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ABSTRACT

Different functional group/moiety containing methdate copolymers are synthesized via free radsalution
polymerization in N,N-dimethylformamide at 70 °€ing 2,2-azo-bisisobutyronitrile (AIBN) as initiatoThe
monomers and copolymers are characterized by speapic techniques. The compositions of the coplymere
determined by using UV spectroscopy. The reactratips of the monomers were obtained from lineathuads.
Using these linear methods, average 0.9 and p= 1.09 were obtained. The mean sequence lengthtesmined
by statistical method using average values0émd . Thermal characteristics of the homo and copolywmafr
NPEMA with PAPMA were evaluated by using thermagmatric analysis (TGA). The thermal degradationekia
parameters of homo and copolymers of NPEMA with A&re quantitatively evaluated using namely Broido
method. The antimicrobial screening of homo andobopers of NPEMA with PAPMA is determined by
guantitative method.

Key words: Free radical polymerization, reactivity ratio, mesguence length,Thermal properties, Antimicrobial
screening

INTRODUCTION

Polymers are macromolecules which are made fromsihgle or two different types of repeating uniténgd
together by covalent bond. Polymers are used iowsifields of industries, biomedical, agricultumed daily life
because of their macromolecular properties. Varipgees of polymers are synthesized and characterine
researchers. Because of valuable properties likecadpclarity, weather resistance, transparencystetinity,
solubility, permeability, elasticity, dyeability dnadhesion the acrylates or methacrylates polymarse most
valuable polymers for preparation of adhesions,-Clfing coatings, binders in paints, in oil extracs,
biomedicals devises, food packaging, used as neodifipolymer concrete and many more [1-11]. Copas are
macromolecules having diverse property than indi@idnonomers and which made from two or three dfie
types of monomers via different types of polymeia process. In polymerization process free rddica
polymerization process is one of the versatilepsses to prepare acrylate or methacrylate homo apdlymers.
The copolymers of acrylate or methacrylates arel @isetheir diverse properties, as well as theyas® used for
their functional group properties [11-15]. Phthallem moiety containing polymers are used for to iower
therapeutic drug profiles, semiconductor in solalis¢ optical brightening agents and ion-exchangiodymer
stabilizers [16-18]. Macromolecular derivativesdofigs can be prepared by the chemical transformatithe drug
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into a reactive derivative suitable for polymeriaator by binding the drug into an existing natuoalsynthetic
polymer [19-21]. Copolymer properties are dependstwo monomers properties and as well as depends on
distribution of two monomeric units in copolymerrwutture. To find the distribution of the monomenids in
copolymers,several spectroscopic techniques sutH-BBVR, UV spectroscopy are used [22-23]. Reactivitjos
are determined from F-R and Inverted F-R [24], K25] and Extended K-T [26] methods using the dditaimed
from spectroscopic techniques.Thermal stabilitgrie of the important properties of polymers. Thdmnavimetric
analysis (TGA), differential scanning colorimetrfipSC), deferential thermal analysis (DTA) and mangre
techniques are available to determine the thertabllgy of polymers, but thermal gravimetric ansikyis one of the
most useful techniques to determine the thermailgtaof polymers.Polymers having antimicrobialoperties are
used in antifouling paints, in cosmetics, herbisidesecticides and many more.Present paper, tescthe
synthesis of monomers N-(2-Hydoxyethyl) phthalimi{ddHEP), p-acetamidophenyl methacrylate (PAPMA) and
their homopolymers and copolymers prepared usireg fradical solution polymerization technique. The
characterization of monomers, homopolymers and lgopers are using conventional spectroscopic tddlg. main
objectives were to find out to thermal stabilitynétics of thermal degradation of synthesized hashgpers and
copolymers of NPEMA/PAPMA. UV spectral data werepdoyed to obtain reactivity ratios of the monomieysF-

R, Invrt. F-R,K-T and Ext. K-T methods. In additiothe distributions of the monomer sequence aldrg t
copolymer chain were determined by using a stetistnethod based on the average reactivity rativasimed. TGA
traces illustrated the thermal stability of the ymoérs. The parameters indicated above were obtdimedhe
polymers from the thermal data using broidometjblde antimicrobial screening is adopted for synttesihomo
and copolymers of NPEMA/PAPMA against bacteria,syead fungi.

