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ABSTRACT

Acid catalyzed phenol-formaldehyde (PF) i.e. nowalasin was prepared by established method anditheas
treated with succinic anhydride. The resultant atigric ligand called phthalated novolac desighae&PH-PF
and was characterized by elemental and spectriisimalhe oligomeric metal chalets of SPH-PF v@uf*, Co™*,
Ni%*, Mn?* and Z" metal ions were prepared and studied for theirahligand (M:L), stoichiometry, magnetic

moment, spectral features, number-average molesg@ht(Mn ) and by thermogravimetry.

Keywords: Novolac resin, Number average molecular WeidW(), IR, NMR, Reflectance, Thermogravimetric
analysis (TGA), Magnetic moment, Antibacterial akatifungal activities.

INTRODUCTION

Phenolic resins are commodity materials for widpligations [1-3]. They are bifurcated into novokaed resoles.
Particularly novolac are acid catalyzed productsmbler of modifications of these resins is made ftother
application [4-8]. One of the area in which the olee having pendent metal complexing ligand has besn
reported. So it was thought interesting to oligaméigand based on novolac. Thus the present corization
confirms the studies oligomeric ligand having soixiacid as pendent ligand. Hence the presenteadiescribes
the synthesis and characterization of a novel aligric ligand SPH-PF and its coordination polymaith Cu*,
Co™, Ni**, Mn*" and ZA* metal ions. The whole research scanned in scheme 1

MATERIALS AND METHODS

Materials
All the chemicals used were of AR grade and wetainbd from local dealer.

PROCEDURE
Synthesis of Oligomeric Ligand PH-PF
The novolac resin (Phenol-formaldehyde (PF) reseg prepared by method reported in literature [9].

SPH-PF was prepared by a reported method as f¢llojv

According to this method, novolac resin (0.01mal&)s dissolved in 50 ml of tetrahydrofuran solvelti;20 g of
crushed ice was added. The 1.5 g (1.5ml) of suc@nhydride in 50ml tetrahydrofuran was added i® ¢blution

by shaking the mixture vigorously for 30-60 secondleen it was refluxed for 3hrs, the precipitatdsester
separated. The yield of was 86 % and its meltinigtpeas 211-21%C (uncorrected). The predicted structure and
formation of polymeric ligand designated as SPHd”$hown in Scheme-1.
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Where M=Cu?", Co?* Ni**, Mn?" and Zn*"

scheme-1

Preparation of Polymeric chelates

All Polymeric chelates were synthesized by usingaireccetates in a general method described assillo
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To a solution of SPH-PF (20.6 g,0.1 mole) in ettametone (1:1v/v) mixture (150 ml), 0.1N KOH sadut was
added dropwise with stirring. The pasty precipgatere obtained at neutral pH. These were dissdiyeaiddition

of water up to clear solution. It was diluted td2%5l. by water and was known as stock solutionm2bf the stock
solution (which contains 0.01 mole SPH-PF) was dddi®p wise to the solution of metal salt (0.005lamimr
divalent metal ions) in water at room temperatUsedium acetate or ammonia was added up to complete
precipitation. The precipitates were digested otewhath at 80° C for 2h. The digested precipitateshelates
were filtered washed with water and air dried. #swvamorphous powder. Yield was almost quantitafite detail

are given in Table-1

Measurements:

Elemental analysis of SPH-PF and its Polymericatkslwere carried out on a C,H,N elemental anaitady). IR
spectra of KL and the polymeric chelates were scanned on al®&ig60D FTIR spectrophotometer in KBr. The
metal content analyses of the polymeric chelatese vperformed by decomposing a weighed amount o eac
polymeric chelates followed by EDTA (disodium ettiyé diamine tetra acetate) titration as reportadaditerature
[11]. Magnetic susceptibility measurements of b# polymeric chelates were carried out at room &atpre by
the Gouy method. Mercury tetrathiocynatocobaltath), (Hg[Co(NCS)], was used as a calibrant. Molar
Susceptibilities were corrected for diamagnetism component atoms using Pascal's constant. The seiffu
reflectance spectra of the solid polymeric chelatese recorded on a Beckman DK-2A spectrophotomeittr a
solid reflectance attachment. MgO was employedh@sdference compound.

The number average molecular weighdn ) of all the Polymeric chelateswere determined byhwo@treported in
earlier communications [12].

Table-1: Analytical And Spectral Data of The Polymeric Clelates Of SPH-PF(HL)

Ligand/ Analyses e R
- . o "
Co-ordination polymers Empirical Formula  Formula Weight ()/()/'c\)/lFoundg/CO:(:c:llculat;‘;j|_)| BM) ( Mn ) + 60 Dp
SPH-PF GH10s 206 - (22'(?7) ( . ':5) - . -
[Cu(SPH-PR(H.0)], CU.GaH2010 489.54 129 = 539 44 2.03 3002 6

