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ABSTRACT 

Copolymerization of N-tert-butylacrylamide (NTB) and 2, 4-Dichlorophenyl methacrylate(DCPMA) was carried out  

in DMF medium at 70
o
C using  AIBN as initiator.  The copolymers were characterized by 

1
H-NMR spectroscopy 

and the copolymer compositions were determined by 
1
H-NMR analysis.  The reactivity ratios of monomers 

r1(NTB)= 0.83, r2(DCPMA)= 1.13 were determined by Fineman -Ross and Kelen -Tudos methods.  The prepared 

copolymers were tested for their antimicrobial activity against bacteria and fungi. 
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INTRODUCTION 
Copolymer is the most successful and powerful method for effecting systematic change in polymer

1
. Now 

Functional polymers are being synthesized and used not only for their macromolecular properties but also 

for the properties of the functional groups. These functional groups provide an approach to a subsequent 

modification of the polymers for specific end application
2
.  Thus chlorine containing phenyl methacrylate 

and its polymers has received considerable attention in recent years due to their varied applications. These 

chemicals find application as biocides. 

The literature survey reveals that there are some reports on the synthesis of monomeric and polymeric 

derivatives of higher methacrylates. Patel and coworkers3, 4 prepared copolymer from 2,4-Diclorophenyl 

methacrylate with various vinyl monomers and reported that these polymer are useful as micro biocides 

are thermally stable up to 250°C. The copolymers of 2-Hydroxyethylmethacrylate/methylmethacrylate 

with 2,4-Dichlorophenylacrylate 
5,6

 were synthesized with different monomer feed ratio. The synthesized 

copolymers were characterized by IR-spectroscopy and the copolymer composition was determined with 

UV-spectroscopy. Thermogravimetric analysis and antimicrobial activity also studied. Kadir and co-

workers prepared copolymers from phenyl methacrylate and methylmethacrylate. The copolymers were 

characterized by IR, 
1
H-NMR and 

13
C-NMR techniques 

7
. Reactivity ratios are amongst the most 

important parameters for composition equation of copolymers and they offer information about the 

relative reactivity of monomer pairs. Many reports have been published on the correlation between the 

reactivity ratio of vinyl monomers and extent of radical polymerizations and copolymerization 
8,9

. 

Thermogravimetric analysis has been widely used to investigate the thermal decomposition of acrylate 

and methacrylate vinyl ester polymers
10,11

. Many acrylic polymers containing chlorine possess an 

antimicrobial property have also been reported
12-15

. The polymers having antimicrobial properties are 

suitable in a variety of applications such as films, packaging materials, food stuffs, sanitary application 

and many others
16,17

. 

Thus synthesis and development of antimicrobial polymers is one of the leading frontiers of research in 

polymer science. With this view, the synthesis of NTB and its copolymerization with DCPMA by free 

radical solution polymerization was under taken. The prepared   polymers were characterized by   
1
H-
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NMR spectroscopy. Copolymer composition was obtained from 
1
H-NMR data and monomer reactivity 

ratios were determined by Fineman-Ross [F-R] and Kelen-Tudos [K-T] methods. Antimicrobial activity 

of the copolymers was carried out against selected micro-organisms. 

 

EXPERIMENTAL 
Materials 
AIBN was recrystallized from chloroform.  N,N

’
- dimethyl formamide (DMF) was dried in magnesium 

sulphate. Acrylonitrile was first washed with 5% NaOH   solution in water to remove the inhibitor and 

then with 3% Orthophosphoric acid solution in water to remove basic impurities.  Then the Acrylonitile 

was washed with double distilled water and dried over anhydrous CaCl2.  The acrylonitrile was then 

distilled in nitrogen atmosphere at reduced pressure.   

 

Preparation of N-tert-butylacrylamide(NTB) 
The Monomer N-tert-butylacrylamide was prepared by the reaction of t-butyl alcohol with acrylonitrile

18
.  

N-tert-butylacrylamide was recrystallized in warm dry benzene.  The white crystals have a mp. 94
o
C and 

the yield was 87 %.  The monomer was confirmed by both 1H-NMR and 13C-NMR spectroscopy. 

