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ABSTRACT

Aniline was diazotized and coupled with SalicybadaFormaldehyde polymer and characterized
duly. The ligand was designated as PSA and its Incglates with Cif, Zn, Co?, Fe',
UO,**, Mn"?and Ni? metal ions were prepared. The PSA and its polysrestal chelates were
characterized by elemental analysis, spectral sidithermogravimetry,diffuse reflectance
spectral studies and magnetic susceptibilities. |&tl@ ion-exchanging properties of the
polymers were also studied by empolying the batghlibration method. All the samples have
also been monitored for microbicidal activity.

Keywords: Azo dyes, Salicylic acid-Formaldehyde polymer, ethanging properties,
antibacterial and antifungal activities.

INTRODUCTION

The effluents from mines and metal industries gethe serious problems in removal of heavy
toxic metal ions. The contents of these metaldflnent are almost above the valid limit [1-3].
The contents of this metal can be reduced by tretraf lime, but result is not satisfactorily.
Thus ion-exchange technigue has been proved vefglus this context. The ion-exchange
resin can be use for metal extraction from orelyaical reagent, and separation of metal ion and
deionization of water [4-10]. Most of commercial ion-exchange rssiare sulfonated
polystyrene-divinyloenzene copolymer [11-12]. Theeuof complex ion-formation in ion-
exchange resin has been prepared to solve theepndldl1-12].The aim of the present work to
prepare and study the novel ion-exchange resindbase condationploymer.Some of the
polymer like Salicylic acid-Formaldehyde polymefjSand its derivatives are known as ion-
exchanges [13-16]. Liturate survery reveals thahssalicylic acid-Formaldehyde polymer (SF)
type polymers have not been used as azo dye colipiesan afford for novel coloumed ion-
exchanges with good thermal stability. Hence tles@nt paper comprises the synthesis of novel
ion-exchange resin and its ion-exchanging properierusal of the literature reveals that such
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Salicylic acid-Formaldehyde polymer (SF) polymeawvér not been applied as azo dye coupler.
The work describe in the present communicationnisconnection with the synthesis and

characterization of a azo dye based on Salicylid- d&ormaldehyde polymer and its polymeric

metal chelates.so the proposed present work isoimexting with the polymers based on

Salicylic acid-Formaldehyde ligands. The synthatiate is shown in scheme 1.

COOH B COOH - COOH
OH OH OH

Hy H
C — c’

- -n
SA-Formaldehyde polymer

Ph—N,*ClI" | diazonium salt of aniline
COOH B COCH q COOH
OH OH OH
H2 H2
N=N -] C
L Jdn
PSA polymer

matel acetate

COOH - CO0O . COOH
OH OH OH

matel complex of PSA polymer

Where Mt=Cu*2,Co*2Ni*2,Mn*2,Zn*2 Fe**, UO,**
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MATERIALS AND METHODS

Materials

Salicylic acid-Formaldehyde polymer (mol.wt.470grole) was by reported method.[17] All the
chemicals used were of analytical grade.

Procedure

Synthesis of azo dyes based on salicylic acid-foroehyde:

Formation of PSA

Preparation ofazo coupling of aryl diazonium salts to salicylic @d-formadehyde (PSA)
Phenyldiazonium salt solution(0.1mole) was slowtided to an alkaline solution of salicylic
acid-Formaldehyde polymer (SF) (0.1mole) at pH ®8®G-and below 0. The resultant
solution was stirred for 2hr.The dye was precipidaby lowering the pH to 6.0.The precipitated
dye(PSA) was filtered off,wash with water and aied. The yield of PSA was 73% and
m.p.168-179C (uncorrected). The predicted structure and foomaof polymeric ligand is
shown in Scheme-1.

