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ABSTRACT

The copolymer (SASF) was synthesized by condengatisalicylic acid and semicarbazide with formdlyée in
the presence of 2M HCL as a catalyst at 126°€Zor 5 hrs. with molar proportion of reactants.éfmal study of
the resins was carried out to determine their moflelecomposition and relative thermal stabilitigs dlemental
analysis, FT-IR, UV-Visible 1H-NMR Spectroscopye Tirermal decomposition behavior of copolymer wadisd

by using TGA in static nitrogen atmosphere at atihgarate of 100C/min. Freeman Carroll and Sharpstveorth

methods were used to calculate the thermal actiwaginergy (Ea), the order of reaction (n), entr@iyange 4S),

free energy changeldF), apperent entropy changd$), and frequency factor (Z). The thermal activatemergy
determined with the help of this method was in gagceement with each other. The antimicrobial \atti for

certain bacteria such as S. subtilis, E. coli,y@ht, A. niger, S. aureus and C. albicans wereistiid

Keywords: Synthesis, condensation, antimicrobial screenimgrniogravimetric analysis; decomposition, resins.

INTRODUCTION

Thermogravimetric analysis has been widely useihtestigate the decomposition characteristics dfrperic
matter . Copolymers can be used as high energyrialaien-exchanger, semiconductors, antioxidafits,proofing
agent, optical storage data, binders, molding rrasaztc The study of thermal behaviour of copolymersiinat
different temperature provides information abouwt trature of species produced at various tempeguue to
degradation. Copolymers having good thermal stgbélnd catalytic activity have enhanced the develept of
polymeric materials. Copolymer resins are derivennf 2,4-dihydroxypropiophenone, biuret and formbigdke in
hydrochloric acid as catalyst and studied theirrtteé degradation [1,2].

The non-isothermal kinetic studies of copolymersainat different temperature provides informataimout the
nature of species produced at various temperativeso degradation. Copolymers having good thestedility
and catalytic activity have enhanced the developraEpolymeric materials. Terpolymers of salicydicid, thiourea
with trioxane ang-hydroxybenzoic acid, thiouregith trioxane have been reported in the literaf@ré].

There is a noteworthy demand to synthesize ecaodlyepolymers having some biological activitieseligntifungal
and antibacterial The invasion of polymers by funigacteria and other organism is manifested by lufss
mechanical properties, surface degradation, disatim, staining and other deteriorations [7-10dlyPhers are
used as biocidial agents in recent times. By inoafing biologically active organic moieties intioet polymer

160
www.scholarsresearchlibrary.com



Jeevan Dontulwar et al Der Pharma Chemica, 2013, 5 (5):160-168

backbone, the activities can be introduced. In seafitheir biological activity, these polymers amere effective
than their monomers. Such polymers are known feir thiocidial activity against some bacterial, fahgnd viral
strains.

The present paper deals with the synthe$iaracterizatiorand non-isothermal thermogravimetric analysis studies
and relative antibacterial activity against baeter copolymer derived from of Salicylic acid (SA), Semigazide
(S), with formaldehyde (F). However, the literatgtadies have revealed that no copolymer has hgghesized by
using the said monomerSample is subjected to thermal degradation dath Bharp-Wentworth (S-W) and
Freeman-Carroll (F-C) methods, activation energy kinetic parameters such &S, Z, $ andn (order of reaction)
have been evaluated [11-14].
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Fig.1: Synthesis of SASF copolymer resin
MATERIALSAND METHODS

The entire chemical used in the synthesis of varioew copolymer resins were procured from the markd were
analar or Fluka or chemically pure grade. Whenegquired they were further purified by standard hods like
thin layer chromatography, reprecipitation and tligation which are generally used for the arialtpurification
purpose.

Synthesis of SASF Copolymer resins.

The new copolymer resin SASkas synthesized by condensing Salicylic acid (0dl) mnd Semicarbazide (0.1
mol) with formaldehyde (0.2 mol) in a mol ratio bfL:2 in the presence of 2 M 200 ml HCl as a catady 126’ C

+ 29 C for 5h, in an oil bath with occasional shakitm,ensure thorough mixing. The separated copolymes
washed with hot water and methanol to remove utedastarting materials and acid monomers. Th@egrtp
washed resin was dried, powdered and then extractbddiethyl ether and then with petroleum etherémove
salicylic acid- semicarbazide formaldehyde copolymvbich might be present along with SASF copolynigre
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yellow color resinous product was immediately regobfrom the flask as soon as reaction period was awd then
purified. The reaction and suggested structureA8FSs shown in Fig. 1

RESULTSAND DISCUSSION

The newly synthesized purified SASF copolymer regas found to be yellow in color. The copolymesdduble in
solvents such as DMF, DMSO and THF while insolublalmost all other organic solvents.