EXPERIMENTAL SECTION

2.1 Materials

Analytical grade N, N-Dimethyl formamide (DMF), Metnol, Phthalic anhydride, Ethanol amine, Benzoyl
chloride, Methacrylic acid, Hydroquinone, Triethgimine (TEA) and 2,2-azobisisobutyronitrile (AIBNYea
purchased from Lobachemie. Pvt. Ltd. (India). Thernicals were used without purification.

2.2 Synthesis

2.2.1 Synthesis of starting materials

Methacryloyl chloride (MAC) was synthesized as mpd by Stempel [27]. The monomers N-(2-Hydoxyethyl
phthalimide (NHEP), 2-(N-Phthalimido) ethyl methdate (NPEMA) and p-acetamidophenyl methacrylate
(PAPMA) were prepared as reported [28, 29].

FT-IR data of NPEMA (KBr) : 3059 cni (due to the aromatic =C-H stretching), 2977 & 2@6%" (due to the —
C-H stretching of alkyl group), 1749¢h(due to the C=0 stretching of ester group), 174# ¢due to the C=0
stretching of amide group), 1631 ¢ntdue to the olifinic C=C stretching), between 14@DO0 cnt (due to the
aromatic C=C stretching), 1466 ¢rfdue to the overlay bands &fissoring@Ndd,symePending vibration of —Cand —
CHs groups), 1366 crh(due to thedsypending vibration of —C§), 1173 cnt (due to the -C-O stretching vibration
of ester group), 720 cMm(due to the rocking vibration of methylene group).

'H-NMR data of NPEMA (CDCls,  ppm):=7.5-7.8(4H,m,Ar-CH),5.9 (1H ,d, vinylic-H) , 5.8K , d, vinylic-H),
4.3 (2H,t,-CH-O ),3.9 (2H, t, -CHN),1.9 (3H, s, CH).

FT-IR data of NPEMA (KBr): 3136 & 3068 crif (due to the aromatic =C-H stretching), 2987 & 2@81" (due to
the —C-H stretching of alkyl group), 1733 ¢rfdue to the C=0 stretching of ester group), 1663 ¢due to the
C=0 stretching of anilide group), 1530 ¢rfdue to the N-H bending vibration in anilide godud308 crit ( due to
the secondary N-H stretching in anilide group), 8®i* (due to the -C-O stretching vibration of esterupp
between 1400-1600 chfdue to the aromatic C=C stretching), 164I'(me to the olifinic C=C stretching), 1373
cm’(due to theds,r, bending vibration of —C¥).

'H-NMR data of PAMA(DM SO, 8ppm): (400 MHz):10.0 (1H, -NH-), 7.6 (2H, Ar-H), 7.1 (2H, Ar-H),%& 5.9
(2H, =CH) 2.1 (3H, -COCH), 2.0 (3H, -CH).
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2.2.2 Synthesis of homo and copolymers

Homo and copolymers of NPEMA with PAPMA having difént composition were synthesized by free-radical
polymerization in DMF using AIBN as a initiator. @Hfeed composition of monomers is given in TableThe
procedure followed for synthesis of homo and comelss of NPEMA with PAPMA is reported in referen@9].
Figure 1 shows the reactions leading to the fomnatf homopolymers as well as copolymers of NPEMithw
PAPMA.