Analysis of PSA:CgHsN=N-(C7HsO3)3 (519)

C% H% N%
Calculated: 62.42 4.43 5.39
Found : 62.4 4.4 3 5.
Acid Value Theoretical: 219.6 mg KOH/1g. Sample

Found: 220mg KQgl/Sample.
IR Spectral Features(cm) : 3030, 1520, 1640 (Aromatic); 1710 (CO); 3450-31661);
8, 2940(CH) ; 1690(COOH)
TGA Wt loss due to decoarboxylation
first step: Theoretical-17.6% at 150°C
Found: 17.8% at 150°C

Preparation of Polymeric Chelates
The Cd*,Co*, Ni**, Fé*, UO,* Mn** and Zii* metal chelates of PSA have been prepared in a
similar manner. The procedure is as follow.

To a solution of PSA (51.9 g, 0.1 mole) in ethaacétone (1:1v/v) mixture (150 ml), 0.1N
KOH solution was added dropwise with stirring. Tgeesty precipitates were obtained at neutral
pH. These were dissolved by addition of water upléar solution. It was diluted to 250 ml. by
water and was known as stock solution. 25 ml ofdfeek solution (which contains 0.01 mole
PSA) was added drop wise to the solution of methl(6.005 mole for divalent metal ions and
0.0033 mole for F& ion) in water at room temperature. Sodium acesa@mmonia was added
up to complete precipitation. The precipitates waigested on water bath at 80° C for 2h. The
digested precipitates of chelates were filteredhedswvith water and air dried. It was amorphous
powder. Yield was almost quantitative. The detarks given in Table-1.
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Table- 1 Analytical and spectral data of the polymeric magl chelates of PSA (KL)

Analyses

Ligand/Polymers Empirical Formula Formula Weight %Found(Calculated) (Bu(;\f/lt )
%M %C %H %N o

- 62.4 4.4 5.3

(62.42) | (4.43) | (5.39)

5.5 570 | 4.2 4.9
[Cu(PSA)(HO),l, | Cu. GHN4O2H,0 1135.54 (5.59)| (57.06)| (4.22) | (4.93) 2.00

52 | 572 | 42 | 49
[Co(PSA)(HO)], | CO. GaHaN.O152H,0 1130.94 (5.51) | (57.29)| (4.24) | (4.95) 2.84

) . 5.1 57.2 4.2 4.9
[Ni(PSA)(H,0),], | Ni. CssHaaN4O15.2H,0 1130.71 (5.19) | (57.30)| (4.24) | (4.95) 4.03

48 | 574 | 42 4.9
IMN(PSA)(H,0),ln | Mn. CssHaN4O1.2H,0 1126.94 @.87)| (57.50)| (4.25) | (4.96) 4.82

33 | 584 | 43 5.0
[Fe(PSA)(HO)J, | Fe. GiHeeNgO27.3H,0 1663.85 (335 | (58.41)| (4.32) | (5.0 4.91

1.9 48.2 35 4.1 . .
[UO,(PSA)(H,0),] | UO,.Cs4H44N4O18.2H,0 1342 .01 | 48.28)| (3.57)| (4.17) Diamagnetic

10.7 55.1 4.2 4.9 . .
[Zn(PSA)(HO), | Zn. G4H4N4015.2H,0 1137.38 (5.74) | (56.97)| (4.22)| (4.92) Diamagnetic

PSA G7H23N,Og 519

MEASUREMENTS

Elemental analysis of PSA and its polymers wergieghrout on a C,H,N elemental analyzer
(Italy). IR spectra of BL and the polymeric chelates were scanned on al&igé0D FTIR
spectrophotometer in KBr. The azo group was detezthiby reported method.[18]The metal
content analyses of the polymeric chelates wertopeed by decomposing a weighed amount
of each polymeric chelates followed by EDTA (disodiethylene diamine tetra acetate) titration
as reported in the literature [19]. Magnetic susibdppy measurements of all the polymeric
chelates were carried out at room temperature bg tBouy method. Mercury
tetrathiocynatocobaltate (II), Hg[Co(NCS)], was dises a calibrant. Molar Susceptibilities were
corrected for diamagnetism of component atoms uBasgal’'s constant. The diffuse reflectance
spectra of the solid polymeric chelates were rembroh a Beckman DK-2A spectrophotometer
with a solid reflectance attachment. MgO was emgiiogs the reference compound.

