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ABSTRACT

Monomer vanillin methacrylate(VMA)was synthesizgaedcting o-vanilline with methacryloylchloride. @h
monomercharacteristics was identified by Fourieansform infrared spectroscopy (FT-IR) arfti-NMR
spectroscopy. Homo-polymer and co-polymers of VMth wydroxyl ethyl methacrylate(HEMA) at different
feedcomposition was prepared by free radical sotuti polymerization at 70 +2°C using 2,2'-
azobisisobutyronitrile(AIBN) as an initiator and NNdimethylformamide (DMF). Antimicrobial activityf ehe
polymers was also investigated against variousédréetfungi and yeast.
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INTRODUCTION

Currently the demand for MMA has increased as thediess of acrylate copolymers can be adjusted when
produced by emulsion and solution polymerizatiome§e products initially found use in high qualityishes in the
leather and textile industries. Sparkling crystatity, remarkable surface hardness together witlekent weather
ability and good chemical resistance are charatiemproperties of acrylic polymers. Commerciakenst in the
acrylic polymers began in the early 1930. In 19B&uler [1] in Germany prepared PMMA a non adhesblgmer.
Yeon and co-workers [2] have synthesized p-(2,8¢3+10-4-carbomethoxycyclopropyl)phenoxyethylactgland
polymerized via radical polymerization. Kim and workers [3] prepared methacrylate syrup by bulk
polymerization. The method for producing a methiate syrup of this invention has such advantabasreaction
run away does not occur, the control of moleculargit and conversion rate is possible even at Iv@thermic
temperature with stirring, and a partially polynzed methacrylate syrup can also be prepared thame Brar and
co-workers [4] synthesized copolymers of 2-hydrexyyl methacrylate and methacrylate of differempositions
were synthesized by free radical bulk polymerizatising azobisisoobutyronitrile (AIBN) as an iniitie under
nitrogen atmosphere. Eroland Kolu [5] synthesizeplotymers of a new methacrylate monomer bearinmeéster
and ether with methylmethacrylate. They have catedl the reactivity ratios of each monomer usinteik:dudos
(K-T) and Fineman-Ross (F-R) methods. Soyakancardgorkers [6] prepared copolymers of N-(4-bromapite
2-methacrylamide with glycidylmethacrylate in 1,ixhne solution at 70+1°C using 2,2’-azobisisobutytrile as

an initiator with different monomer ratios. In geale the rate of polymerization and the averageamolass must be
controlled by the initiator and monomer concentratind the reaction temperature. Recently, thenpatfinorganic
nanocomposites have gained great attention becafistheir potential applications in many surfacedshs
technologies such as composite materials, bionadgeadhesion and wetting, molecular recognitioicrofiuidics,
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chemical sensing, and organic synthesis. What i® nsathat the polymer/inorganic nano compositeshexcellent
properties, such as mechanical properties, thestadility, and flame retardance, gas barrier prioger and
biodegradation and abrasion resistance. The polimoeganic hybrid materials are generally prepagdsurface
modification of the inorganic particles. At presetitere are many approaches for modifying solidases with
polymers, including physisorption, covalent attaelmty and electrostatic adsorption [7]. The copohlgrtEased on
halogenated phenyl acrylate have been utilizedsfethesizing electro active polymers for the praepan of
polymeric reagents carrying piperazine and isdaiftinctionalities. In last few decadésl-NMR spectral analysis
has been established as a powerful tool for detextioin of tacticity and sequence determination e as for the
estimation of copolymer composition because of stmplicity, rapidityand sensitivity [8-13].Free iadl
copolymerization of phenoxyethyl methacrylate anrgcigyl methacrylate was carried out using AIBNin 2
butanone solution at 333°K by Anver et al.[14] Glwerization of synthesized copolymers were donEBYR *H-
NMR and**C-NMR spectroscopic methods. Thermal propertiesevedso investigated. Monomer reactivity ratios
were computed using F-R, K-T and RREVM methods.ykate homo-polymers along with their copolymersare
used in various field such as films, fibers, filamecoating, lithography, lacquers, adhesives,timgninks and
binders [15-17]. Patel and co-workers [18,19] predacopolymer’s 2,4-dichlorophenyl methacrylatehwiarious
vinyl monomers and reported that these polymersiseful as micro biocides and are thermally stapléo 250°C.

The present work describes the characterizatiodA and HEMA by FT-IR and'H-NMR spectroscopy. The
formation of polymer has been established withhtbkp of IR spectral data. Antimicrobial activity thfe homo and
copolymers was carried out against selected migeoosms like bacteria, fungi and yeast.

MATERIALS AND METHODS

2.1 Materials:
Analytical grade methacrylic acid, benzoyl chlotidg/droquinone, sodium hydroxide, vanillin were dis&he
solvent used for the reaction were fractionallytiliésl.