2.3 Characterization

The IR-spectra of solid samples in KBr pallets wetgained from Nicolet 6700 FTIR spectrophotometer.
Copolymer compositions and reactivity ratios wermetednined by spectroscopic data from UV-Visible-NIR
Schimadzu-3600 spectrophotometer. Average moleeugights of the polymers were obtained by gel petina
chromatography equipped with a 410-RI detectolipcated with polystyrene used as standards. Theamalysis
was done in nitrogen atmosphere at 10°C/min heatatg by Mettlertoledo thermo gravimetric analyZer
TGA/DSC.

2.4 Antimicrobial screening

The homo and copolymers of NPEMA/PAPMA are testegdirest different microorganisms which are commonly
employed for biodegradability test such as bact@scherichia coli, Bacillus subtil@dStaphylococcus citrels
fungi (Sporotichumpulverulentum, Aspergillusniged Trichodermalignorurj and yeast Gandida utilis Pichia
stipitesand Saccharomyces cerevis)aknown protocol [30] of antimicrobial screening Quantitative method is
followed.

RESULTSAND DISCUSSION

3.1 FT-IR spectrum of polymers

The IR spectra of Homo and Copolymer of NPEMA a#dPMA are given in Figure 2. Absence of C=C stratchi
(1667-1640 c) in Poly-(NPEMA) and copolymers of NPEMA with PARMindicate polymer formation. The
strong absorptions between 1770-1740%camd 1720-1700 cihin all the polymers are attributed to the C=0
stretching vibrations of ester moiety and phthaliengroup respectively. The band of C=0 stretchih@mide
group is between 1670-1700 ¢m all copolymers and homopolymers of PAPMA. Thedinen band at 1455 cin
has contributions from bending of ¢ldnd CH groups. Symmetrical GHbending is assigned in the region 1370-
1380 cm’. Breathing vibrations of aromatic ring are atitiéd to absorptions between1600-1400"dm these
polymers. The band between 1540-1555"dsnassigned for bending vibration of N-H in acétda group. The C-
O-C stretching of ester was traced to absorptinrthé range 1210-1163 émThe rocking vibration of methylene
group was assigned at 720 tmhose intensity decreases as amount of NPEMA piolymer decreases.

No. E1
H;C.__CH,
X "
(oM o) o” ™o
o H AIBN/DMF H
N 70°C N
o] o]
NPEMA poly(NPEMA)

360



Mehdihasan |. Shekh et al J. Chem. Pharm. Res,, 2015, 7(10):358-367

No. E2-E6

O CH
o Yo H 3
0 CH, H
o AIBN/ DMF
N " 700C

o NHCOCH,
NHCOCH,

o

4

NPEMA PAPMA Poly(NPEMA-co-PAPMA)
No. E7
O, CHs
B>_< 0 n
O CH;  AIBN/DMF o
70°C ©

NHCOCH, NHCOCH,;

PAPMA Poly(PAPMA)

Figure 1: Reaction scheme of for mation of homo and copolymers of NPEM A with PAPM A

3.2 Copolymer composition and reactivity ratio

The compositions of monomeric units in copolymexr determined using UV-spectroscopy. The peak manxirfou
NPEMA is 294 nm. From the standard curve of corregion versus absorbance at 294 nm wascurve enmploye
find the concentration of NPEMA monomeric unitsciopolymers. Data obtaining from the UV spectroscispyse

to determine the reactivity of NPEMA and PAPMA marers from the linear method like Fineman-Rose (F-R)
Inverted Fineman-Rose (Inv. F-R), Kelan-Tudos (Kdnd Extended Kelen-Tudos (Ext.K-T) methods. The
graphical plotting of linear methods is shown igu¥e 3.

If ry is less than 1 and is greater than 1 then, NPEMA favored cross-prapag as opposed to homopropagation
and PAPMA favored homopropagation over cross-prapag. The values of, and p aretabulated in Table 2. From
the values of;rand p;thePAPMA was generally more reactive than NPEM#Ank the values of 1/rand 1/, it is
possible to find the ends of growing radical chagather it is NPEMA unit or PAPMA unit. As the {Hrl/r it can

be concluded that there was more growing radicéls MPEMA ends than PAPMA ends due ters. The product
of r; and p is nearly 1 indicating that the formation of adeam copolymer system.