Thermogravimetric analysis of PAS with its mateklettes were carried on DuPont 950 TGA
analyzer in air at a heating rate of 20C/min.

The batch equilibration method was adopted for ibreexchanging properties [20-21]. The
evaluation of the influence of different electra@yton metal uptake by the polymer, the rate of
metal uptake under specified conditions and distidim of various metal ions of different PH
values were carried out following the details af irocedures described earlier[20-21].

Table- 2 Thermo gravimetric analysis polymers of PSA

Ligand/ % weight loss at temperature TfC)
polymers 100| 200| 400, 500 60( 700
PSA(HL) - 20.0| 30.3] 40.2 456 48p

[CuL(H,O)l, | 25| 4.6 12.9 428 47y 53)1
[CoL(H,0)), | 46| 84| 16.6] 21.8 43.5 59/2
[NiL(H,O)l, | 4.7 | 83| 147 26.1 458 59/0
[MNnL(H,O)l, | 48| 6.4 9.4| 155 247 362
[ZnL(H,0), | 21| 31| 45| 153 234 354
[FeL(H.O)], | 20| 3.3| 35| 142 2083 348
[UO,LH,O)], | 2.2 | 29| 21| 138 198 312
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Antibacterial activities

Antibacterial activity of PSA ligand and its polyrsevere studied against gram-positive bacteria
(Bacillus subtilis and staphylococcus aurgasd gram-negative bacteria.¢oli and salmonella
typhi) at a concentration of m@/ml by agar cup plate method. Methanol system ugesl as
control in this method. The area of inhibition ohz measured in mm.

Table- 3 Antibacterial activities of polymers

Zone of Inhibition

Compounds . . .Gram +Ve Gram —\(e .

Bacillus subtilis | Staphylococcusaureus | Salmonedlatyphi | E.coli

[CUuL(H,0),l, 64 74 71 73
[CoL(H,0),l, 67 78 67 74
[NiL(H ,0),], 67 75 79 87

[MnL(H,0),l, 66 74 86 86
[ZnL(H,0),], 72 69 78 72
[FeL(H,0)l, 70 66 76 71

[UO,L(H,0),], 71 67 74 69

Antifungal activities

The fungicidal activity of all the compounds wasdied at 1000 ppm concentration in vitro.
Plant pathogenic organisms used wagaicillium expansum, Nigrospora Sp., Trichothes&mm
and Rhizopus nigricunThe antifungal activity of ligand and its polyraevas measured on each
of these plant pathogenic strains on a potato dextagar (PDA) medium. Such a PDA medium
contained potato 200gm,dextrose 20gm,agar 20gmweter one liter. Five days old cultures
were employed. The compounds to be tested wereesdsd (1000ppm) in a PDA medium and
autoclaved at 12@C for 15 min.at 15atm. pressure. These medium weueed into sterile Petri
plates and the organisms were inoculated afteiraptihe petri plates. The percentage inhibition
for fungi was calculated after five days using finenula given below:

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

Where, X = Area of colony in control plate
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
[CuL(H,0),], 77 78 63 58
[CoL(H,0).l, 68 72 67 77
[NIiL(H ,0),], 76 83 74 75
[MnL(H 20)2]n 75 74 86 79
[ZnL(H,0),], 63 76 74 76
[FeL(H,0)dl, 62 75 72 74
[UO,L(H,0)], 60 70 73 71

