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In the present study, poly(N-hydroxymethyl acrylamide) (PHMAm)/unmodified Na-

montmorillonite (Na-MMT) composites had been successfully synthesized by in situ 

radical polymerization and the antibacterial activities of the composites against Gram 

(+) and Gram (-) bacteria were scrutinized. The structure, morphology, and particle 

size of prepared composites were characterized by Fourier infrared spectroscopy, X-

ray diffraction (XRD), scanning electron microscopy (SEM), and transmission 

electron microscopy (TEM). According to the XRD analysis, the interlayer spacing of 

montmorillonite layers was expanded. SEM images showed that the morphology of 

composites was spongy and porous cauliflower-like shape. TEM revealed the Na-

montmorillonite intercalated in poly(N-hydroxymethyl acrylamide) matrix. All the 

obtained composites exhibited good antibacterial activity against various pathogens 

bacterial strain particularly Pseudomonas aeroginosa Gram (-) using disk diffusion 

method. The antibacterial activity of composites was increased with HMAm monomer 

content except Escherichia coli 35218. 
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In recent years, polymer/clay composites have 

attracted considerable attention due to their 

remarkable properties such as enhanced 

mechanical properties, thermal stability, gas-

barrier, and antibacterial properties compared to 

pure polymer [1-6]. Among its properties, the 

antibacterial property of polymer/clay composites 

is the most important feature to use for 

antibacterial applications since eco-friendly 

materials. In addition, polymer/clay composites 

with antibacterial activity have been received as a 

new class of biomedical materials. 

 

The inorganic layered material clays are 

relatively low cost, abundant, and have excellent 

chemical and thermal resistance for synthesis 

polymer/clay composite. Among the many-

layered materials, the Na-montmorillonite (Na-

MMT) is one of the widely used  inorganic 

materials for this purpose and consists of layers 

of two tetrahedral silica sheets sandwiching one 

octahedral alumina sheet [7, 8]. It has inter-

calation and exfoliation characteristics. With only 

a low content of MMT, improved physical 

properties of the polymer can be obtained. In 

addition, the hydrophilic nature of the clay 

surfaces provides homogeneous dispersion in the 

organic polymer phase [9]. Use of clay minerals 

as inorganic fillers also reduce the cost of 

inorganic/organic composite products. 
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N-hydroxymethyl acrylamide (HMAm) is 

one of most important monomers for acting as a 

crosslinking agent in some emulsion  

polymerization systems and it is very easy to 

polymerize because of the hydrophilic nature of 

the HMAm [10]. Also, poly(N-hydroxymethyl 

acrylamide) (PHMAm) is biodegradable and 

biocompatible. It is a hydrophilic and nonionic 

polymer with hydroxyl groups on the side chain 

covering a hydrophobic carbon-carbon backbone. 

It is widely used for many applications such as 

protective coatings and textile binders. However, 

the poor thermal and mechanical properties 

especially thermal stability, and also antibacterial 

properties need to be improved. 

 

There are many studies for the preparation 

of polymer/clay composites in the literature, there 

is little work on preparation, characterization and 

antibacterial properties of poly(N-hydroxymethyl 

acrylamide)/unmodified Na-montmorillonite 

composites synthesized by in situ polymerization. 

 

Owing to our interest in developing new 

materials with improved properties, the purpose 

of this study was to improve the antibacterial 

activities the prepared composites against various 

strains via PHMAm through the synthesis and 

modify with layered materials such as clay.  

 

EXPERIMENTAL 
 

Materials 
 

All chemicals were purchased from Merck 

(Germany). A free radical initiator, benzoyl 

peroxide (Bz2O2) (Merck) was twice purified by 

recrystallization from methanol and chloroform 

mixture.  
 

Reagent grade N-hydroxymethyl acryla- 

mide (HMAm) (Merck) monomer was used 

without further purification. The clay used in this 

study was Na-montmorillonite (Na-MMT) 

provided by Reşadiye (Tokat/Turkey) and was 

used after further purification [9]. Its specific 

surface is 67.56 m
2
/g, and its XRD analysis 

shows that the interlayer spacing of Na-MMT is 

1.18 nm. All the bacterial strains were obtained 

from the Department of Biology, Gazi University 

of Ankara, Turkey. All other chemicals were of 

analytical reagent grade and used without further 

purification.  