3.2.1 Mean sequence length

The mean sequence lengiigeva andppapmawere calculated using equation reported in elsesviit]. At [M]
=20.0% and [M] =80.0% (Table 3) each copolymer segment withudits was approximately five times longer
than its adjoining segment with;Minits. The sequence may be expressed as NPPPP&NRvtands for PAPMA
and N is for NPEMA. The number of NPEMA units inpolymer increases with increasing concentration of
NPEMA in the feed. The results of mean sequencgttheand values of L/rand 1l/scompare each other very
well,1/r; is greater than Lir and as expected in copolymers the homopropagatioRAPMA decreased with
decreasing of PAPMA in monomer feed, while crossppgation of monomeric units increased with indreps
concentration of NPEMA in monomer feed.
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Figure2: FTIR spectra of homo and copolymer of NPEM A/PAPM A

3.3Average molecular weights

The average molecular weights namdy, M., M,, M,.; and polydispersity are shown Trable 4. The molecular
weights of homo and copolymers of NPEMA withPAPMAndomly increases ordecreases as NPEMA in
copolymer decreased. The polydispersity of homo@mpblymers varied between 1.19-1.45. The polyd&feof
homopolymers and copolymers were nearly 1.5, itisigatermination of growing chain by radical coméiion
[28].

3.4 Thermal analysis

TGA plays an important role in determining thernstability of the material. The decompositions ofrftoand
copolymers of NPEMA/PAPMA are illustrated in Figaré. The decompositions were completed in two stEps
percentage weight loss at different temperaturesgomhposition range, integral procedural decompuositi
temperature (IPDT), Jae Tso are tabulated in Table 5 for homopolymers and opers of NPEMA/PAPMA. The
first step of decomposition in TGA trace correspeshdo the breaking of the ester linkages of polymehain
having small molecular weight and second step whjdn over a wide range (shown in Table 5) mightibe to
bond scission of main polymeric chain (-C-C-)wias concluded from the TGA data that the homopolyofe
PAPMA is more stable than homopolymer of NPEMA aopolymers of NPEMA/PAPMA. With the increasing
amount of PAPMA monomer in the feed ratio the ditgbof copolymers of NPEMA/PAPMA follow a regular
trend. The temperature peak maxima of homopolyrth&REMA and copolymers of NPEMA/PAPMA also shifts
to higher temperature as the PAPMA monomer feembpolymer increases. The integral procedural deositipn
temperature (IPDT) was calculated by Doyle’s mef82H
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Figure 4: TGA graph of homo and copolymers of NPEM A/PAPM A
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Figure5: Antimicrobial screening of homo and copolymers of NPEMA/PAPM A against different microorganisms (a). Bacteria (b).Fungi
and (c). Yeast

Table 1:Reaction parametersfor homo and copolymersof NPEMA with PAPMA

Monomer feed composition .
Sample No. NPEMA PAPMA Compositr']oé‘ogfosﬁzM& ')“onomer % yidd
Mole | Gms. | % | Mole | Gms. | %

E1 0.1 25.9] 100 - - - 100 80
E2 0.08 | 20.72] 80| 0.03 4.3 2p 78 77
E3 0.06 | 1554 60| 0.04 8.7 4P 64 78
E4 0.05| 1295 50| 0.04 1095 5D 47 81
E5 0.04 | 10.36] 40| 0.04 13.14 6p 39 69
E6 0.02| 5.18| 20| 0.04 17592 8p 21 84
E7 - - - 0.1 21.9] 104 - 70

Table 2: Monomer reactivity ratio of NPEM A/PAPMA Copolymershby F-R, Inv. F-R, K-T and Ext. K-T methods