RESULTS AND DISCUSSION

The synthesis of the ligandzo dye based on Salicylic acid-Formaldeh{f@8A) has not been
reported in the literature. The ligand PSA wasatal in the form of a pale yellow powder. It is
insoluble organic solvents such as in dioxane, DM&®@ethyl sulfoxide), DMF. The results of
elemental analyses of the PSA ligand (Table-1)agreed with those predicted on the basis of
formula.
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The IR spectrum of PSA features are a broad baridnéing from 3450-3160cm with
maximum at 3314 cfh attributed to the OH group [22]. The weak bandsiad 2890 and 2940
cm™* may be due to asymmetric and symmetric stretchiimgtions of methylene groups(-Git
The band at 1680cfrdue to COOH group. The others bands are at theexive positions.

The polymers derived from PSA are insoluble in cannorganic solvents. Hence it is not
possible to characterized the polymers by molecolass using conventional methods like
osmometry, viscometry etc. These polymers do ndit mpeto 366C.

On the basis of the proposed structure shown irerf8eli, the molecular formula of the PSA
ligand is G7H23N2Og, Which, upon chelation coordinates with two cemnatal atom at four co-
ordination sites and two water molecules. Therefdihe general molecular formula of the
resulting polymer is given by [M(PSA).28] as shown in scheme-1. This has been confirmed
by the results of elemental analyses of all offthe polymers and their parent ligand. The data
of elemental analyses reported in Table | are nreegent with the calculated values of C , H
and N based on the above mentioned molecular farwiuhe parent ligand as well as polymers.
Examination of data of the metal content in eaammaund revealed a 1:2 metal: ligand (M: L)
ste%ichiometry in all of the chelate of divalent mdabns and 1:3 metal: ligand stoichiometry for
F +

Comparison of the IR spectrum of the ligand PSA #make of the polymers reveals certain
characteristic differences. The broad band at B cm' for PSA has almost disappeared for
the spectra of polymers. However, the weak banuisnal 3200 cr in the spectra of PSA-Go
PSA-NF*, PSA-Mr?* indicate the presence of water molecules which treaye been strongly
absorbed by the polymer sample. The weak band dra@tiOcnt is attributed to the C-O-M
stretching frequency [23].The band at 1430%dm the IR spectrum of PSA is attributed to the
in-plane OH deformation [23]. The band is shiftedi&rds higher frequency in the spectra of the
polymers indicating formation of metal-oxygen boitiese feature suggest that the structure of
the polymer. Magnetic momentsgfi of polymeric chelates are given in Table- 1.

The diffusion electronic spectrum of PSAZCpolymers shows two broad bands around 15,378
cm® and 22,727 ciThe first bands may be due%6,, >°E, transition, while the second may
be due to charge transfer. The first band showsctstre suggestion a distorted octahedral
structure for the PSA-G6 polymers. The higher value of4of the PSA-CG&" polymer support
this view [24,25]. The PSA-Kiand PSA-C&' polymers give two absorption bands respectively
at 17,249 and 23,997 ¢hand at 17,236 and 23727 ¢rwhich can be assigned respectively to
T1g>%Tag “T1>"* Ty transitions. These absorption bands and the valfigsy indicate an
octahedral configuration for the PSA?Niand PSA-C% polymers [26,27].The spectrum of [
MnPSA (HO),] show weak bands at 16,472, 17,689 and 23,18lassigned to the transitions
Baig— 4r1g(4G), Gig— 4124G) and @ig—4a1g.4eg respectively, suggesting an octahedral
structure for the [MnPSA®D),] polymer[27]. The spectrum of Eecomplex has not been
adequately characterized. The spectrum comprisedband ground 19018¢hand other weak
band ground 23010chiThe latter has not very long tail. These may h#wve transition
®A15—"T24 (4G) and®A;—T; (4G). The high intensities of the bands suggeststtiey might be
charge transfer in origingtis found to be lower than normal range. In the abseof low
temperature moments it is difficult to give anyrsfigance. As the spectrum of the [ZnPSA
(H20);] and [UGQL(H20),], polymers are not well resolved, they are notrprited but their
Hess value shows that there are diamagnetic as expected.
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The TGA data for the polymers are presented in &2blThe weight loss of the polymer
samples at different temperatures indicates thatdggradation of the polymers is noticeable
beyond 308C. The rate of degradation becomes a maximum atpdrature lying between
400°C and 500C depending upon the nature of the polymers. Eatymer lost about 56% of
its weight when heated up to 780 Inspection of the thermograms of PSA*C®SA-Mrf*and
PSA-NP* samples revealed that these samples suffered égeeweight loss in the range 150
to 28CC. This may due to the presence of water stroniggpibed by the polymers. It has also
been indicated earlier that the IR spectra of thtbsee polymer samples have OH bands at
around 3200 crhdue to associated water.

