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ABSTRACT

The Copolymer (p-HBTF) was synthesized by condemnsaf p-hydroxybenzoic acid and thiosemicarbazidln
formaldehyde in the presence of 2M HCL as a cataly426 +2°C for 5 hrs. with molar proportion of reactants.
The copolymer (p-HBTF) was characterized by eleatanalysis, FT-IR, UV-Visibl&H-NMR Spectroscopy. The
thermal decomposition behavior of copolymer wasdistliby using TGA in static nitrogen atmosphera aeating
rate of 1§C/min. Freeman Carroll and Sharp-Wentworth metha@se used to calculate the thermal activation
energy (Ea), the order of reaction (n), entropy @ha AS), free energy chang@K), apperent entropy change
(AS), and frequency factor (Z). The thermal activatmergy determined with the help of these metliaxlin good
agreement with each other. The copolymer possesgsicrobial activity for certain bacteria such &s subtilis, ,
E.coli, S. typhi .
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INTRODUCTION

There is a noteworthy demand to synthesize ecaodhjepolymers having some biological activitieseligntifungal
and antibacterial The invasion of polymers by fungacteria and other organism is manifested by lofss
mechanical properties, surface degradation, disatbm, staining and other deteriorations [1]. Podys are used as
biocidial agents in recent times. By incorporatbiglogically active organic moieties into the polgnmbackbone,
the activities can be introduced. In terms of th®alogical activity, these polymers are more iffexthan their
monomers. Such polymers are known for their bi@tidictivity against some bacterial, fungal and Ivétaains.
Thermogravimetric analysis has been widely useihvestigate the decomposition characteristics dfreric
matter . Copolymers can be used as high energyialaien-exchanger, semiconductors, antioxidafits,proofing
agent, optical storage data, binders, molding risseetc [2]. Copolymers were applied in various fields of
research as ion-exchangers, high thermal resistaaterials, and electrical appliances [3, 4]. Shely of thermal
behaviour of copolymers in air at different tempere provides information about the nature of spegiroduced at
various temperatures due to degradation. Copolyrhawing good thermal stability and catalytic adtivhave
enhanced the development of polymeric mater@tgpolymer resins are derived from 2,4-dihydroxypophenone,
biuret and formaldehyde in hydrochloric acid aslyast and studied their thermal degradation [5S&jhas Thattle
et al. (2005) reported on the role of polymerictegss that can deliver drugs directly to the intehdige of action
and enhance antibacterial efficacy [7]. RecentlgjaRumar et al. (2005; 2006) synthesized dentaithitectures
using 4, 4dihydroxy bis (arylidene) cyclopentanones and istidtheir antibacterial activity by disc diffusion
method [7]. Terpolymers of salicylic acid, thiouns#h trioxane ang-hydroxybenzoic acid, thiourea with trioxane
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have been reported in the literature [8, 11]. Resignthesized by condensation of mixtures of phesrol
hydroxybenzoic acid with formaldehyde and varioosrees have also been reported [12]. Thiosemicarezand
the corresponding metal complexes are widely knawrhaving a large range of biological applicatiswgh as
antiviral, antimalarial, antifungal, etc (West ¢t #0991, EI- Sawaf et al. 1997). Some thiazolegpgbimicarbazole,
imidazole, benzothiazole derivatives (Muthusubraararet al. 2001, Chevica et al. 2003, Tolkova et2801,

Shaha et al. 2002, Paramashivappa et al. 2003)satid (Pandeya and Sriram 1998, Sarangapani addyRES94,

El-Sawi et al. 1998, Aanandhi et al. 2008) are meed in literature to show antimicrobial (Bartlett al. 1992,
Sunel et al. 2001, Basu et al. 2002, Koci et @102 antifungal (Gbadamassi et al. 1988), antinatnfiHazelton et
al., 1995) pesticide and herbicidal properties [13]

The present paper deals with the synthesis, stalctharacterization of p-HBTF terpolymeric resin various
physicochemical studies and relative antibactedefivity against bacteria. Thermal analysis of thewly
synthesized resin of p-Hydroxybenzoic acid, thiosanbazide with formaldehyde (F), by applying thieaf-
Wentworth and Freeman-Carroll methods. Energy tifation (Ea), thermodynamic parameters viz.[1S, [F, S*,
and order of reactiori] were determined by applying Freeman-Carroll Metfiegd15].