Reactivity Ratio

M ethod

ry ry ro*rp | Urg | Ur,
F-R 0.92| 1.13| 1.04] 1.09 0.88
Inve. F-R | 0.87 | 1.06| 0.92| 1.15 0.94
K-T 0.91]1.0¢| 0.9¢ | 1.1C | 0.92
Ext.K-T | 0.8¢| 1.0¢ | 0.97 | 1.1Z | 0.92
Average | 090 | 1.09 | 098 | 1.11 | 092
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Table 3:M ean sequencelength of monomeric unitsin copolymers

Sample No. Ml\ﬁriomer ';Aegd uNPEMA | uPAPMA | pNPEMA:uPAPMA | uNPEMA/MPAPMA |  Distribution
E2 08 | 02 4.60 1.2725 42 3.615 NNNNPPNNN
E3 06 | 04 2.35 1.726661 22 1.361 NNPPNN
E4 0E | O=f 1.9C 2.0¢ 22 0.90¢ NNPFNN
E5 04 | 06 1.60 2.635 23 0.607 NNPPPNN
E6 02 | 08 1.23 5.36 15 0.229 NPPPPPN

1= NPEMA (N); 2= PAPMA (P)

3.6 Kinetics of Thermal Decomposition

The Kinetics parameters of thermal degradation weeetuated from theBroido [33] method. In this noettihe plot
of In [In (1/y)] vs 1/T gives a straight line, adition energy (Ea) was obtained from the slopefeord the intercept
the Pre-exponential factor (A) was calculatedhis talculations y= (\WW,) / (W, - W,) where Wis the weight at
temperature T °k, Wis initial weight and Wis the weight at end of pyrolysis.

The activation energy of first decomposition stegslower than that of second step. It has alreaéy Istated that
the energy required for first step was less thaat tlequired for breaking of polymeric chain in ssto
decomposition step. The value of Activation Eneafyhomopolymers and copolymers of NPEMA/PAPMA
randomly increased or decreased for both the degsitqm steps. The Pre-exponential factor was sfoalboth
steps indicating that the decomposition of polymvas slow. The values of {R correlation coefficient (Table 6)
derived from plots of Broidowas nearly 1 for botbs indicating a good correlation for the decoritjprssteps.

The values (Tables 6) of EAH, AS andAG are calculated [34] employing Broido method. Plositive value of
Enthalpy changeAH) indicated the endothermic nature of thermal ddgtion of polymer. The lower the value of
AH signified the formation of activated complex wesily favored and hence degradation process st fahe
lower activation entropyAS) suggests that formation of activated complesiasv and consequently degradation
process is slow and vice versa. The negative vafugS and positive value oAG for a decomposition process
indicate that steps are non-spontaneous. As thesafAG increases the process of formation of activatedptex

is slow which means thermal degradation proceskiger and vice versa. The results indicate thatdpolymer of
NPEMA was less stable than homopolymer of PAPMA aopdolymers of NPEMA/ PAPMA. It is seen that the
values ofEaAH and AG (Tables 6) for first decomposition steps are lotan those of second decomposition
steps, suggesting that the first decomposition stepfaster than that of second step. This wasp®aed from the
higher value ofAS for first decomposition step. Consequently filsgradation is relatively easier.

3.5 Antimicrobial screening

The results of microbial screening against differaicrobial organisms were presented in FiguredlyENPEMA)
allowed 30-45% growth for bacteria, while Poly-(PAR) permitted 55—-65% growth for bacteria. The copoérs
favored 30-60% growth. In case of antifungal sciregmesults showed that poly-(PAPMA) is less effexton
fungi than Poly-(NPEMA) and copolymers. Poly-(PAPM#lerated around 40-50% growth of yeast, 40-55%
growth of the same was observed in the copolymBosh homo and copolymers are moderately effective i
inhibiting the growth of microorganisms. As the gmmtage of PAPMA in the copolymers increased, the
effectiveness of the copolymers to inhibit the gitowf microorganisms randomly increased or decikase

