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ABSTRACT

The copolymers from different feed composition €N-phthalimido)ethyl acrylate (NPEA) and 1-vinyl-2
pyrolidone (NVP) were synthesized using free rddicdymerization using N,N’-dimethylformamide (DM&3 a
solvent at 70+1°C using 2,2'-azobisisobutyronitr{&IBN) as initiator. The monomer was characterizsd"H-
NMR and IR spectroscopic techniques. The copolymers characterized by IR-spectroscopy. The copamiym
composition were determined using ultraviolet (Usfectroscopy. Reactivity ratio for NPEA and NVP was
determined by using Fineman-Ross, and Kelen-Tua@disauis. The polydispersities of copolymers suggssiong
tendency for chain termination by disproportionatioThe thermal stability of the copolymers increaségth
increase in NPEA content. Antimicrobial activitytbe homopolymer and copolymers were also invastiyéor
various microorganisms such as bacteria, fungi gedst.

Key words: 2-(N-phthalimido) ethyl acrylate, 1-vinyl-2-pyrolitie, Reactivity Ratio, Thermal Properties,
Antimicrobial Activity

INTRODUCTION

Acrylic copolymers have achieved prime importanoevarious avenues of application, such as filmiser,
binders, filament coatings, lithography, adhesiwsl printing inks [1-7]. The acrylate polymers alod
applications in drugs as polymer supports whichesgly degradable [8]. The use of polymeric sysbased on
acrylic derivatives as biomaterials for clinicalpipation has increased during the last two decaeeause of their
excellent biocompability and long-term stability].[The determination of copolymer composition aedativity
ratio of the monomers is important in evaluating #pecific application of the copolymer [10]. Fnealical
copolymerization is a valuable tool for tailoringet properties of polymeric materials for a wide peoof
applications. For statistical copolymers, the moabsequence distribution and compositional hetareigein and
among the copolymer chains have a heavy influencthe® physical attributes of the materials [11-IJdpolymers
containing the phthalimide derivatives have beeaduas optical brighting agents [18]. Polymer camtaj
phthalimido groups are found to possess excelleat tesistance and transparency [19]. N-vinylpidosie (NVP)
exhibit good biocompatibility due to their hydrofihinature and low cytotoxicity [20-22]. NVP baspdlymers
find applications in plasma substitutes, solublegdrarriers, and UV-curable bio adhesives [23].aiméde group of
NVP has a high binding affinity for several smafidalarge molecules that are known as good hydrhgem
acceptors and has been copolymerized with a vadagtyonomers [24-28]. The composition of the copadys
depends on the degree of incorporation of the comens and also on their relative reactivity. Monomeactivity
ratio are very important to predict the copolymemposition for any starting feed and to understtwedkinetic and
mechanistic aspects of copolymerization. The ateuratimation of copolymer composition and deteatiom of
monomer reactivity ratio are significant for a éailmade copolymer with required physical chemicalperties and
in evaluating the specific end application of cypeérs. The monomer reactivity ratio were determirsd
linearization methods of Fineman-Ross [29] and Kdledos [30]. R. Jayakumar et al. synthesized tpolymer
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of 2-(N-phthalimido) ethylacrylate and methyl methdate and the reactivity ratio determined [31]nHicates that
Methyl methacrylate is more reactive and ideal ¢pperization. Mitesh. B. Patel et al. synthesiziee topolymer
of N-Vinylpyrrolidone and 2, 4-Dichlorophenyl metirglate. They determined that the reactivity ratfdoth the
monomers is less than unity [32]. They have alderddned the azeotropic composition of the copolyridis
article discusses the synthesis and charactenizatfothe monomer and homopolymer and copolymersgusi
different feed ratio. The copolymer composition &eletermined by ultraviolet (UV) spectroscopy anulenular
weight were determined by gel permeation chromajoity (GPC). Thermal analyses of polymers are alsoded.
The antimicrobial activity of homopolymer and copokrs against microorganisms such as bacté&saherichia
coli, Bacillus subtilis, Staphylococcus citrgutingi (Aspergillus niger, Sporotichum pulverulentum, Tadkerma
lignorum), and yeastGandida utilis, Saccharomyces cerevisiae, Pichigitit) were determined.

EXPERIMENTAL SECTION

Materials

Phthalic anhydride, monoethanolamine, benzoyl agracrylic acid, 1-vinyl-2-pyrolidone (NVP), trithylamine
and 2,2’-azobisisobutironitrile (AIBN) were obtathéom Sigma-Aldrich chemical. The organic solvesteh as
N,N’-dimethylformamide, acetone, and chloroform eef AR Grade.

Synthesis of acryloyl chloride
Acryloyl chloride were prepared following the stand procedure given by Stempel [31].