Thermogravimetry

The non-isothermal thermogravimetric analysis wagsmed in air atmosphere with heating rate of@onin-1
from temperature range of 4Q to 700°C and thermograms are record®dSICART Vallabh vidyanagar, Gujrat.
With the help of thermogravimetric data the thermetivation energies (Ea) and order of reactionc@itulated.
Also other thermodynamic parameters such as enttbppge (DS), apparent entropy change (S*) anduéecy
factor (Z) are determined and reported in the Table provide further evidence regarding the degradasystem
of analyzed compounds, we derived the TG curveapmying an analytical method proposed by Sharpiwerth
and Freeman-Carroll.

Antimicrobial Screening

SASF copolymer have been synthesized and agarsidiffumethod was employed to study their antibaateri
activity (Fig.7). Test bacterial pathogens usedhis study includes B. Subtilis, E. Coli, S. TypA. Niger, C.
Albicans and S. Aureus. The antibacterial screemh@ASF is analysed at BIOGENICS, Hubli (Karnajaka
Initially, the stock cultures of bacteria were r@d by inoculating in broth media and grown at 3#C18 hrs. The
agar plates of the above media were prepared allslwere made in the plate. Each plate was indedlavith 18 h
old cultures (10Qul, 104 cfu) and spread evenly on the plate. Aftern@n, the wells were filled with different
concentrations of samples. The control wells wiledfwith Gentamycin. All the plates were inculdhit 37°C for
24 h and the diameter of inhibition zones were diotest samples were tested at different concémtréa test their
efficacy in inhibiting the growth of the human pagfens.
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Fig.2: FT-IR Spectra of SASF copolymer
FT-IR Spectra: A broad band appeared in the region 3000-3400aray be assigned to the stretching vibrations
of phenolic hydroxy (-OH) groups exhibiting intertaoular hydrogen bonding . The sharp band displayed500-

1680 cm' may be due to the stretching vibrations of carbgnyup (C=0) . The presence of -NH in semicartbazi
moiety may be assigned due to sharp band at 2800-861* . A strong sharp peak at 1625-1612"cmay be
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ascribed to aromatic skeletal ring . The bandsinetaat 1400 — 1200 chsuggest the presence of methylene
bridges in the polymer chain. The weak band appgaat 800 - 719 cthis assigned to C — OH bond. Substitution
of aromatic ring is recognized from the bands appgaetween1201- 1276 chnespectively .

NMR Spectra:

Weak signal in the range of 7.00 to 88) ppm is attributed to phenolic -OH proton. The NMpectra of SASF
copolymer resins show a weak multiplate signal yomaetrical pattern) in the region 6.8 to 78 ppm which is
due aromatic protons. A sharp singlet peak appear8cb — 4.0&) ppm may be assigned to methyl protons of Ar-
CH2-NH group. Intense signal appeared in the re@ien3 ¢) ppm may be due to Ar—CH2-NH .A broad signal
appeared in the region 3.42 — 4.8% f§pm can be assigned to amido proton of —-CH2-NH-ICRage.