 

Synthesis of PHMAm/Na-MMT Composites 

 

Na-montmorillonite was obtained, as previously 

described in the literature by the methods of 

dispersion and sedimentation from its aqueous 

suspension [11]. The PHMAm/Na-MMT 

composites were synthesized using in situ free 

radical polymerization of HMAm monomer in 

aqueous medium [12,13]. 

 

In this synthesis procedure, 1 g Na-

montmorillonite was dispersed in 24 ml of 

distilled water in a 100 ml Pyrex glass tube and 

the obtained dispersion was stirred at a rate of 

100 rpm in overnight at room temperature for 

each polymerization. The HMAm and the 

aqueous Na-MMT suspension were mixed with 

the different weight ratios as given in Table 1. By 

the addition of the solution of Bz2O2 in 1 ml 

acetone (3.59 × 10
-3

mol/l), the mixture was 

polymerized in an ultrasonic bath (Bandelin 

Sonalex RK 100H, Germany) at 85
o
C for 2 h to 

synthesize the PHMAm/Na-MMT composites. 

Finally, the obtained composites were left dry in a 

vacuum oven at 30
o
C and weighed. The same 

procedure was adopted for other samples using 

different quantities of HMAm.  

 
 

Table  1 .  Preparat ion condi t ions o f  PHMAm/Na -MMT composi tes
a
.  

 
       

   Sample code          Monomer content     

                    (wt%) 

   
 

PHMAm/Na-MMT-1    33.33   

PHMAm/Na-MMT-2    50.00   

PHMAm/Na-MMT-3    71.43     

PHMAm/Na-MMT-4    80.00    

 
 PHMAm: poly(N-hydroxymethyl acrylamide); MMT: montmorillonite. 

a
[Bz2O2]: 3.59 × 10

-3
mol/l, temperature: 85

o
C, time: 2 h. 
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Characterization of  PHMAm/Na-MMT 

Composites  

Fourier transform infrared (FTIR) spectra were 

recorded in KBr pellets by a Bruker IFS 66/S 

Model FTIR spectrophotometer in the range 400-

4000 cm
-1

.  

The XRD patterns of Na-MMT and 

PHMAm/Na-MMT composites in powder form 

were recorded using a Rigaku D/MAX 2200 X-

ray diffractometer. Composites were analyzed in 

a 2θ range of 2-40°, at the scanning speed of 

0.15°/min using CuKα radiation ( 1.5418 Å).  

Scanning electron microscopy was 

applied to observe surface morphology of pure 

Na-montmorillonite and composites using a 

Quanta 400F Field Emission instrument. The 

surface of all samples was coated by thin layer 

gold prior to analysis. 

 

The microstructure of composites was 

observed using a TEM-FEIN, model Tecnai G2 

F30 transmission electron microscope (TEM) 

with at an accelerating voltage of 120 kV. The 

samples cured epoxy resin was microtomed with 

a Leica ultracut-R. Ultrathin sections were cut 

with a glass knife   and  deposited  on  one  layer  

of carbon 300 mesh copper grids prior to analysis. 

 

 The antibacterial activity of prepared 

PHMAm/Na-MMT composites was verified by in 

vitro different bacterial species. Bacillus cereus 

G (+), Staphylococcus aureus G (+), Proteus vulgaris 

G (-), Pseudomonas aeruginosa G (-), and Escherichia 

coli (35218)  G (-) were used to evaluate the anti-

bacterial activity by disc diffusion method [4,14-

16]. This method is a means of measuring the 

efficiency of an antibacterial agent against the 

bacterial growth. In this method: Composites 

were cut to make 16 mm in diameter for 

measurement of antibacterial activity. Inoculums 

of bacteria were prepared in 0.85% saline using 

McFarland standard and inoculated uniformly on 

nutrient agar plates. The disc was placed on the 

agar surface of the plate. The zone of inhibition 

for each composite was measured after overnight 

incubation at 37
o
C. If the bacteria are susceptible 

to a particular compound, an area of clearing 

surrounds the wafer where bacteria are not 

capable of growing (called a zone of inhibition). 

The size of the zone of inhibition shows the 

antibacterial activity was ordered as strong 

activity (> 13mm), moderate activity (6-12mm), 

weak activity (5mm) or no activity (inhibition 

zone < 5mm) [17]. 