Synthesis of 2-(N-phthalimido)ethyl acrylate (NPEA)

For synthesis of NHEP, Phthalic anhydride (0.1 namiyi 50 ml N,N’-dimethyl formamide (DMF) was takina
two-necked round bottom flask fitted with a refleendenser and thermometer. The contents were dstiilte
phthalic anhydride dissolved. To this mixture mahaeol amine (0.1 mol) was added drop wise. Theti@wawas
moderately exothermic hence cooled in an ice Bik.contents were stirred with a magnetic stirret eefluxed at
130 °C for 3 hrs. Excess DMF was removed by dasiilh and the contents were poured into ice-waigture. The
precipitated product, NHEP, was filtered off andrystallized using rectified spirit as a solvenheTmelting point
of the product was 126 °C and the yield was 88%o aTone liter three necked flask equipped withrestir
thermometer and guard tube, DMF (200 ml) and tyietinine (0.1 mol) were added and the contents wened
for 30 minutes. To this, NHEP (0.1 mol) was added the reaction mixture was heated to 60 °C fonm@utes
with stirring, cooled to room temperature and therD-5 °C. Freshly prepared acryloyl chloride (Ortdl) was
added drop wise within 60 minutes to the cooledtiea mixture. The temperature was maintained addds® °C
during the addition. After completion of the adaiitj the reaction mixture was stirred for 90 minutesl it was
poured into crushed ice water mixture where ligitopv colored solid (NPEA) product settled downwhs filtered
and recrystallized from rectified spirit. The yields 78% and the melting point was 106 °C.

The reaction scheme for monomer synthesis is shiowaeheme 1.

The monomer was characterized using a Nicolet &=Q0ier transform (FT) IR spectrophotometer andraNMR
spectrophotometer (400 MHZ). The IR spectrum of WPBEonomer is shown in Figure 1R (cm?): 3100
(aromatic C-H stretching), 2945 (C-H stretch duealioyl group), 1773 (-CO-OR), 1723 (C=0 stretchishge to
phthalimido group), 1637 (C=C stretching), 1600 4d®&3 (aromatic C=C- stretching), 1194 (C-O-C aswtnin
stretching), 1145 (C-O-C symmetric stretching), 888 673 (C-H out of plane bending).

The 'H-NMR spectrum of NPEA is shown in Figure 2. Thearances are as followdd-NMR (5 ppm) (400
MHz): 7.9-7.7 (4H) [aromatic protons], 6.4, 6.1 aB@(3H) [olefinic protons], 4.4(2H) [-CHO-], 4.0(2H) [N-
CHl.

Copolymerization

Copolymers of NPEA with NVP having different comjtims were synthesized using free-radical polymeion

using N,N’-dimethylformamide as a solvent using AIBs a free-radical initiator. The feed compositibanomer
and comonomer is given in Table 1. Appropriate ¢tyanf monomer, comonomer, N,N’-dimethylformamided

AIBN (0.5% w/w based on total monomers 1 and 2)emaken in a polymerization tube equipped withwefl
condenser. The reaction mixture was heated at #r°& hr with stirring. It was then cooled to rodemperature
and the resulting polymer solution were slowly mmlim a large volume of acetone:water (50:50) witiring, and

the polymer precipitated out. It was filtered andsW with acetone:water (50:50). Solid polymers wanefied by

repeated precipitation using acetone: water (50f&@h solution in N,N’-dimethylformamide and finglldried.

Scheme 2 show the reactions leading to the formatfANPEA monomer, homopolymer as well as copolaradr
NPEA with NVP.
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Measurements

IR spectra of the polymers were recorded usingcalisi 6700 FT-IR spectrophotometer using the SéBd pellet
method. A Shimadzu 160-A recording UV-vis spectatpmeter was used to determine copolymer compasitio
and reactivity ratio. Molecular weights of the pwmlgrs were obtained from a waters 410 gel permeation
chromatography instrument equipped with a diffde¢mefractive index detector. Tetrahydrofuran wzed as the
eluent and polystyrene standards were employeddiioration. The intrinsic viscosity) of the copolymers were
measured in toluene solvent at 25 + 0.1 °C usingbinlelohde suspended-level Viscometer. Thermogratric
traces were recorded in a nitrogen atmosphere wsibgPont 900 thermal analyzer. A heating rateCofQ min*

and sample size 10 + 1 mg were used in each expetim

Antimicrobial activity

The homopolymer and copolymers prepared were testetheir antimicrobial activity against bacterigirains
(Escherichia coli, Bacillus subtilis, Staphylococcugreusg, fungal strains Aspergillus niger, Sporotichum
pulverulentum, Trichoderma lignorypand yeast strain€andida utilis, Saccharomyces cerevisiae, Pichigitit)
using the experimental procedure have been repetseavhere [33, 34].

