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ABSTRACT

Copolymers of N-tert-butylacrylamide (NTB) with quinolinyl methacrylate (QMA) of different feed ratio
were synthesized by free radical solution polymerization. The obtained copolymers characterized by NMR
spectroscopic method (*H), TGA and differential scanning calorimetry (DSC). The copolymer reactivity ratios and
mean sequence length were determined. Antimicrobial activity of the copolymers also studied against selected
microorganisms of bacteria and fungi.
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1. INTRODUCTION

Commercially important polymers having properties with effecting systematic change is based on their
selection of the copolymerization techniques. Thus addition of two or more different monomers in the same polymer
chain of varying feed ratio develops a new material with reactive functional group, used to depend on their
macromolecular properties (Akelah and Moet, 1990). Thus calculation of copolymer composition and reactivity
ratios are very much significant in deciding the application of the polymer (Pitchumani, 1982). The thermal studies
indicate the polymers stability. Antimicrobial polymers used to investigate for the control of microbial infection also
play a vital role in the research field. In this paper, we describe the synthesis, structure elucidation, reactivity ratios,
mean sequence lengths, thermal studies, antibacterial and antifungal activity of the copolymers of N-tert-
butylacrylamide (NTB) with quinolinyl methacrylate (QMA).

2. MATERIALS AND METHOD

Acrylonitrile (Stempel, 1950) and N-tert-butylacrylamide (Pazhanisamy and Reddy, 2007) were synthesized
as reported in the literature. 8-quinolinylmethacrylate comonomer (QMA) was prepared by esterification of 8-
hydroxy quinoline with methacryloyl chloride. Copolymers of N-tert-butylacrylamide (NTB) with quinolinyl
methacrylate (QMA) of different feed ratio were prepared by a total feed of 5 gm of monomer and comonomer in a
standard reaction tube with an AIBN initiator of 50 mg were mixed in 25 ml of DMF. Then the tube was introduced
in nitrogen atmosphere and placed in to the thermostatic water bath maintained at 70°C. The reaction was carried out
for 6 hrs, to get less than 10% conversion. The obtained product was purified by methanol and dried in vacuum oven
for 24 hours. The mole fraction of the feed is presented in Table.1.

Table.1. Composition data for free radical polymerization of NTB with QMA

Mole fraction of | Mole fraction of | Mole fraction of NTB | Mole fraction of QMA E=M:/M> | f=ma/m

NTB in feed (M1) | QMA in feed (M,) | in copolymer (my) in copolymer (my) it
0.2 0.8 0.3259 0.6741 0.2500 |0.4835
0.3 0.7 0.4684 0.5316 0.4286 |0.8811
0.4 0.6 0.5687 0.4313 0.6667 |1.3186
0.5 0.5 0.6498 0.3502 1.0000 |1.8555
0.6 0.4 0.7524 0.2476 1.5000 |3.0388
0.7 0.3 0.8392 0.1608 2.3333 |5.2189
0.8 0.2 0.8877 0.1123 4.0000 |7.9047

3. RESULTS AND DISCUSSION

'H-NMR spectroscopy: H-NMR spectra of the poly (NTB-co-QMA) recorded on the FT-NMR spectrometer
(Bruker AV Ill) operating at 500 MHz in CDCls3 as shown in Figure.1. In the spectrum, tert-butyl group at 1.1- 1.4
ppm, CHz group at 2.1 ppm, CH and CH. backbone group at 1.5- 1.8 ppm and 2.9 - 3.0 ppm, aromatic protons at 7.0
-7.7 ppm and N-H proton at 8.0 - 8.1 ppm.
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Figure.1. 'H-NMR Spectrum of Poly (NTB-co-QMA) in the mole fraction of 0.5:0.5
Copolymer composition: Copolymer composition is determined using QMA peak (7.0 -7.7 ppm) intensity by
comparing it to the total intensities of all the peaks in the copolymer spectrum.
It can be calculated by using the following equation

........ 1)
6A total) T 2A (aryl protons)
Where, X is the mole fraction and A is the peak area. The composition data of the copolymer is stated in
Table.1. By plotting the graph, M2 Vs m; shows that mole fraction of QMA in the copolymer is lesser than that of
feed (Figure.2).
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Figure.2. Copolymer composition curve of poly (NTB-co-QMA)
Reactivity ratios: The monomer (NTB) and comonomer (QMA) reactivity ratios were evaluated by Fineman—Ross
(F-R) (Fineman and Ross, 1950), Kelen-Tudos (K-T) (Kelen and Tudos, 1975) and Extended Kelen-Tudos (Ext. K-
T) (Kelen, 1977) methods. The significant parameters of F-R, K-T and Ext. K-T equation are presented in Table.2
and Table.3 respectively. The reactivity ratios for NTB (r1) and QMA (r2) from the F-R plot (Figure.3), K-T plot
(Figure.4) and Ext. K-T plot (Figure.5) are shown in the Table.4. The value(s) of r1 > r2 shows that the copolymer
contains a greater proportion of NTB units. The product value of ri.r; is equal to 1.00 value indicates the formation
of random distribution of monomer and comonomer in the copolymers.
Table.2. F-R and K-T parameter for the copolymers of poly
(n-tert-butylacrylamide -co-8-quinolinyl methacrylate)