On the basis of the relative decomposition (% wss) and the nature of thermograms, the
polymers may be arranged in order in decreasirglityaas:

Cu<Ni<Co<Mn

This trend also coincides with the stability ordéneady reported for the metal oxinates [24] and
for polymers of PSA [22].

The antimicrobial activity of PSA and its polymease presented in Table-3 and 4. The data
suggest that all the samples are toxic to bacterfangus. The data also suggest that the % age
of bacteria or fungus is inhibited in the ranges6fto 80% depending upon the biospecies and
polymers.

lon-Exchange properties

The examination of data presented in Table-5 revisalt the amount of metal ions taken up by a
given amount of the PSA polymer depends upon ther@and concentration of the electrolyte
present in the solution. The amounts of FE€U/" and UQ* ions taken up by the polymer
sample increase with the increase in concentratiorons taken up by the polymer sample
increase with the increase in concentration of idkeschloride, chlorate and nitrate but decrease
with the increase in concentration of the sulfatesi The amounts of the remaining three metal
ions CG* , Mn?*, and ZA*, taken by the polymer sample decrease with theease in
concentration of chlorate, chloride, nitrate anlfiade ions.

Rate of metal uptake

The rates of metal absorption by the PSA samples weeasured for B& UO,*" , CU#* and
Mn?* ions presence of 1 M NaHG®@ know the time required to reach the stage afligium.

All experiments were carried out at pH 3. The exation of the results presented in Table.6
Shows that Ug* and F&" ions required slightly more than three hours far éstablishment of
equilibrium and Ct and Mrf* ions required about five hrs for the purpose.hia éxperiments
with solution containing Ug* and F&" ions, more than 70% of equilibrium was establisimed
the first hrs. This reveals that the rate of uptakenetal ions follows the order Y&, F&* >
CU?* > Mn**. The rates of uptake of Zhand C&" ions have been found to be very low at 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 thewsrhof metal ions taken up by the polymer
sample PSA at equilibrium increases with the ineeesn pH. The selectivity of the polymer
sample U&* and F&" ions are higher than that for each of the remainimgtal ions. The
distribution ratio for F& ions is lower than that for U by about 1800 units at pH 3. The
lower values of the distribution ratio for ¥eions requires its attachment with proper sites on
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three different polymer chains and that of the,8J@on requires such an attachment with sites
on two polymer chains . Among the remaining metakj Cd* has a high value of distribution
ration at pH 6 while the other three mental ion$’C&n?* , and MA* have a low distribution
ration over a pH range from 4 to 6. Further workhae direction of wide range at such polymers
and their ion exchanging properties are under psr

Table- 5 Evaluation of the influence of different &ctrolytes in the uptake of several metal ions; §it (NO3);] = 0.1 mole - I*)?