(12.97) (53.92) (4.49)
121 544 45

[Co(SPH-PEXH:0)]. Co.GaHzOm0 484.94 (215 (a4 (15s 288 2860 6
[Ni(SPH-PFY(H,0) Ni.CoH2:010 484.71 (1121"191) (55:2‘6) (f'553) 402 2490 5
[Mn(SPH-PF)(H20)]n Mn.Cz2H2:010 480.94 (1111.':2) (55;;9) (:'557) 4.84 2968 6
[Zn(SPH-PF)(H20),] Zn.GyH2:040 491.38 (1193 1320) (55?? '772) (f. f7) Diamagnetic 2536 5

Table- 2: Thermo Gravimetric Analysis Polymeric Chéates of PH-PF

Ligand/ % weight loss at temperature T{C)
Co-ordination polymers 100 200 400 500 600 700

Hal 51 96 399 451 480
[CuLa(H0), 20 48 128 422 476 532
[CoLa(H0), 42 82 162 219 431 590
[NiL 2(H20), 45 81 145 261 450 592
[MNLo(Hz0)], 46 65 92 150 248 359
[ZnLo(H,0)], 1.9 31 46 148 232 350

Thermogravimetric analysis of Polymeric chelatesagarried on DuPont 950 TGA analyzer in air at ating rate
of 20C/min.

Table- 3: Antibacterial Activity of Co-Ordination P olymers

Zone of Inhibition

Compounds Gram +Ve Gram —-Ve
Bacillus subtilis  Staphylococcusaureus  Salmonellatyphi  E.coli
[CuL2(H20)3]n 54 61 60 61
[CoLa(H20)]n 60 62 54 58
[NiL 2(H20)] 59 60 57 55
[MnL2(H20)]n 57 57 59 60
[ZnLy(H,0)], 58 56 60 58

Antibacterial activities
Antibacterial activity of SPH-PF ligand and its fokric chelateswere studied against gram-positizetdoia
(Bacillus subtilis and staphylococcus aureus) and gram-negative bacteri&.€oli and salmonella typhi) at a
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concentration of 50g/ml by agar cup plate method. Methanol system wgasl as control in this method. The area
of inhibition of zone measured in mm.

Antifungal activities

The fungicidal activity of all the compounds wasdiéd at 1000 ppm concentration in vitro. Planthpgenic
organisms used werpenicillium expansum, Nigrospora ., Trichothesium ., and Rhizopus nigricum. The
antifungal activity of ligand and its Polymeric thieswas measured on each of these plant pathogfeaics on a
potato dextrose agar (PDA) medium. Such a PDA nmdiantained potato 200gm,dextrose 20gm,agar20gm and
water one liter. Five days old cultures were emptbyThe compounds to be tested were suspendedpd®don a
PDA medium and autoclaved at 2ZDfor 15 min.at 15atm.pressure. These medium weveegl into sterile Petri
plates and the organisms were inoculated afterirmpdhe petri plates. The percentage inhibition fiongi was
calculated after five days using the formula gibetow:

Percentage of inhibition = 100(X-Y) / X
Where, X = Area of colony in controaj#
Y = Area of colony in tggate

Table- 4: Antifungal Activity of Polymeric Chelates

Zone of Inhibition at 1000 ppm (%)

Compounds  —5 e Expansum _ Nigrospora Sp.  Trichothesium Sp.  Rhizopus Nigricum
[CUL(H:0)], 60 60 57 55
[CoLa(H:0)]n 57 63 59 60
[NiL 2(H-0)z] 62 62 64 o8
[MnLo(H,0)], 59 60 60 62
[ZnLo(Hz0)e] 56 58 61 57

RESULTS AND DISCUSSION

The synthesis of the oligomeric ligand SPH-PF haisheen reported in the literature. The ligand SHHwas
isolated in the form of a reddish powder. It watuBle organic solvents such as in dioxane, DMSOné&dhyl
sulfoxide), DMF. The results of elemental analysdésthe SPH-PF ligand (Table-1) were agreed withs¢ho
predicted on the basis of formula.

The IR spectrum of SPH-PF features are a broad bsiethding from 3450-3160¢hwith maximum at 3320 cih
attributed to the OH group [13]. The weak bandsuadb2893 and 2950 c¢hhmay be due to asymmetric and
symmetric stretching vibrations of methylene grdupsl,-). The others bands are at their respective jpositi

The '"H NMR(S ppm) spectrum of SPH-PF also show the signals-8.88 (6H,s,CH) ; 4.22 (1H,s,0H); 7.30-
6.76(4H,m,Ar-H,).These features confirm the proploséructure of ligand PH-PF. The NMR Data of SPH-PF
shown in experimental part are also confirmingdtracture of PH-PF.