 
1
H-NMR Spectroscopy CDCl3,  δ(PPM) 

The 
1
H-NMR spectra of monomers and copolymers were recorded on the GSX-400 spectrometer (JEOL, 

Tokyo, Japan) operating at 400 MHz respectively in CDCl3.  The following peaks appear in NTB 

spectrum; at 1.42 ppm for tert-butyl protons, at 5.59-6.28 ppm for vinyl protons and   at  7.27 ppm  for    

N-H  proton. 
 

13
C-NMR(CDCl3), δ(ppm) 
δ 164.80(CH2 = C(H)-CO-NH..); δ 132.93(CH2 =C(H)-CO-NH…); δ 122.82(CH2=C(H)-CO-NH..) ; δ 
51.37( -C(CH3)3; δ 28.77 ( -C ( CH3)3 

 

Preparation of 2,4-Dichlorophenyl methacrylate(DCPMA) 
Methacryloyl chloride was prepared by reacting methacrylic acid with benzoyl chloride.  The 2,4-

Dichlorophenyl methacrylate (DCPMA) comonomer was prepared by esterfiation of 2,4-Dichlorophenol 

and methacrloyl chloride.Absolute ethanol (400mL) and NaOH (0.2 mol) were added to a three-necked 

flask that was equipped with stirrer, condenser and thermometer.  The flask was placed in a water bath 

and the contents were stirred until all the NaOH was dissolved.  Next, 2,4-Dichlorophenol (0.2 mol ) was 

added to the reaction mixture, which was then heated to room temperature  and then cooled to 0-5
o
C by 

ice.  Freshly prepared methacrloyl chloride (0.2 mol ) was added in a drop wise manner to the cooled 

reaction mixture and stirred for 90 min.  The mixture was then poured in to a crushed-ice-water mixture 

where a white colored product was separated out.  The product was filtered, washed thoroughly with cold 

water and recrystalized from methanol. 

 

Copolymerization 
A total feed of 5g of monomers N-tert-butylacrylamide, 2,4-Dichlorophenyl methacrylate and 50 mg of 

AIBN initiator were dissolved in 25ml of DMF placed in a standard reaction tube to obtain a homogenous 

solution.  The mixture was flushed with oxygen free dry nitrogen gas.  The copolymerization reaction was 

carried out at 70 
0
 C and allowed to proceed for an appropriate duration that would give a conversion 

below 10%.  After the reaction vessel was removed from the thermostat and cooled under the tap.  The 

solution poured in ice cold water to precipitate the copolymer and the copolymer washed with methanol 

to remove unreacted   monomers.  It was then dried in vacuum oven for 24 hours. 

 

Antimicrobial Activity 
The synthesized compounds in the present investigation have been tested for antimicrobial activity by 

well diffusion method.  The organisms selected for the antibacterial activity was carried out by using 
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Escherichia coli , Pseudomonas aeruginosa and Klebsiella pneumoniae. The organisms selected for the 

antifungal activity was carried out by using Aspergillus flavus , Candida albicans and Cryptococcus. 

Antimicrobial activity was evaluated by measuring the zone of inhibition in mm against the test 

microorganisms. DMSO was used as solvent control. Ciprofloxacin was used as reference antibacterial 

agent. Ketoconazole was used as reference antifungal agent. The plates are prepared as per the standard 

methods 
19

.   

 

RESULTS AND DISCUSSION 
Copolymerization 
A series of copolymers of   N-tert-butylacrylamide(NTB) and 2,4-Dichlorophenyl methacrylate 

(DCPMA) were prepared by free radical polymerization in DMF at 70oC using AIBN as initiator. The 

schematic representation of the copolymer is given below: 

 
Scheme-1 

Characterization 
1HNMR Spectroscopy 

The   
1
H-NMR    spectrum   of copolymer, N-tert-butylacrylamide(NTB) and 2,4-Dichlorophenyl 

methacrylate (DCPMA) ( 0.4 : 0.6)  is shown in Figure 1 . The   following peaks appear in the copolymer 

spectrum:  at 0.9 ppm for CH3 group, at 1.1 -1.4 ppm  for tert-butyl group    ,at 1.6 – 2.3 ppm and 2.9 ppm 

for  CH group and  backbone –CH2 group respectively ,   at 7.0 -7.5 ppm  due to  aromatic protons and at 

8.0 - 8.1 ppm for N-H proton . 