Table4
Aver age molecular weights . .
Sample No M, M, M, Mo Polydispersity

E1l 18310| 26613] 37812 50279 145
E2 1417¢ | 19687 | 2899 | 4187 1.37
E3 1281Z | 18557 | 2953¢ | 4326¢ 1.4t
E4 15870 | 19320| 27272 39456 1.22
E5 21372 | 25403| 37543 45859 1.19
E6 31622 | 40202 49247 57888 1.37
E7 26031 | 3194f | 3788( | 4335¢ 1.2¢
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Table5: TGA data of homo and copolymer of NPEMA/PAPMA

% welight loss at different temperature | Decomposition step Tmax

SampleNO 555300 [ 400 | 500 | 600 | step-l | step-ll | stepl | stepl | TOT
El 1.74| 21.85 6498 9951 10 172-318  318-430 281 05 4 351
E2 3.59| 27.14] 78.39 99.3% 99.93 162-3p8  328-459 299395 360
E3 5.1 | 29.01 | 76.3% | 98.2¢ | 99.2¢ | 181-31€ | 31&48C | 27¢ 37€ 36€
E4 6.09| 17.82 70.09 9343 94.58 217-333 333-490 314377 357
E5 7.66| 17.09] 69.07 93 94.38 198-3B4 334-488 319 7 37 364
E6 7.64 12.4 61.41 88.64 90.7 227-412  412-5%24 377 41 4 358
E7 6.22| 9.93| 5231 8491 88.Q7 221-418 418-556 399449 361

Table 6: Kinetic parameter of thermal degradation of homo and copolymersof PEMA/PAPM A by Broido method

sampleNo. | Step | Range R? E* A As* AH* | AG*

E1 | 172-318| 0.991] 55.97 1.16E-03 -248.84 51{36 189.22
1l 318-430| 0.952| 82.85 8.97E-0b6 -271.Y9 7721 28614

E2 | 162-328| 0.989] 63.57 3.66E-04 -258.69 58(81 206.78
1l 328-459 | 0.961| 8597 4.39E-0b -277.61 80/42 265.8

E3 | 181-318| 0.97| 66.44 168E-06 -303.15 8328 250.62
1 318-480 | 0.955| 87.87 8.52E-04 -252.Y1 6104 225.0

E4 | 217-333| 0.954| 59.74 1.01E-03 -250.48 54|86 201.89
1l 333-490| 091]| 57.71 3.78E-08 -240.33 5231 208.52

E5 | 198-334| 0.979] 64.63 4.40E-04 -257.44 59(70 212.11
1l 334-488 | 0.955| 65.16 1.08E-03 -250.Y8 59{75 2R23.7

E6 | 227-412 | 0.959] 54.30 6.69E-03 -235.59 48|90 202.03
1l 412-524 | 0.97 | 75.31 | 5.50E-04 | -257.1« | 69.371 | 252.9}

E7 | 221-418| 0.981] 59.78 3.59E-03 -241.04 54|19 216.17
1l 418-556 | 0.984| 84.42 1.52E-04 -267.93 7842 2418

CONCLUSION

The monomers NPEMA and PAPMA have been used fqrgoetion of polymers. The monomers and copolymers
were characterized primarily from IR data @hdNMR data.The r, that means the reactivity of PAPMA is more
than NPEMA that means more units of PAPMA is prégecopolymers and from the data of mean sequkamggh
also prove that the PAPMA units is more in copolymerhe thermal stability of poly(PAPMA) is moreath
poly(NPEMA) and their copolymers. The kinetic paeder of thermal degradation is also prove that the
poly(PAPMA) is more stable than other homo and éppers.The homo and copolymers of NPEMA and PAPMA
could inhibit microorganisms in the order bacterigeast > Fungi.
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