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ABSTRACT  
The (Ag-PMMA)  polymer nanocomposite films has been prepared via photo polymerization methods using metal salts (silver nitrate 
AgNO3) as a initiated materials to polymerization from  other side and adopter to the other. The structure of the nano Ag-PMMA  thin films 
was tested with FTIR spectra data showed that  physical bond  constituted  without  a strong chemical bond .The results of Atomic Force 
Microscopy (AFM) indicated that all films have grain size about 61.97-76.5nm . While the electrical conductivity (A.C. and D.C.) increase 
with increasing concentrations of silver nanoparticles. As well as the antibacterial activity of  nanocomposite studying by using   kelbsiella 
as (Gram-positive) and Pseudomonas (Gram-negative). The inhibition zone increased with increasing the concentration of  silver 
nanoparticles .while the bacterial concentration decreased 
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INTRODUCTION 
 

Polymer nanocomposites blended with Metal nanoparticles have become an important of all chemistry, 
physics, technology and bio-engineering [1].  

Recently, the polymerization of organic monomer is performed initially and then the silver ions, as if the 
photoplymerization method has been reported to synthesize metal polymer nanocomposites due to its unique 
advantages [2]. In this method the reduction of metal ions and polymerization of monomer can be carried out 
simultaneously under the normal pressure at room temperature without using excessive reduction of agents [3]. 

 This matter induces formation of homogenously dispersed metal nanoparticles in polymer matrix. 
Although several papers have been published on the radiation-induced synthesis of metal polymer 
nanocomposites [4], to our knowledge, there is no any report on the use of UV -irradiation to produce 
PMMA/Ag nanocomposite. In this paper, we employed UV-irradiation to produce PMMA/Ag nanocomposite in 
which the reduction of metallic  ions (AgNO3)and the polymerization of methyl- methacrylate monomer .Where  
Ag-PMMA  exhibit  many characteristics as catalytic, electrical, optical, ….etc. Making it the often used in 
various electronic fields, biomedical applications [5] 

 
 

MATERIALS AND METHODS 
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Methyl methacrylate monomers as matrix and silver nitrate (AgNO3) a filler soluble in dimethylformamide 

(DMF), then using ultraviolet- irradiation source with energy (125watt) bout 15min of irradiation time to 
polymerization the monomer to the metallic nanocomposite (Ag-PMMA). The weight percentages of AgNO3 
are ( 0,5,10,15,20,25) wt.%. The (FTIR) measured by using the apparatus     (Bruker), AFM measured by using 
the microscope type (SPMAA 3000 Angstrom Advanced Inc. USA 2008 AFM Contact Mode). 

The dielectric properties of nanocomposites were measured using LCR meter in the frequency (f) 
range100Hz-5MHz at room temperature. 

 
RESULTS AND DISCUSSION 

 
The FTIR spectra of   PMMA has almost all the absorption peaks present in table (1) PMMA as shown in 

Figure (1). Gives a good agreement comparing with other ref [6]. 
 

Table 1: FTIR spectra of PMMA 

 

Fig. 1: FTIR spectra of PMMA 
  

Figure 2 show the atomic force microscope results for Ag-PMMA which had been prepared in  
photopolymerization with  different concentration, one can observed that the particle size was variated from 
61.97 at 5wt.%   - 76.5  nm at 25wt.% 
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Fig. 2: illustrated the Atomic Force Microscope results for silver nanoparticles where a(5%),(10%), (15%), 

(20%), (25%) 
 
Figure (3) shows the variation of the nanosilver effects on D.C. electrical conductivity.rAs its calculated 

using the relation (1)  
 
σ =1/ ρ =L /RA                                 (1) 

 
Where: A = guard electrode effective area. R = volume resistance (Ohm). In this model the electrodes have 

circular area A= D2π/4.  
Due to increases the charge carriers which increased with increasing filler concentration  where  in the  pure 

PMMA represented by small darker regions and become large when the silver nanoparticle concentration  
increases and the network will be connected to each other containing the overlapping paths to allow the charge 
carriers to pass through, where the charge carriers with routes through which the electrical resistance be less [7]. 

 

 
Fig. 3: variation of D.C electrical conductivity with silver nanoparticles concentration for (PMMA-Ag) 

nanocomposites 
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 Figures (4) show the relationship of D.C electrical conductivity for (PMMA-Ag) nanocomposites 
respectively with the temperature. From figures shows that the electrical conductivity increases with the increase 
of the temperature of (PMMA-Ag) nanocomposites, this refers to the negative thermal coefficient. The 
interpretation of this fact is that the polymeric chains of silver nanoparticles act as traps for the electronic charge 
carriers which transited by hopping process [7, 8]. 

 

 
Fig. 4: variation of D.C electrical conductivity with temperature 
 

Fig.5 shows the variation of the dielectric constant with frequency which calculated using equation. (2) 
 
 ε=cp/c0                                   (2)                   

 
 Where: Cp is parallel capacitance and Co is vacuum capacitor of (Ag-PMMA) nanocomposites with the 

frequency of applied field. The dielectric constant of nanocomposites decreased with the increase of frequency, 
this behavior caused by the charge polarization space which decreased to the total polarization when this type of 
polarization becomes the more contributing at low frequencies The dielectric constant of nanocomposites 
increases with the increase of concentrations of the silver nanoparticles, this is due to the increase the dipoles 
charge [9]. 

