are thyrmore
stable. Finally, the magnetic susceptibility resuitdicate that polymeric chelates of Cu(ll), Ni(lFe(lll), Mn(Il)

and Co(ll) are paramagnetic, whereas that of Zigltiamagnetic in nature.

All the polymers have good antibacterial as welaasfungal activity.
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