 
Fig. -1: 

1
H-NMR Spectra of Poly(N-tert-butylacrylamide - co -2,4 Dichlorophenyl methacrylate ) (0.4 : 0.6) 

 

Determination of copolymer composition 
The copolymer composition was determined by 

1
H-NMR spectral analysis of the copolymer.  The 

Assignment of the resonance peaks in the 
1
H-NMR spectrum allows the accurate evaluation of the content 

of each kind of monomer incorporated in to the copolymer chain. The aromatic peak area (DCPMA) is 

used to determine the copolymer composition.  Resonance signals at 7.0 - 7.5 ppm corresponds to 
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aromatic proton, and their integrated intensity of this peak was compared to the total intensities of all the 

peaks in the copolymer spectrum, which is a measure of their relative areas.  The copolymer compositions 

can be obtained using- 

                                     X(DCPMA)         = 13 A(aromatic )/ 3A + 5A(aromatic)   (1) 

 

Where X= mole fraction and A=peak area.  Table 1 gives the values of the corresponding mole fraction in 

the copolymers. The kinetic behavior was determined by plotting the mole fraction of DCPMA in the 

comonomer feed (M2) against that in the copolymer feed (m2) (Fig.- 2).  

 

 
Fig.-2: Copolymer composition diagram of Poly(NTB-co-DCPMA) 

 

Reactivity ratios 
From the monomer feed ratios and the resultant copolymer compositions, the reactivity ratios of monomer 

1 ( NTB ) and monomer 2 ( DCPMA) were evaluated by the methods of Fineman –Ross (F-R) &  Kelen-

Tudos (K-T).The significant parameters of F-R and K-T and equation are presented in Table- 1 .The 

reactivity ratios  for NTB ( r1) and DCPMA ( r2) from the F-R plot (Figure 3 ) and K-T plot( Figure 4 ) are 

given in table-2. The value(s) of r1 is less than 1 and r2 is greater than 1. r1 shows that NTB favors cross 

propagation as opposed to homo propagation and r2 shows that DCPMA favors homo propagation over 

cross-propagation. The r1 and r2 together show that DCPMA is generally more reactive than NTB, hence 

the copolymer contains a higher proportion of DCPMA units. The r1.r2 = 0.94 value indicates the 

formation of random copolymers. Although the product of   r1 and r2  is  0.94  which is less than unity, this 

can only be truly  said indicate  a random distribution of the monomeric units  where the values of r1 and 

r2   are close to unity themselves . The more the diverse from unity, the less random the distribution will 

be. 

Mean sequence length 
The mean sequence length was determined using the pertinent equations: 

l1 = r1 (M1/M2) + 1          (2) 

                                         
l1 = r2 (M2/M1) + 1          (3) 

 

Where r1 and r2 are the reactivity ratios and [M1] and [ M2] represents the concentration of NTB and 

DCPMA respectively, in the monomer feed. The mean sequence lengths of copolymer are given in Table- 

3.It is significant to note that from the Table -3, the DCPMA units decreases in a linear fashion in the 
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polymer chain as the concentration of DCPMA decreases in the monomer feed. In other words the NTB 

units increases in a linear fashion in the polymer chain as the concentration of NTB increases in the 

monomer feed. This suggests that the copolymers are becoming more ordered and less random in nature. 

 

 

 

 
 

Fig.-3: F-R plot of Poly(NTB-co-DCPMA) 

 

 
 

Fig.-4  :K-T plot of Poly(NTB-co-DCPMA) 
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Table-1: F–R and K-T parameters of Poly(N-tert-butylacrylamide  - co -2,4 -Dichlorophenyl 

methacrylate) 

 

Where, m1=1-m2 ; F=M1/M2 ; f=m1/m2   ; H=F
2
/f ; G = F(f-1)/f  ; ξ =H/α +H ; ŋ =G/α +H  and  

α =     ( Hmax  ×  Hmin )
1/2

     =   1.1151 

 
Table -2 : Copolymerization parameter , for the NTB (r1) and DCPMA (r2) copolymer 