. Adsorption of mmol. - 10of the metal ion on PSA polynfer,
Metal ions| PH| [Electrolyte] NaClo, NaNQ NaCl NaSO,
(mole - I
0.01 0.18 0.14 0.18 0.35
0.05 0.25 0.16 0.19 0.32
cw 5.5 0.1 0.24 0.21 0.20 0.30
0.5 0.32 0.24 0.26 0.28
1.0 0.53 0.26 0.33 0.26
0.01 0.13 0.16 0.02 0.25
+ 0.05 0.29 0.23 0.07 0.12
Fe 2.75 0.1 0.32 0.25 0.11 0.07
1.0 0.43 0.28 0.31 0.06
0.01 0.22 0.22 0.21 0.31
0.05 0.23 0.23 0.22 0.32
uo 4.0 0.1 0.21 0.28 0.25 0.33
0.5 0.29 0.52 0.28 0.23
1.0 0.61 0.54 0.30 0.23
0.01 0.21 0.21 0.15 0.12
5.5 0.05 0.20 0.18 0.13 0.10
Co** ’ 0.1 0.12 0.17 0.12 0.07
0.5 0.09 0.12 0.11 0.06
1.0 0.05 0.08 0.07 0.05
0.01 0.21 0.25 0.23 0.16
0.05 0.18 0.23 0.21 0.15
Mn?2* 55 0.1 0.16 0.21 0.21 0.08
0.5 0.14 0.22 0.20 0.04
1.0 0.11 0.11 0.13 | = -
0.01 0.19 0.13 0.14 0.16
0.05 0.18 0.11 0.14 0.13
zZn? 5.5 0.1 0.13 0.12 0.10 0.10
0.5 0.08 0.08 0.05 0.06
1.0 0.07 0.06 0.02 0.02

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

Table-6 Comparison of the rates of metal (Mt) ion umake 2

Time (h) | Attainment of equilibrium stalte
Fe | uo? | c# | Mn*

0.5 69.8 37.7 41.1] 22.3
1 78.7 71.2 56.3 49.1
2 94.8 90.5 69.1 65.2
3 97.1 98.2 79.7 78.0
4 97.0 98.9 86.5 84.6
5 === === 93.0 89.8
6 === === 95.0 92.6
7 --- --- 99.1 97.7

a. [Mt (NOs);] = 0.1 mole - I*, volume 1 ml, [NaNG=1 mol I, volume 40 ml, pH = 3, temp 25° C, wt of PSA poyrd5 mg.
b. Related to the amount of metal ions taken upestate of equilibrium assumed to be establigh@d 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

pH Distribution ration of metal ions
Cu [ co | Mn*™ | zn™ | F€* | UO,™
15 | - el Dl 280
1.75| ----- e 140 445
20 | ---—-- --- ---- | 180 530
2.5 — --- ---—- | 455 615
30| 140| --| 165 --| 995 283(
4.0 270 20 260 105 ----
5.0 590 105 360 15(
6.0 | 2835| 365 425 294

CONCLUSION

Salicylic acid-formadehyde polymer reacts with diizm salt of aniline and gives phenyl azo
of Salicylic acid-formadehyde (PSA) polymeric ligamhe applicability of the polymeric ligand

was explored by preparing polymeric chelates usgliiffgrent divalent metal ion indicating that

the PSA polymeric ligand has good chelating propanid high thermal stability.

Further, the polymeric ligand is thermally moreb$athan its polymeric chelates. Among the
five polymeric chelates, M-PSA chelate is leasblstawhereas M-PSA polymeric chelates is the
most stable having a thermal stability comparablethtat of chelates may be used as heat
resistant material up to 3%D. The polymeric ligand follows a two steps therrdabradation
whereas polymeric chelates follow a single stepntiaé degradation.

A comparison of the thermal stability of the praspalymeric chelates with those of Salicylic
acid-formadehyde with aniline as pendent groupgafmeric chelates revels that the PSA
polymeric chelates are thermally more stable. Ringle magnetic susceptibility results indicate
that polymeric chelates of G Ni*?, F€*, UO,** ,Mn?*and Cd? are paramagnetic, whereas that
of Zn*? is diamagnetic in nature. All the polymers havedjmicrobicidal activity.
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