EXPERIMENTAL SECTION

Starting Materials

The entire chemical used in the synthesis of variwew copolymer resins were procured from the makd were
analar or Fluka or chemically pure grade. Whenegquired they were further purified by standard hods like
thin layer chromatography, reprecipitation and t@aljization which are generally used for the ariagjtpurification
purpose.

Synthesis of p-HBTF copolymer resins:

The new copolymer resin p-HBTWwas synthesized by condensing p-hydroxybenzoic &06id mol) and
thiosemicarbazide (0.1 mol) with formaldehyde (h@l) in a mol ratio of 1:1:2 in the presence of 280 ml HCI
as a catalyst at 126 0 C +°2C for 5h, in an oil bath with occasional shakitg,ensure thorough mixing. The
separated copolymer was washed with hot water agithanol to remove unreacted starting materials auid
monomers. The properly washed resin was driedidpoed and then extracted with diethyl ether arah thvith
petroleum ether to remove salicylic acid- thiosarbazide formaldehyde copolymer which might be gmeslong
with p-HBTF copolymer. The yellow color resinousguct was immediately removed from the flask asnsas
reaction period was over and then purified. Thetiea and suggested structure of p-HBi§Ehown in Fig. 1.

Camon
IM HOL Car.
+ sHN-C-MNH-NH; + 2(CH 0D L
L (CHLO)Y a6 °Cca2°C
on
p-Hydroxybemzoic Acid Thiosemicarbazide Formaldehyde
COON

CHy= sHN-C-NH-NH; -CH;
~
$111 n

Fig.1: Synthesis of p-HBTF copolymer resin.
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The copolymer was purified by dissolving in 10% aous sodium hydroxide solution, filtered and rejpitated by
gradual drop wise addition of ice cold 1:1 (v/vincentrated hydrochloric acid / distilled water withnstant and
rapid stirring to avoid lump formation. The proce$éseprecipitation was repeated twice. The copelysample p-
HBTF thus obtained was filtered, washed severagginvith hot water, dried in air, powdered and kaptacuum
desicator over silica gel.

Thermoanalytical Study :

The non-isothermal thermogravimetric analysis wadgomed in air atmosphere with heating rate of@onir*
from temperature range of 40 to 700°C using Perkin Elmer Diamond TGA analyzer in argavironment. The
thermograms were recorded at Sophisticated Insmtatien Centre for Applied Research and TestingC£RT),
Vallabh Vidyanagar, Gujrat The thermal stability of copolymer, based on thiéahdecomposition temperature,
has also been used here to define their relatimertal stability, neglecting the degree of decontjmsi A plot of
percentage mass loss versus temperature is shothe iRig. 4 for a representative p-HBTF copolyntgom the
TG curves, the thermoanalytical data and the deositipn temperatures were determined for diffetages. To
obtain the relative thermal stability of the copubr, the method described by Sharp-Wentworth amegrian-
Carroll adopted.

Antibacterial Screening:

p-HBTF copolymer have been synthesized and agéusibh method was employed to study their antibvéadte
activity (Fig.8). Test bacterial pathogens usethia study includes B. Subtilis , E. Coli , S. Tiyg he antibacterial
screening of p-HBTF is analysed at BIOGENICS, Hufi{arnataka). Initially, the stock cultures ofdbaria were
revived by inoculating in broth media and grown3&@fC for 18 hrs. The agar plates of the above anedire
prepared and wells were made in the plate. Eaafe pias inoculated with 18 h old cultures (10010" cfu) and
spread evenly on the plate. After 20 min, the svekre filled with different concentrations of sdeg The control
wells were filled with Gentamycin. All the plategere incubated at 37°C for 24 h and the diametentabition
zones were noted. Test samples were tested atedtiffeoncentration to test their efficacy in inkiitog the growth of
the human pathogens.

RESULTSAND DISCUSSION

The newly synthesized purified p-HBTF copolymerimegsas found to be yellow in color. The copolymeisoluble
in solvents such as DMF, DMSO and THF while instéuh almost all other organic solvents. The meloint of
p-HBTF copolymer resin is 18& and the yield of the copolymer resin was founte?2 %.