G = F(f-1)/f | H=F%f [ n=G/o +H | £ =H/a +H
-0.2671 0.1293 | -0.4168 0.2018
-0.0578 0.2085 | -0.0803 0.2895
0.1611 0.3371 | 0.1898 0.3972
0.4611 0.5389 | 0.4389 0.5130
1.0064 0.7404 | 0.8038 0.5914
1.8862 1.0432 | 1.2132 0.6710
3.4940 2.0241 | 1.3779 0.7982

o= (Hmax. Hmin) 12 = 05116
Table 3: Extended K-T parameter for the copolymers of poly
(n-tert-butylacrylamide-co-8-quinolinyl methacrylate)

MA (M

8no|e 1£rac)tion) W G S z F G S L

0.8 5.0 | 4.4262 | 8.5603 | 1.6427 | 0.1792 | -0.3144 | 0.2251 | -0.3950
0.7 5.1]4.1512 | 8.5339 | 1.7593 | 0.2847 | -0.0676 | 0.3343 | -0.0794
0.6 46 | 3.5551 | 7.0313 | 1.9156 | 0.3593 | 0.1663 | 0.3879 | 0.1796
0.5 4.8 | 3.5946 | 6.6698 | 1.8199 | 0.5602 | 0.4701 | 0.4970 | 0.4171
0.4 49 | 3.2573 | 6.5989 | 2.1157 | 0.6789 | 0.9637 | 0.5450 | 0.7736
0.3 5.8 |3.3279 | 7.4435 | 2.2046 | 1.0738 | 1.9137 | 0.6545 | 1.1664
0.2 5.5 3.2288 | 6.3807 | 2.0994 | 1.7935 | 3.2889 | 0.7598 | 1.3934

Where, i = P2 @ma) / M1 ntey= 1.5512, =W (U + F/ pu+ 1), =G (F/F),Z=log (1- &) /log (1 -C2), F=f
/Zz, Gz(f'l)/z,a:(Fmax. Fmin)l/2:0.5669, éZF/OH'F,n:G/OH‘F
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Table.4. Reactivity ratios of poly (NTB-co-QMA)

Methods | [
Fineman-Ross (F-R) 2 10510
Kelen-Tudos (K-T) 2 |05]10
Extended Kelen-Tudos (Ext. K-T) | 2 | 05| 1.0
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Figure.3. Fineman-Ross plot of Figure.4. Kelen —Tudos plot of  Figure.5. Extended Kelen —Tudos

poly (NTB-co-QMA) poly (NTB-co-QMA) plot of poly (NTB-co-QMA)
Mean sequence length: (Pazhanisamy, 1997) using the pertinent equation it is calculated and given in the Table.5.
|1 = r 1 + 1 e (2)
2
|2 — r2 2 + l ....... (3)

Where r1, r; = reactivity ratios and [M;], [Mz] = mole fraction of NTB and QMA in the monomer feed
respectively.
Table.5. Mean sequence lengths of copolymers of poly (NTB-co-QMA)?

QMA in feed M, (mole fraction) | |1 I, l;: I, | Distribution®

0.8 1.50 | 3.00 | 2:3 | NN(QM)(QM)(QM)NN
0.7 1.86 | 2.17 | 2.2 | NN(QM)(QM)NN

0.6 2.33 | 1.75 | 2:2 | NN(QM)(QM)NN

0.5 3.00 | 1.50 | 3:2 | NNN(QM)(QM)NNN
0.4 4.00]1.33 | 4:1 | NNNN(QM)NNNN
0.3 5.67 121 |6:1 | Ns(QM)Ns

0.2 9.00 | 1.13 | 9:1 | Ng(QM)Ny

2ry=2.0and r, = 0.5, °(N = NTB, QM = QMA)
Thermal studies: TGA and DSC analysis of copolymers lead to the determination of quantities like degradation of
polymers, glass transition temperature (Tg) and stability. Thermal behaviors are shown in Figure.6 and 7, and the
data are reported in Table.6. It is observed that all the copolymers undergo three stages degradation. The initial
weight loss is due to moisture content. Weight loss at stage 1 (125-250°C) is due to dehydration of the partially
degraded amide groups. Stage 2 (275-350°C) associated to possible decarboxylation and/or other reactions of the
side chain units. Stage 3 (above 350°C) takes place due to the main chain degradation reactions and breakdown of
the polymer backbone (Soykan, 2007). Glass transition temperature (T4) of copolymer decreases with an increasing
amount of QMA in feed. In other words Tg value also found to increases with an increasing amount of NTB in feed.
The increase in Tg is occurs due to reduction in segmental mobility.