 

 
       Fig. 5: variation of the dielectric constant  of (Ag-PMMA) nanocomposites with the frequency   

 



62                                                                      I.H.Hilal et al, 2016 
Advances in Environmental Biology, 10(1) January 2016, Pages: 58-65 

 
 
Fig. 6: variation of the dielectric constant of (Ag-PMMA) nanocomposites with the concentration of                   

silver nanoparticles at 100 Hz 
 
The variation of dielectric loss (ε" =ε' ∗ D) where D is loss factor of (Ag-PMMA) nanocomposites with the 

frequency is shown in Fig. 7 From the figure, the dielectric loss of nanocomposites decreases with the increase 
of the frequency which attributed to the decrease of the space charge polarization contribution. But increasing 
silver nanoparticles caused to increasing the dielectric loss. 

 

 
 
Fig. 7: Variation for dielectric loss with Ag nanoparticles concentration for (PMMA-Ag) nanocomposites                   

at (100)Hz. 
 
Figures (8) show the dielectric loss as a function of the frequency of (PMMA-Ag) nanocomposites at room 

temperature, respectively. This value represents the highest dielectric loss at certain frequency; that is the 
highest absorption of applied field. At different concentration of dopant the higher value of the dielectric loss for 
the higher concentration of dopant can be understood in terms of electrical conductivity, which is associated 
with the dielectric loss. This behavior is similar in both types of nanocomposites. This is similar to the results 
reached by the researchers [9,10]. 

 



63                                                                      I.H.Hilal et al, 2016 
Advances in Environmental Biology, 10(1) January 2016, Pages: 58-65 

 
 
Fig. 8: show the dielectric loss as a function of the frequency of )PMMA-Ag) nanocomposites at room 

temperature 
 
Fig. 9: shows the variation of A.C electrical conductivity (σA.C  = w ε˝ ε0 ), where ε  is Vacuum permittivity   

of (Ag-PMMA) nanocomposites as a function of the frequency. The figure shows that the electrical conductivity 
is increased with the increase of the frequency which attributed to the polarization effect and hopping. The A.C 
electrical conductivity is increased with the increasing of silver nanoparticles concentration; this is related to the 
hopping of charge carrier conduction mechanism [10.11]. 

 

 
Fig. 9: show A.C Conductivity with the frequency of (PMMA-Ag) nanocomposites at room temperature 

 
The figures (10) show that the A.C conductivity increases considerably with the increase of frequency (f) 

from 100 Hz to 5MHz. This is attributed to the space charge polarization that occurs at low frequencies and the 
motion of electronic charge carriers. The increasing of the conductivity is small at high frequencies; this is 
attributed to the electronic polarization and the electronic charge carriers which travel by hopping process. 
Consequently, the conductivity is increasing when increasing the frequency for all different concentrations of 
the silver nanoparticles for (PMMA-Ag) nanocomposites. This is similar to the results reached by the 
researchers [12]. 
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                             Fig. 10: show A.C Conductivity as a function of the frequency 

 
The Figure (11) shows the inhibition zones for the samples for antibacterial activity for (A): kelbsiella  and  

(B) :  Pseudomonas aeruginosa bacteria. The antibacterial active of nanosilver – PMMA were tested for by 
diffusion method, using Mueller Hinton agar plate against kelbsiella Pseudomonas aeruginosa bacteria. The 
bacterial suspension prepared through made saline suspension of isolated colonies. The agar medium was 
seeded with the organisms by pour plate method and filled with different concentrations of silver nanoparticles 
embedded polymer nanocomposite solution. The plates were pre-incubated for 1 hour at room temperature to 
ensure adequate diffusion and finally incubated at 37°C for 24 h. After incubation, then the inhibition zone 
method and measuring concentration of bacteria was used to assess the antibacterial action of nanocomposites. 

 

 
Fig. 11: shows the inhibition zones for the samples for antibacterial activity for (A): kelbsiella  and  (B):  

Pseudomonas aeruginosa bacteria where (a:5% , b:10% , c:15% , d:20% , 25% ) concentrations 

B 

A 
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The results reached to all the samples having different concentrations of silver nanoparticles showing high 
antibacterial activity.  The silver nanoparticles have small size; nanoparticles can easily penetrate the bacterial 
cell membrane, and reach to the nuclear content. The exact mechanism of antibacterial action of Ag 
nanoparticles is partially known [13]. 

 
Conclusions: 

1. The grain size of silver nanoparticle in PMMA about 61.97-76.5nm. 
2. The dielectric constant of (Ag-PMMA) nanocomposites was decreased with the increase of the 

frequency and it increases with the increase of the weight percentages of silver nanoparticles. 
3. The dielectric loss of (Ag-PMMA) nanocomposites was decreased with the increase of the frequency 

and it increases with the increase of the weight percentages of silver nanoparticles. 
4. The A.C electrical conductivity of (Ag-PMMA) nanocomposites increases with the increase of the 

concentration  of silver nanoparticles and frequency. 
5. The D.C. conductivity increased with increasing each of temperature and silver nanoparticle 

concentrations. 
6. Whenever the concentration of nano silver increased in the PMMA polymer leds to increased the zone 

inhibition, but the concentration of bacteria decreased. 
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