RESULTSAND DISCUSSION

Copolymers of NPEA with NVP were synthesized byingkdifferent mole fractions of the monomers indee
ranging from 0.2 to 0.8 (Table 1). The copolymersravfound to be soluble in N,N’-dimethylformamide,
chloroform, tetrahydrofuran, toluene, but insoluble methanol, ethanol and n-hexane. The copolymers
characterized by IR spectroscopy and the resudtgiaen in the following.

The IR spectrum of copolymer is shown in FigurerBe peak at 3029-3025 ¢his due to the C-H stretching of
aromatic ring. The peak at 2957 ¢iis due to the C-H stretching vibration of methghamethylene groups. The
strong absorption peaks at 1777 taster carbonyl stretching. The strong absorptieakp at 1711 cthcarbonyl
stretching of the phthalimido group. The peakd6t2 and 1394 cthare assigned to the C=C stretching of the
aromatic ring. The band at 1160 ¢ris assigned to the C-O stretching of the esteurdhe out of plane C-H
bending of the alkyl ring is observed at 998 criihe out of plane C-H bending of the phenyl riagobserved at
876 and 720 cth The absence of an absorption at 1640 icnihe polymers is indicative of the participatiofthe
vinyl group in the polymerization.

Copolymer composition and reactivity ratio

The UV spectrum of each copolymer sample make®ossiple to obtain the composition of the materidie
assignment of the absorbance in UV spectrum impbfta accurate determination of the content ofheiod of
monomeric unit incorporated into the copolymersimhaTlhel.. for poly(NPEA) was found at 294 nm. The UV-
spectra of different composition of copolymers ateown in Figure 4. The agreement between the two
concentrations were good. The composition of thmbaners of the NPEA and NVP were obtained fromlthé
spectral data. From the monomer feed ratio andlgoy@ composition, the reactivity ratio of the NPBAd NVP
were determined using Fineman-Ross method and Kaldos method. The values are shown in Table 1. The
reactivity ratio obtained by these two methods egnell. The reaction time was selected in such § that
conversion was less than 10% in weight. This wased satisfy the differential copolymerization atjon for
calculation of reactivity ratio. A plot of G versésin F-R method was a straight line shown in Fégbr The

intercept a-axis gives the value of; and the slope gives the valuemf Similarly, in K-T method, by plotting
againstg, a straight line is obtained as shown in FigurevBich when extrapolated ©= 0 and = 1 gives ry/u

and 1y, respectively. Wherry and ¥, are less than 1, the system gives rise to azeotmgymerization at a
particular composition of the monomer, which iscoédted using the Equation.

(1-ry

=2 o038 1)

(2—ry,—ry)

Nl
whereN; is the mole fraction of NPEA in the feed.

When the mole fraction of the monomer NPEA in thed is 0.038, the copolymer formed will have thmea
composition as that in the feed. When the moletistacof NPEA in the feed is less than 0.038, thpadgmer is

relatively richer in this monomeric unit than theed. When the mole fraction of the monomeric NP&E&E feed is
above 0.038, the copolymer is relatively richeNMP monomeric units.
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Molecular weight and viscosity measurements

The number-average and weight-average moleculaghtgenf the copolymers of NPEA with NVP were obgain
from gel permeation chromatography. The value ef ftumber-average and weight-average molecular wgeigh
range from 17877 to 19424 and from 25602 to 39&$pectively. The polydispersity index of homopolyraad
copolymers varied in the range of 1.95-2.08. Theirisic viscosities if) lie in the range 0.218-0.239 df*gare
shown in Table 2. These data clearly indicated déisahe NPEA content in the copolymer increasesriblecular
weights and viscosity increases, while polydisggisidex decreases.

Thermogravimetric analysis

The results of thermogravimetric analysis of thenbpolymers and copolymers of NPEA with NVP are shamv
Table 3. It appears that all polymers except pdBER) undergo decomposition in the temperature r&8ye510
°C. The activation energy, calculated by Broido’sthod [35] lies in the range 33 to 51 kJ.thoThe integral
procedural decomposition temperature (IPDT) wereutated by Doyle’'s method [36]. The IPDT exprehs t
overall thermal stability of the polymer and it iear between 533 and 583 °C for these polymers.hbngopolymer
of NPEA is the stables thermally and poly (NVP)}he least stable. The copolymers as expected habdity
between these two extremes.