 

RESULTS AND DISCUSSION 

 

FTIR Analysis 

 

The FTIR spectrum of PHMAm/Na-MMT-4 

composite as depicted in Figure 1 shows the 

characteristic peaks of appeared from 400-4000 

cm
-1

 range. In the FTIR spectrum of composite, 

the characteristic peaks of PHMAm at 3292 cm
-1

 

as broad single peak (N-H stretching), 1650 cm
-1

 

(CO amide) and 1530 cm
-1

 (C-N) resonance; and 

the characteristic peaks of Na-MMT at 3630 cm
-1

 

(O-H stretching), 470 cm
-1

 (Mg-O), 1040 cm
-1

 

and 515 cm
-1

 (Al-O-Si) is also observed. This 

spectrum indicates the interaction between Na-

MMT and polymer matrix. The peaks have been 

identified consistent with the prior published 

literature [18, 19]. 

 

Confirmation of intercalation by XRD 

analysis.  XRD analysis was utilized to confirm 

the existence and formation of Na-MMT in 

PHMAm. The patterns of the Na-MMT and 

PHMAm/Na-MMT composites are shown in 

Figure 2(a-c). In Na-MMT, the peak at 2 =7.46
o
 

corresponds to d001 interlayer spacing (1.18 nm) 

[4, 6]. The interlayer spacing values (d001)of the 

samples is found by using Bragg’s law (d = 

n/2sin, with  1.5418 Å). The XRD patterns 

of the PHMAm/Na-MMT-2 and PHMAm/Na-

MMT-4 revealed a broad peak at composites 

showed that the characteristic crystalline peak 

was shifted toward smaller angles, consequently, 

increase in the interlayer spacing. This confirmed 

the intercalation of PHMAm chains between the 

layers of Na-MMT [Figure 2 (b and c)]. The 

interlayer spacing was calculated to be 1.97 nm 

for PHMAm/Na-MMT-2 while in case of 

PHMAm/Na-MMT-4 it was noticed to be 1.95 

nm. An increase of approximately 0.79 nm 

expansion in the d-spacing value demonstrates 

that the PHMAm molecules are intercalated into 

the interlayer space of clay. These results indicate 

and supported that the PHMAm molecules 

penetrate through the galleries of clay and 

expanding the interlayer spacing. This is direct 
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evidence that intercalated PHMAm/Na-MMT 

composites have been synthesized. Similar 

behavior has been reported in the literature by 

many other researchers [19-21]. 

 

 

 

 
Figure 1. FTIR spectrum of PHMAm/Na-MMT-4 composite. 

 

 

 

 

 
Figure 2.  XRD patterns of (a) Na-MMT, (b) PHMAm/Na-MMT-2 composite, and (c) PHMAm/Na-MMT-4 composite. 
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Scanning electron microscopy analysis 

of composites. The surface morpholo-gies of Na-

MMT and PHMAm/Na-MMT com-posites and 

also the distribution of the Na-MMT layers in the 

polymer matrix-were examined by SEM. As 

shown in Figure 3(a), Na-MMT exhibited an 

aggregated and sheet-like plates structure before 

the intercalation. After Na-MMT was intercalation 

with PHMAm, the significant changes in 

morphology as illustrated in Figure 3(b) and (c). It  

can be seen that PHMAm polymerization occurred 

within the Na-MMT layers and a satisfactory 

dispersion of clay layers in the polymer matrix. It 

is particularly interesting to note that the composite 

morphology exhibits spongy and porous 

cauliflower-like shape morphology at higher 

monomer contents in Figure 3(c). This 

morphological images is well con-sistent with the 

previous reports [13, 19, 22]. 
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Figure 3. SEM images of (a) Na-MMT, (b) PHMAm/Na-MMT-2 composite,  

and (c) PHMAm/Na-MMT-4 composite. 
 