Table.6. TGA and DSC data of poly (NTB-co-QMA)

% weight loss at various temperature (°C)

Copolymers|Mole fraction of QMA in feed 100 1200 1300 1200 1500 1800 Tsow| Tmax [Ty | Tt

NTB- QMA |0.3 10 13 30 90 93 96 325 307 |77.3]700
NTB- QMA |0.5 5 8 30 90 94 97 325 |306.5/57.5|650
NTB- QMA |0.7 8 14 31 93 99 - 322 [305 |53.1]525
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Figure.6. TGA curves of poly (NTB-co-QMA) in Figure.7. DSC curves of poly (NTB-co-QMA) in the
the mole fraction of a) 0.7:0.3, b) 0.5:0.5, ¢) 0.3:0.7
Antimicrobial studies: Analysis was carried out by standard agar well diffusion method for the prepared copolymers
(Perez, 1990). Ciprofloxacin and Ketoconazole used as antibacterial and antifungal reference agent respectively.
Selected bacteria were Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumonia for antibacterial
activity. Selected fungi were Aspergillus flavus, Candida albicans and Cryptococcus for antifungal activity.
As per the table.7, it is showed that the activity of polymers against bacteria decreases with the increasing
feed content of QMA in Escherichia coli and Klebsiella pneumonia whereas for Pseudomonas aeruginosa increases
with the increasing feed content of QMA content. For antifungal activity, increases with the increasing feed content

of QMA.

mole fraction of 0.7:0.3

Table.7. Antibacterial and Antifungal activity of poly (NTB-co-QMA)

. . Zone of Inhibition (mm

Organisms (Bacteria) Ciprofloxacin (10) | Control (DMSO) 3Q|v|A-N(TB SEQMA-NTB | 7OQMA-NTB
Escherichia coli 21 No zone 17 16 15
Pseudomonas aeruginosa | 22 No zone 11 12 20
Klebsiella pneumonia 28 No zone 22 20 15
Organisms (Fungi) Ketoconazole

Aspergillus flavus 23 No zone 15 18 20

Candida albicans 15 No zone 23 24 25
Cryptococcus neoformans | 13 No zone 20 24 27

3QMA-NTB = 0.3 QMA + 0.7 NTB, 5QMA-NTB = 0.5 QMA + 0.5 NTB, 7QMA-NTB = 0.7 QMA + 0.3 NTB
Poly (NTB-co-QMA) of equal feed content is used study for MIC of various dilutions as given in Table 8
and the values are mentioned in Table 9. It is found that polymer active against fungi. But for bacteria it seems to be
active for Klebsiella pneumonia (Figure.8).
Table.8. Preparation of copolymer with various concentration ratios

Concentration ratio (Copolymer) | Stock solution (5ug sample in 500pl DMSO as 1) | DMSO (solvent)
1:1 200pl 200pl
1:2 100pl 200pl
1:3 50pl 150yl

Table.9. MIC of Antibacterial and Antifungal activity of poly (NTB-co-QMA)

Organisms (Bacteria) | Zone of Inhibition (mm)
Ciprofloxacin (10)|Control (DMSQO)|5QMANTB
MIC RATIO - 1]1:1|1:2]1:3
Escherichia coli 21 No zone 1017 |- |-
Pseudomonas aeruginosa |22 No zone 14|- |- |-
Klebsiella pneumonia 28 No zone 20|18 |17 |15
Organisms (Fungi) Ketoconazole
Aspergillus flavus 23 No zone 23|17 |16 |13
Candida albicans 15 No zone 15|13 |11 |10
Cryptococcus neoformans|13 No zone 20{16 |15 |15

SQMANTB =0.5QMA + 0.5 NTB
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Figure.8. MIC of poly (56QMANTB) with selected bacteria and fungi a) E.coli, b) P.aeru, ¢) K.pneu,
d) Afla, e) C.alb, f) C.neo

4. CONCLUSION

Free radical solution polymerization of N-tert-butylacrylamide (NTB) with 8-quinolinyl methacrylate
(QMA) was synthesized in DMF at 70°C using AIBN as an initiator. The formed product was confirmed and
copolymer composition was determined by NMR data. The product of the reactivity ratio (ri.r;) show random
copolymers. Thermo gravimetric analysis of copolymers showed three stages thermal degradation and Tg of the
copolymers is directly proportional to the feed content of the NTB and indicates its stability. Then the resultant
copolymers have significant inhibition effect on the growth of bacteria and fungi. Minimum inhibition concentration
of the copolymer for antifungal activity is most active against selected fungi than selected bacteria.
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