Antimicrobial activity

The homopolymer and copolymers of the NPEA and NWfn tested for their response against microorgais
showed interesting results. Figures 7-9 provideomparative account of the effect of the homopolyrard
copolymers of the NPEA and NVP on the percentagevty of bacteria, fungi, yeast. Poly(NPEA) alloweout
46-51% growth of bacteria, 57-60% growth of furagid 53-56 growth of yeast, while for poly(NVP), 86-growth
of bacteria, 68-69% growth of fungi and 63-66% gitowf yeast were observed. However, in poly(NPEANVP)
56-76% growth of bacteria, 58-68% growth of fuagd 56-64% growth of yeast were observed. It ieeed
that poly(NPEAeo-NVP) is a stronger antimicrobial agent than the dpatymer of NVP. The phthalimido group
content of the polymers has been said to play apoitant role in imparting antimicrobial propertieBhe
homopolymer of NPEA has highest phthalimido grooptent amongst the polymers studied here. It Bré@sting
to observe that this homopolymer has the strorayg#mnicrobial property. It is also seen, that as MPEA content
increases in the copolymers, the growth of micranigms’ decreases. It is also possible that théoomation of
the polymers acquired under experimental conditioay also be a factor for their antigrowth activitihis study,
however, is beyond the scope of this investigation.
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Figure 1. IR spectrum of NPEA monomer
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Figure 3. IR spectra oh homopolymer and copolymer of NPEA with NVP
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Table 1. Copolymer composition and reactivity ratio of copolymersof NPEA and NVP

Mcgr;ome_r feed Composition Reactivity ratio
position
Sample NPEA | NVP Conversion Ofir':I;EeA X v = G ¢ 7 Fineman Keen-
code % -
[M 1] [Mz] ( 0) Copolymer Ross Tudos
(mol) | (mol) [my] - r r
1
1 1.0 -
2 0.2 0.8 9.76 0.198 026 0.264 0.2B6 -0.696 0.16D.494 0
3 0.4 0.6 10.22 0.356 0.6/ 0.5%2 0.813 -0.513 0.409.273
4 0.5 0.5 8.92 0.449 10p 0814 1.2p9 -0.230 0.51:0.095 7 0.99 | 0.72| 0.94
5 0.6 0.4 8.27 0.584 150 1401 1.6p9 0.4B0 0.578.1540 5
6 0.8 0.2 9.14 0.763 4.00 3.220 4968 2.7p8  0.809.4490
7 - 1.0
Where, i=1-my; X=My/My; Y=my-mp; F=X?Y; G=x(Y-1/Y):¢=Gla+F; and o= [F w. Fr] ¥
Table 2. GPC and viscosity data for homo- and copolymers of NPEA with NVP
_ _ — _ Polydispersity Intrinsic
Sample Code — — . . §
p M, M, M, M,+1 (M, /M,) |viscostyln] (dl g¥
1 19424 39644 64234 88103 2.04 0.213
2 12280 25602 4849 73788 2.08 0.218
3 13237| 26871 49392 74845 2.03 0.223
4 14120| 28324 5073% 76119 2.00 0.227
5 16389] 32450 54989 79756 1.98 0.232
6 18636| 36474 58512 80523 1.95 0.239
7 17877 36004 57962 81526 2.01 0.210
Table 3. TGA data of homo and copolymers of NPEA and NVP
Sample | % Weight loss at various temperature (°C) | Decomposition T T IPDT Activation
Code Temperature | of% | o2 | rowc | Energy (Ea)
300 400 500 Range (°C) (°cy* | (°C) (°C) (kJ.mol )¢
1 4 89 97 269-498 371 37( 547 51
237-417
2 11 82 96 417-519 380 | 365 539 39
242-421
3 10 82 97 421-518 376 | 366 533 39
252-451
4 9 83 98 451-511 372 | 368 583 40
252-449
5 8 84 98 449-509 370 | 369 581 42
253-417
6 7 85 98 417-498 368 362 535 45
154-358
7 31 94 98 358-485 336 323 536 33

#Temperature for maximum rate of decomposition
PTemperature for 50% weight loss
‘Integral procedural decomposition temperature
9By Broido's method

CONCLUSION

The homopolymer and copolymers of the NPEA and M¥#Ang various compositions were synthesized intsoi
by free-radical polymerization. The structure oé ttnonomer was confirmed by IR afid-NMR spectroscopic
techniques. IR spectral data were employed to cteniae the polymers. The copolymer compositiongsewe

obtained from UV spectral data. The reactivityagaif NPEA () is less than that of NVP) and the product of

the reactivity ratio were less than 1. This indisathat the monomers were distributed in the copelychain in a
random manner. The gel permeation chromatograpsyltseshow that the molecular weights of the comelss
increase as the NPEA content in the copolymerseas®s. Phthalimido group is important for antimigab
property of the polymers under studies. The faat #imongst the polymers investigated, the homopaiywhNPEA
is the most effective antimicrobial agent lendspsupto this view.
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