 

Transmission electron microscopy 

analysis of composites.  TEM observations are 

necessary to determine the morphology of 

composite and it also provides additional 

information that will aid in the interpretation of 

XRD results. The TEM micrograph of 

PHMAm/Na-MMT-2 composite is shown in 

Figure 4. The black lines represent the individual 

MMT layers, while the light areas correspond to 

the polymer matrix in the micrograph. TEM 

images of PHMAm/Na-MMT-2 composite show 

that individual layers of the Na-MMT are well 

dispersed homogenously nanoscale in the 

PHMAm matrix and separated one from the 

other. Some agglomeration of clay platelets was 

observed. As shown in Figure 4, the TEM 

micrograph of PHMAm/Na-MMT-2 com-posite 

had layered structure and the individual layers of 

Na-MMT are well dispersed homo-genously 

nanometric size in the PHMAm matrix. The 

circle mark demonstrates intercalated structure. 

The average particle sizes as evaluated from 

Figure 4 were varying from 100 to 190 nm. The 

obtained intercalated structure in PHMAm /Na-

MMT-2 composite is good agreement with the 

XRD result. This feature was similar to the 

observations of other researchers [23-27]. 

  

Determination of antibacterial properties 

of prepared PHMAm/Na-MMT composites. The 

antibacterial properties of the PHMAm/Na-MMT 

composites prepared using in situ polymerization 

were tested using disc diffusion technique [4, 16]. 

Bacterial strains (B. cereus G (+), S. aureus G (+), 

P. vulgaris G (-), P. aeruginosa G (-), and E. coli 

(35218) G (-)) were screened for their anti-

bacterial activities of composites. Disc diffusion 

technique was carried out and the zone of 

inhibition (as millimeters) for different concen-

trations of composites was measured. Figure 5 

shows the inhibition zones that were formed by 

composite samples. All the inhibition zones 

measured are also summarized and presented in 

Table 2. 

 

The results showed that pure Na-MMT 

exhibited no antibacterial activity when com-

pared with PHMAm/Na-MMT composites. 

Nevertheless, all the composites exhibited good 

antibacterial activity and more effective against 

various  pathogens  bacterial  strain particularly 

P. aeroginosa [Figure 5 (a)]. The antibacterial 

activity of composites was increased with 

HMAm  monomer content except E. coli 35218 

G (-) [Figure 5 (b)]. 

 

c 
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Figure 4. TEM image of PHMAm/Na-MMT-2 composite. 

 

 

 

 
 

 
Figure 5. Antibacterial activity results of the PHMAm/Na-MMT3 composites against two pathogenic strains;  

(a) P. aeroginosa G (+) and  (b) E. coli G (-) shown by the disc diffusion method. 
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Table 2. Average of inhibition zones obtained from various composites at different concentrations of HMAm
a
. 

 

 

Tested Bacteria 

 

Samples 

Average of the    

inhibition zone (mm) 

 

Bacillus cereus G (+) 

 

 

 

Na-MMT  

PHMAm / Na-MMT-1  

PHMAm / Na-MMT-3  

 

 

16 

26 

28 

 

Staphylococcus aureus G (+) 

 

 

Proteus  

vulgaris G (-) 

Na-MMT  

PHMAm / Na-MMT-1  

PHMAm / Na-MMT-3  

 

Na-MMT                 

PHMAm / Na-MMT-1        

PHMAm / Na-MMT-3  

 

 

16 

35 

39 

 

16 

30 

36 

 

Pseudomonas aeruginosa  

G (-) 

 

Na-MMT  

PHMAm / Na-MMT-1  

PHMAm / Na-MMT-3 

16 

40 

45 

 

Escherichia coli (35218)  

G (-) 

Na-MMT  

PHMAm / Na-MMT-1  

PHMAm / Na-MMT-3 

16 

25 

25 

 

a
 Diameter of samples is 16 mm before experiment. 

 

 

CONCLUSION 

 

In this study, PHMAm/Na-MMT composites 

were synthesized using in situ radical poly-

merization at different contents of HMAm 

monomer. Intercalated morphology was observed 

for composites and confirmed by X-ray dif-

fraction results. The scanning electron micro-

scopy revealed that, at a higher content of 

HMAm, the composite is spongy and porous 

cauliflower-like shaped morphology and con-

firmed the dispersion of silicate layers in the 

PHMAm matrix. TEM image showed the inter-

calation of PHMAm between the clay layers in 

nanoscale.  The biological activity findings indi-

cated that the antibacterial properties of com-

posites were increased with N-hydroxymethyl 

acrylamide content except for E. coli 35218 G (-).  
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