2.2 Synthesis of vanillin methacrylate(VMA) monomer

The esterification of o-vanillin was performed witlethacryloylchloride. To a three necked flask,ipged with

stirrer and condenser, absolute alcohol (200ml)Nad@H(3.0gm) were added and the contents weredtimtil all

the NaOH dissolved. To this VMA was added and tlvgure was stirred for about ten minutes. It wasled at O-
5°C. Methacryloyl chloride was added drop wiselte teaction mixture, with the help of separatingriel. The
temperature was maintained at 0-5°C and the canteate stirred for 2-3hours. After that the mixtwas poured
in to crushed ice-water mixture. The product separavas filtered and purified. The formation of thenomer was
confirmed by'H-NMR spectra(Figure-1) and FT-IR( Figure-2).

2.3 Synthesis of homo and copolymers:

Homo and copolymerization were carried out in DM$tng AIBN as an initiator, predetermined quantitafs
VMA,HEMA, DMF and AIBN were mixed in a round bottoffask equipped with reflux condenser. The reaction
mixture was heated at 70°C with constant stirrifige resulting polymer solution was slowly pouredtanlarge
volume of methanol with stirring when the polymeaisaprecipitated out. It was filtered and washedhwiethanol.
Solid polymers were purified by repeated preciptatby methanol from solution in DMF and finallyield under
vacuum. The proposed reaction pathway describedeaction scheme describes the reaction leading to
copolymerization of VMA with HEMA.

2.4 Characterization:

NICOLET 400D FT-IR spectrophotometer was used tmme the infrared spectrum of homo and copolymers o
solid KBr pellets. HITACHI-R-1500 permanent magR@tNMR spectrometer (60MHz) was used for recordimgy
NMR spectrum.CDCI3 was used as a solvent and Tetrthylsilane (TMS) was used as an internal standard
Waters HPLC system, equipped with WATERS 510 msdtirent delivery pump, auto injectqr;bondapak G
column, durable absorbance WATERS 486 detectodeldavith Aimil chromatography software, was used to
determine the purity of monomer VMA. Methanol atlAimin flow rate was used as mobile phase. Conctotraf

the monomer sample was kept at 0.5 mg/ml angl 20 solution was injected during analysis.
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2.5 Antimicrobial activity:

The homo and copolymers thus obtained were teglathst different microorganism that is commonly émgpd
for biodegradability tests. Bacterial straiBaCillus subtilis ,Eacherichia coli and Staphylocas citreuy, fungal
strain @Aspergillus niger, Sportichum pulveruletum and fdcerm lignoru and yeast strainCandida utilis,
Saccharomyces cerevisial and Pichiastipitisere taken for the antimicrobial activity studVhe details of
theexperimental procedures have been reportedrieavlier publication [20].

RESULTS AND DISCUSSION

Different homo and copolymers were obtained by free radical solution polymerization technique. The
molefraction of VMA ranging from 0.5 to 0.1 in tfeed were studied in a wide composition interval.

3.1 Infrared spectra:

IR of VMA (cmi%):3024(-CH stretching vibration of the aromatic Jing273¢.cis),1691¢c-c), 1596,1506.75 and
1460.620c=c), 1273(asymmetri®co.c), 1207(symmetriz'c.o.c), 890(-CH bending mode of vinyl group), 733.87
(orthodisubstituted benzene). The two absorptiordbat 2747 and 2841.83 ¢mmay be assigned as the absorption
due to —CH of aldehyde. Figure 1 shows the IR spetibf monomer VMA. The main evidence of the polyme
formation is certainly the disappearance of sonaatieristic signals of the double bond in the spet and this
fact was effectively observed in the present irigasibn. Thus the absorption bands at 953*cand assigned
respectively to the C-H bending of vinyl group dhd stretching vibration band of C=C at 1634 aisappeared in
the IR spectrum of poly (VMA). FT-IR spectra of noomer as well as homo-polymer of VMA are shown igufe

2. In the spectrum of poly(VMA) figure 5, shows twbarp bands at 2736 ¢nand 2849 cm due todcyo of
aldehyde group observed, where as the band at d72Xue todc-o stretching for aldehyde and ketone double
bond. The band at 1270 &may be due to C-O-C bending of &B aromatic ring. The sharp band at 732*cm
confirms the presence of ortho-disubstituted beezdme spectrum of poly (VMA) shows three band4465,
1503 and 1597 cth which are characteristic absorptions of phenyfrifhe band at 1735 ¢mmay have
contribution form ester-ketone group and interggyirthe relative intensity of this band is decrehwsédth decrease
in VMA content in the copolymers. The band at 1880" confirms the presence of methyl group and thenstro
absorption at 1465 cfrmay be C-H bending vibrations of GHroup.