 
Methods r1 r2 r1r2 

Fineman-Ross method 0.83 1.13 0.94 

Kelen-Tudos method 0.8 1.10 0.88 

 
Table-3  : Mean sequence lengths in copolymers of Poly(  N-tert-butylacrylamide  - co – 

2,4-Dichlorophenyl methacrylate) 
a 

 
DCPMA in feed M2 

(mol %) 

 

l1 

 

l2 

 

l1: l2 

 

Distribution 
b
 

0.8 1.21 5.52 1:6 NDDDDDDN 

0.7 1.36 3.64 1:4 NDDDDN 

0.6 1.55 2.70 2:3 NNDDDNN 

0.5 1.83 2.13 2:2 NNDDNN 

0.4 2.25 1.75 2:2 NNDDNN 

0.3 2.94 1.48 3:1 NNNDNNN 

0.2 4.32 1.28 4:1 NNNNDNNNN 

 
a
r1 = 0.83  and r2 = 1.13 ;  

b 
( N=NTB , D=DCPMA) 

 

Antimicrobial Activity 
The synthesized compounds in the present investigation have been tested for antimicrobial activity by 

well diffusion method. The organisms selected for the antibacterial activity was carried out by using 

Escherichia coli , Pseudomonas aeruginosa and Klebsiella pneumonia as mentioned in Table 4. From the 

Table 4, it noticed that the activity of polymers against bacteria had almost same activity except 

Pseudomonas aeruginosa .The organisms selected for the antifungal activity was carried out by using 

Aspergillus flavus , Candida albicans and Cryptococcus as shown in Table 5. From the Table 5 it noticed 

that the activity of polymers against fungi increases with increasing mole % of DCPMA in candida 

albicans,where as for Aspergillus flavus and Cryptococcus  the activity is maximum in the equal mole 

%of DCPMA and NTB content.  

Mole 

fraction of 

NTB in feed 

(M1) 

Mole fraction 

of DCPMA in 

feed (M2) 

Mole fraction of  

DCPMA in 

copolymer(m2) F f H G 

 

 

 
ξ η 

0.2 0.8 0.8112 0.2500 0.2327 0.2686 -0.8244 0.1941 -0.5958 

0.3 0.7 0.7138 0.4286 0.4010 0.4581 -0.6402 0.2912 -0.4069 

0.4 0.6 0.6363 0.6667 0.5716 0.7776 -0.4997 0.4108 -0.2640 

0.5 0.5 0.5428 1.0000 0.8423 1.1872 -0.1872 0.5157 -0.0813 

0.6 0.4 0.4495 1.5000 1.2247 1.8372 0.2752 0.6223 0.0932 

0.7 0.3 0.3427 2.3333 1.9180 2.8385 1.1168 0.7180 0.2825 

0.8 0.2 0.2244 4.0000 3.4563 4.6292 2.8427 0.8059 0.4949 
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Table -4: Antibacterial Activity of copolymers 

 

 

                                                        Bacteria  zone of inhibition in mm 

S.No. Organisms 

 

Ciprofloxacin(10) 3 DCPMA-NTB 5 DCPMA-NTB 7 DCPMA-NTB 

1. Escherichia 

coli 

21 

 

15 14 15 

2. Pseudomonas 

aeruginosa 

22 

 

14 20 10 

3. Klebsiella 

Pneumonia 

28 

 

15 15 14 

DMSO Solvent  No zone of inhibition 

 
Table-5 : Antifungal  Activity of copolymers 

 

                                                       Fungi zone of inhibition in mm 

S.No. Organisms Ketoconazole 3 DCPM-NTB 5 DCPMA-NTB 7 DCPMA-NTB 

1. Aspergillus flavus 23 6 19 10 

2. Candida albicans 15 17 23 25 

3. Cryptococcus 13 18 22 20 

DMSO Solvent No zone of inhibition 

 

3 DCPMA-NTB:  30 mol% DCPMA and 70 mol% NTB 

5 DCPMA -NTB: 50 mol% DCPMA and 50 mol% NTB 

7 DCPMA -NTB: 70 mol% DCPMA and 30 mol% NTB 
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