FT-IR Spectra: A broad band appeared in the region 3500-3200 vy be assigned to the stretching vibrations
of phenolic hydroxy (-OH) groups exhibiting interfaoular hydrogen bonding . The presence of -NH in
thiosemicarbazide moiety may be assigned due tp4and at 2800-3200 ¢h The sharp band displayed at 1685-
1430 cm' may be due to the stretching vibrations of carbangup (C=0) of both as well as (C=S) moiety €Th
bands obtained at 1400 — 1200tsuggest the presence of methylene bridges ipdhaner chain. The weak
band appearing at 750 - 780 tiis assigned to C — OH bond. 1, 2, 4, substitutibaromatic ring is recognized
from the bands appearing at 1279, 1178, 1112, spectively.

NMR Spectra:

Weak signal in the range of 8.00 ppm is attributeghenolic -OH proton. The NMR spectra of p-HBTdpalymer
resins show a weak multiplate signal (unsymmetrjztern) in the region 6.8) ppm which is due aromatic
protons. A medium singlet peak appeared at &. pfm may be assigned to methyl protons of ArBHH group.
Intense signal appeared in the region 2% fpm may be due to Ar—GHNH .Triplet signal appeared in the region
3.35 ¢) ppm can be assigned to amido proton of ~8H-CO- linkage.
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Fig.2: FT-IR Spectra of p-HBTF copolymer
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Fig.3: NMR Spectra of p-HBTF copolymer
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Thermogravimetry :

The thermogravimetric data provide information relgag the thermal stability of a polymer. The thegrams
were obtained by heating resin sample in air 8tQ/nin. The results of percentage weight loss efdabpolymer
resins depicts three steps decomposition in thedeature range 140-600°C and are furnished in €igdr The
slow decomposition between 0-140°C correspondsid@bloss which may be attributedltess of water molecule
against calculated 6.64% present per repeat utiteopolymer. The first step decomposition starhfrl40-250°C
which representdoss of hydroxyl group and acid grou32.67% found and 29.52% cal.). The second step
decomposition start from 250-480°C corresponding@d4% removal odromatic nucleus and methylene bridge
against calculated 68.26%. The third step decortipnsside chain from 480-600°C corresponding toaeah of
Thiosemicarbazide moie(§00.00% found and 100.00% cal.).

With the help of thermogravimetric data the thermetivation energies (Ea) and order of reactionc@iulated.

Also other thermodynamic parameters such as enttbpnge (DS), apparent entropy change (S*) anduénecy

factor (Z) are determined and reported in Trable 1& 2.To provide further evidence regarding the degradati
system of analyzed compounds, we derived the T@esuby applying an analytical method proposed bgrigh

Wentworth and Freeman-Carroll. The ‘averdgg calculated by Freeman-Carroll (22.97 KJ/mole)da‘average

Ea’ by SharpWentworth (22.78 KJ/mole) is nearly same.

Shar p -Wentworth method:
Using the equation derived by Sharp and Wentwdrth [

log [(dc/dT)/ (1-c)] = log (AB) — [Ea/2.303R]. 1/T .............. 1)

Where,
dc/dT = rate of change of fraction of weight witheoge in temperature
B = linear heating ratdT/dt.

By plotting the graph between (log dc/dt)/ (1-c)I¥$ we obtained the straight line which give eesfactivation
(Ea) from its slope. Wherg is the conversion at time t, R is the gas cons(@rgl4 Jmol-1K-1) and is the
absolute temperature. The plots (figure 2) giveabtvationenergies at different stages of degradation reatsike
place.

Freeman-Carroll method:
The straight-line equation derived by Freeman aaddll , which is in the form of n

[Alog (dw / dt)] /A log Wr = (-E/ 2.303R) A (1/ T) /A log Wr + N —---------=-—--—- D)
Where,

dw/dt = rate of change of weight with time.

Wr = We-W

Woc = weight loss at completion of reaction.
W = fraction of weight loss at time t.

Ea = energy of activation.

n = order of reaction.