The Polymeric chelatesderived from SPH-PF are utdelin common organic solvents. Hence it is natsiide to
characterized the Polymeric chelates by moleculasstnusing conventional methods like osmometry,ownstry
etc. These Polymeric chelates do not melt up t6G60

On the basis of the proposed structure shown iarsehl, the molecular formula of the SPH-PF ligan@;iH 0.,
which, upon chelation coordinates with two ceningltal atom at four co-ordination sites and two watelecules.
Therefore, the general molecular formula of theilteésy co-ordination polymer is given by [M(SPH-B2H,QO] as
shown in scheme-1. This has been confirmed by ¢selts of elemental analyses of all of the fiveyRadric
chelates and their parent ligand. The data of edahenalyses reported in Table-1 are in agreemadtt the
calculated values of C,H and N based on the abamtioned molecular formula of the parent ligandvall as co-
ordination polymers. Examination of data of the ahetontent in each polymer (Table-1) revealed a 1:1
metal:ligand(M:L) stoichiometry in all of the cogination polymers. Comparison of the IR spectrunthef ligand
SPH-PF and those of the Polymeric chelates reweaiain characteristic differences. The broad ketrzl00-3100
cm’ for SPH-PF has almost disappeared for the spetialymers. However, the weak bands around 3208iom
the spectra of PH-PF-&9 PH-PF-Nf*, PH-PF-Mrf* indicate the presence of water molecules which hzae been
strongly absorbed by the polymer sample.The wealkd mound 1115cthis attributed to the C-O-M stretching
frequency [14].The band at 1435 ¢nm the IR spectrum of SPH-PF is attributed to ithe@lane OH deformation
[14]. The band is shifted towards higher frequeirtyhe spectra of the polymers indicating formatafnmetal-
oxygen bond. These feature suggest that the steuofuhe co-ordination polymer.
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The value of the degree of polymerization of al golymeric chelates listed in Table-1 suggesttthativerage Dp
for all the polymers in a range of 5 to 6.Magnatisments (i) of polymeric chelate are given in Table-1.

The diffusion electronic spectrum of PH-PF2CRolymeric chelates shows two broad bands arour@8%scm’
and 22,732 crhThe first bands may be dueszzgézEg transition. While the second may be due to chnayesfer.
The first band shows structure suggestion a desoottahedral structure for the PH-PF-Quolymers. The higher
value of i of the PH-PF-C polymer support this view [15-17]. The PH-PFNind SPH-PF -Cd polymers
give two absorption bands respectively at 17,25F 24,014 cnt and at 17,248 and 23736 ¢mwhich can be
assigned respectively f@14>°T,q, *T14>T14p) transitions. These absorption bands and the valfips; indicate
an octahedral configuration for the PH-PENand PH-PF-CS polymers [18].The spectrum of [Mn(PH-
PF)(H,0),] show weak bands at 16,470, 17,689 and 23,166assigned to the transition §— 4r1¢(4G), Gag—
ar2d4G) and Gig—  4nigdeg respectively, suggesting an octahedral structoretlfie [Mn(HQ-EPFYXH,0)]
polymer. As the spectrum of the [Zn (PH-RF)LO),] polymer is not well resolved, it is not interpedt but itSues
value shows that it is diamagnetic as expected.

The TGA data for the polymers are presented in 8&blThe weight loss of the polymer samples ateckffit
temperatures indicates that the degradation ofptilgmers is noticeable beyond 300 The rate of degradation
becomes a maximum at a temperature lying betwé8a°C and 500C depending upon the nature of the polymers.
Each polymer lost about 55% of its weight when &eatp to 700C. Inspection of the thermograms of PH-PF-
Co?*,PH-PF-Mrf*and PH-PF-Ni" samples revealed that these samples suffered agipleeweight loss in the range
150 to 286C. This may due to the presence of water stroniggpebed by the polymers. It has also been indicated
earlier that the IR spectra of these three polysanples have OH bands at around 3200 due to associated
water.

On the basis of the relative decomposition (% w4s) and the nature of thermograms, the Polyméetates may
be arranged in order in increasing stability as:

Cu<Ni<Co<Mn

This trend also coincides with the stability ordéready reported for the metal oxinates [14] andHolymeric
chelates of SPH-PF [18].

The antimicrobial activity of SPH-PF and its Pobmic chelates are presented in Table-3 and 4. ake sliggest
that all the samples are toxic to bacteria or fungithe data also suggest that the % age of baaiefangus is
inhibited in the range of 58 to 80% depending ugphenbiospecies and co-ordination polymers.

CONCLUSION

The investigation described in the present artielels the following conclusion:

Polycondensation of succinic anhydride and pheowohéldehyde resin (EPF) yielded a novel oligomégand
PH-PF. The applicability of the polymeric ligand svaxplored by preparing polymeric chelates usirfteriint
divalent metal ion indicating that the SPH-PF padyim ligand has good chelating property and higérrtial
stability.

Further, the polymeric ligand is thermally morebs&athan its polymeric chelates. Among the fiveyputric
chelates, M-SPH-PF chelate is least stable, wheve&PH-PF polymeric chelates is the most stableingpa
thermal stability comparable to that of chelates/ ina used as heat resistant material up td@50he polymeric
ligand follows a two steps thermal degradation whempolymeric chelates follow a single step themegkadation.

A comparison of the thermal stability of the pragsoslymeric chelates with those of succinic anhgdrand phenol-
formaldehyde (PF) as parent groups of polymeridathe revels that the SPH-PF polymeric chelateshemenally
more stable. Finally, the magnetic susceptibildgguits indicate that polymeric chelates of CiNi*? and C3? are
paramagnetic, whereas that of Zis diamagnetic in nature.

All the polymers have good microbicidal activity.
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