3.2'H-NMR Spectrum:

'H-NMR of VMA@ ppm)(60MHZzp5.931(1H, -CH=),6.307(1H)(non-equivalent methylepmtons), 7.392-7.583
(3H, aromatic protons).In poly(VMA) the aromaticopyns are assigned around 7.315-7.84pm. The formation
of polymer is evident from the disappearance ohalig at 5.931 (1H), 6.303ppm (2H) of vinyl protons and the
appearance of broad signals at 3.8@pm (1H, -CH) and 2.736-2.8®ppm (2H, -CH). Spectrum of poly(VMA)

is given in figure 3.

3.3 HPLC:
Figure 4 shows HPLC chromatogram of VMA. It is apgyd from the chromatogram that the synthesizedamnan
is having 99.86 % purity.

3.4Antimicrobial activity:

The antimicrobial activity of the homo and copolysief VMA with HEMA was carried out. The obtaineesults
are presented in Figures6 , 7 and 8 for bacteariggifand yeast respectively. Poly(VMA) shows 57%vgh of E.
coli. The copolymers of VMA with HEMA having differerfeed ratio exhibits 35-43% growth d& .coli
respectively while homopolymer of HEMA shows 68%owth respectively. Poly(VMA) shows 62% growth of
B.cerus The copolymers of VMA with HEMA having differerfeed ratio exhibits 50-60% growth & .coli
respectively while homo-polymer of HEMA shows 74%wth respectively. Poly(VMA) shows 60% growth of
P.aeruginosaThe copolymers of VMA with HEMA having differefiéed ratio exhibits 34-40% growth &f .coli
respectively while homo-polymer of HEMA shows 69%wth respectively.

Figures 6 represents the comparative effect gliaaopolymers on the growth of bacteria.

The homo-polymer of VMA shows 75% growth Afniger Different copolymer compositions of poly(VM#o-
HEMA) allows 62-72% growth respectively. The hopalymers of HEMA registered 72%, growth Bf subtilis
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respectively. However, during this period contraltere (without resin) exhibited maximum growth (20). The
main source oE. coliis in human stool. They are gram-positive andrtsiiod shaped. They are aerobic in
nature. Poly(VMA) shows 59% growth of Trichoderrie copolymers of VMA with HEMA having differentdd
ratio exhibits 48-57% growth respectively while rmpolymer of HEMA shows 61% growth respectively.
Poly(VMA) shows 54% growth of.oxysporumThe copolymers of VMA with HEMA having differefi¢ed ratio
exhibits 44-51% growth respectively while homo-pogr of HEMA shows 58% growth respectively. Poly(VIMA
shows 66% growth of Penicillium. The copolymersvMA with HEMA having different feed ratio exhibit§4-
64% growth respectively while homo-polymer of HENMAows 68% growth respectively.

Figures 7.represents the comparative effect ofliaagpolymers on the growth of fungi.
The homo-polymer of VMA shows 77% growth 8f cerevisiaeDifferent copolymer compositions of poly(VMA
co-HEMA) allows 61-68% growth o§. cerevisiagespectively. The homo-polymers of HEMA registefg?s,

growth of S. cerevisiagespectively. It is shown in figure 8.
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Scheme 1: Synthesis of methacryloyl chloride
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Scheme 3: Synthesis of poly(VMA)
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Scheme 4: Synthesis of poly(HEMA)
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Figure 1: FT-IR spectra of VMA
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Figure 2: FT-IR spectra of poly(VMA)
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Figure 3: '"H-NMR spectrum of homopolymer of VMA
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Figure 4: HPLC chromatogram of homopolymer of VMA
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Figure 5: FT-IR spectra of poly(VMA), poly(VMA -co-HEMA) and poly(HEMA)
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Figure 6: Effect of poly(VMA), poly(VMA -co-HEMA) and poly(HEMA) on growth (%) of bacteria

120% -+

100% -

80% -

60% -

40% -

Growth %

20% -

0% -

Control

Homo-1 1 2 3

H A.niger H Penicillium i Trichoderma B Fusarium

Homo-2

Figure 7: Effect of poly(VMA), poly(VMA -co-HEMA) and poly(HEMA) on growth (%) of Fungi
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Figure 8: Effect of poly(VMA), poly(VMA -co-HEMA) and poly(HEMA) on growth (%) of Yeast
CONCLUSION

The monomer VMA was synthesized, characterized aogolymerized with styrene by free radical
solutionpolymerization using different feed ratidSonventional methods were employed to charactettize
polymers. The homo and copolymers were charactsiz&T-IR. The GPC results show that molecular Weig
increases as the VMA content decreases in the ymgolThis study suggests that of VMA containing
acryliccopolymers are good antimicrobial agent.
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