1a 1 & ) 1] 5 4 3 t
PP

Fig.3: NMR Spectra of SASF copolymer

Thermo-analytical data

A plot of percentage mass loss versus temperasushdwn in the Fig. 4 for a representative SASFoboper. To
obtain the relative thermal stability of the copobr, the method described by Sharp-Wentworth ameeriRan-
Carroll adopted. The thermal stability of copolymieased on the initial decomposition temperatuas, d&so been
used here to define their relative thermal stahilieglecting the degree of decomposition. FromTi@ecurves, the
thermoanalytical data and the decomposition tentpeys were determined for different stages. TherageEa’
calculated by Freeman-Carroll (22.9 KJ/mole) andésage Ea’ by Sharpwentworth (22.1 KJ/mole) is nearly
same. Thermogram of the copolymer resins depiceetbteps decomposition in the temperature range 3°C.
The slow decomposition between 0-190°C correspood3.0% loss which may be attributed loss of water
moleculeagainst calculated 8.64% present per repeatofitite polymer. The first step decomposition steyin
190-250°C which representsss of hydroxyl group and Acid grogp0.31% F found and 31.37% cal.). The second
step decomposition start from 300-450°C correspanth 65.25 % F removal @romatic nucleus and methylene
bridge against calculated 66.27% Cal. The third step apasition side chain from 450-540°C corresponding t
removal ofSemicarbazide moie{00.00% found and 100.00% cal.).
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Fig.4 : Decomposition Patter n of SASF copolymer Resin
Table. 1: Results of Thermogravimetric Analysis of SASF copolymer
Half Decomposition | Activation Energy (kJ/mol)
Copolymers Temp.T*K F.C SW
SASF 658 22.9 22.1
Table.2: Kinetic Parameter s of SASF copolymer
Entropy | FreeEnergy | Frequency Order of
Coplymers | Change Change factor Appar ent Entropy Change (S*) | reaction
-AS(J) AF (kJ) Z(s™h) (n)
SASF -300.53 153.11 432 -23.99 0.95
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Fig.6 : Thermal activation energy plot of SASF copolymer

Biological Activity:

It depends upon a comparison of the inhibition of ghowf microorganism by measuring the concentratibthe
sample to be examined with the known concentratfostandard antibiotic. For t antimicrobial analysis of SAF
copolymer the agar diffusion nietd was employed. During the course of time, tts¢ $elution diffuses and tt
growth of the imculated microorganisms such a: subtils , S. aureus, Sphi, A. niger were tested only E. coli is
found to be affected. The activity developed onplae was measured by measuring the diametereahttibited
zone in millimetres. The drug gentamycin was usetha standard for bacter

In the present work, SASEopolymer were tested at diffet concentration to test their efficacy in inhibgithe
growth of the human pathogerfhe bacterial activity of SAS was assayed against Bbdilis, S. aureus, E. coli, S.
typhi . The diameters for the zone of inhibitionsldterent concentration ainst the test bacteria are given in Ta
3. The standard antibiotic disc (Gentamycine disg/disc) inhibited the growth of B. subtilis b-25 mm E. coli
by 18-25 mm, S. auresus by 23-mmand S. typhi by 2-25 mm.
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Table 3. Antimicrobial activities of SASF copolymer resin

Organism 00625mg 0.125mg 025mg 05mg 10mg 20mg MICmg

B. subtilis - - - - - - NF
E. coli (ETEC) - - - - - 9 2
S. aureus - - - - - - NF
S. typhi - - - - - - NF
A. niger - - - - - - NF
C. albican: - - - - - - NF

Table4: Antibacterial activity of standard antibiotic (Gentamycin)

Organism 25pg 50pg  100pg  200pg  400pg  800pg  MIC pg

B. subtilis 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. typhi 2 13 16 21 25 27 25

S. Subtills

C. Calbicans A. Niger E. Coli

Fig.7. Antibacterial activity of SASF copolymer

SEM micrographs of SASF copolymer is shown in Fig.Be morphology of pure sample shows spherulitiés w
deep pits. This is the transition of crystallinedaamorphous layered morphology which is the charsstic of
polymer. The monomers have crystalline structuregha beginning of the reaction but during courde o
condensation polymerization the crystalline streeguof monomers lost into amorphous nature in goper resin .
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Fig.8: SEM of SASF copolymer
CONCLUSION

On the basis of dynamic TGA study of SASF copwy shows the kinetic parameters like energy tifation,
order etc. have been calculated from the Isothefiiftabata using the methods which are widely usedifiding
the kinetic parameters in the thermal degradatfaorganic polymers and the values are incorporatethble 2. A
copolymer SASF, based on the condensation reactisalicylic acid -Semicarbazide-formaldehyde ia firesence
of acid catalyst was prepared. The energy of atineevaluated from the Sharp-Wentworth and Free@amoll
methods are found to be nearly equal and the kipetiameters obtained from Freeman-Carroll methedoaind to
similar, indicating the common reaction mode. Loalues of collision frequency factor (Z) may be doded that
the decomposition reaction of salicylic acid, Serti@zide-formaldehyde copolymer can be classifiedskw
reaction’. The decomposition reaction was starteaigher temperature, indicating a copolymer SASEhermally
stable at higher temperature.

The results of present antimicrobial assay revetilatithe SASF copolymer showed inhibitory actidiyainst E.
Coli pathogen only , suggesting that the presehsemicarbazide group may enhances antibactetizits.
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