The plot between the terma& Jog (dw/dt)] /A log Wr VsA (1/T) / A log Wr gives a straight line from which slope
we obtained energy of activatiokd) and intercept on Y-axis as orderrefiction f1). The change in entropy (S),
frequency factor (z), apparent entropy (S*) carodiecalculated by further calculations

Table. 1: Results of Thermogravimetric Analysis of p-HBTF copolymer

Half Decomposition | Activation Energy (kJ/mol)
Temp.T*K F.C SwW
p-HBTF-I 673 22.97 22.78

Coplymers

3632



Wasudeo. B. Gurnuleet al

Table.2: Kinetic Parametersof p-HBTF copolymer

Order of
Entropy Free Energy .
Coplymers Change-AS(J) | Change AF (kJ) Frequency factor Z (S.;) | Apparent Entropy Change (S*) reazrr:]t)lon
p-HBTF-I -299.9¢ 204.1% 63€ -23.8: 0.9t
D —
6.64% Cal
-10 A
-zu -
26T F
~30 Y0520 cal
@u -40 4
o
—
ﬂ =50 -
<L
=
_ED -
*® 66.54% F

-70 4 68.26% Cal
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Fig. 4: Decomposition Pattern of p-HBTF copolymer Resin.

Log (dc/dT/1-c)
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Fig. 5: Sharp-Wentworth plot of p-HBTF copolymer
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Fig. 7: Freeman-Carrall plot of p-HBTF copolymer

Antimicrobial Screening

Biological assay depends upon a comparison of minbition of growth of microorganism by measurirge
concentration of the sample to be examined with khewn concentration of standard antibiotic. Foe
antimicrobial analysis of ptBTF copolyme the agar diffusion method wasmployed. During the course of tin
the test solution diffuses and the growth of thecilated microorganisms suchB. subtilis , E. coli, and S. typhi
were found to be affected. The activity developedtie plate was meured by measuring the diameter of

inhibited zone in millimetres. The drug gentamyaias ued as the standard for bacte
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In the present work, p-HBTF copolymer were testedifferent concentration to test their efficacyimmibiting the
growth of the human pathogens. The bacterial agtofi p-HBTF was assayed against B. Subtilis, Hi C8. Typhi

. The diameters for the zone of inhibitions atefiéint concentration against the test bacteria immngn Table 3.
The standard antibiotic disc (Gentamycine diggAisc) inhibited the growth of B. Subtilis by 8-25 mm E. Coli by
18-25 mm, and S. Typhi by 2-25 mm.

Table 3. Antimicrobial activities of p-HBTF copolymer resin

Organism 0.0625 mg 0.125 mg 0.25 mg 0.5mg 1.0 mg 2.0mg MIC mg

B. subtilis - - - - - 6mm 2mm

E. coli (ETEC) - - - - - 7mm 2mm
S.typh - - - - - 5mmr 2mmr

Fig.8. Antibacterial activity of p-HBTF copolymer

B. subtilis S. typhi E. coli (ETEC)

Table4. Antibacterial activity of standard antibiotic (Gentamycin)

Organism 25pg S50pg  100pg  200pg  400pg  800pug  MIC png

B. subtili 8 10 15 19 22 25 25

E. coli (ETEC) 18 20 23 26 28 31 25

S. aureus 13 18 21 25 27 34 25

S. typh 2 13 16 21 25 27 25
CONCLUSION

A copolymer, p-HBTF based on the condensation @acof p-hydroxybenzoic acid thiosemicarbazide
formaldehyde in the presence of acid catalyst wapgred. Low values of collision frequency factd@) (nay be
concluded that the decomposition reaction of  g@rbyybenzoic acid, thiosemicarbazide , formaldehyd
copolymer can be classified as ‘slow reaction’. Tdezomposition reaction was started at higher teatpes,
indicating a copolymer p-HBTF is thermally stabtehigher temperature. The results of present &mnidial assay
revealed that the p-HBTF copolymer showed inbilyiactivity against all the tested pathogens, sstigg that the
presence of thiosemicarbazide group may enhanoéibaeterial activity. As the p-HBTF content incsea in the
copolymer, the effectiveness of the copolymershihit the growth of microorganism increases aseeigd.
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