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 Abstract 

      Silver Poly (methyl methacrylate) PMMA nanocomposite thin films deposited on 

glass substrates by in-situ aerosol assisted plasma polymerization at atmospheric pressure 

and room temperature, from methyl methacrylate monomer in the presence of different 

concentrations of Ag nanoparticles (3%, 5%, 7%, and 9wt%). The average particles size 

for the silver nanoparticles was within 50nm. Metal polymer nanocomposite thin films 

were characterized by UV-VIS, XRD, and SEM the optical studies show that the energy 

band gap will be different according to the silver PMMA concentration. The XRD pattern 

indicates that the pure PMMA is amorphous where The XRD pattern of Ag nanoparticles 

in PMMA, all the refractions corresponded to the pure silver metal with cubic symmetry. 

SEM and the XRD reveal the presence of silver nanoparticle embedded into PMMA. It 

can be concluded that it can be prepared Ag\ PMMA nanocomposite thin films by aerosol 

assisted dielectric barrier discharge DBD plasma jet polymerization and control the 

optical energy band gap irregulars by controlling the experiment variables. 
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- عبر حاجس عازل والمعسزة بالرذاذ لتحضير متراكباث فضتبلازما نفث بالتفريغ الكهربائي 

 PMMA
تالخلاص  

عهى قىاعذ مه انضجاج ورنك باوجاص انبهمشة  PMMA/Ag واوىٌت نمخشاكباث  حم حشسٍب اغشٍت سقٍقت      

  MMA مىضعٍا بانبلاصما انمعضصة بانشرار وبذسجت حشاسة انغشفت وعىذ انضغط انجىي  ,مه مىوٍمش

.معذ قطش انجسٍماث .(%and 9wt ,%7 ,%5 ,%3)وبىجىد حشاكٍض مخخهفت مه جسٍماث انفضت انىاوىٌت 

 ,UV-VIS.الاغشٍت انشقٍقت  انىاوىٌت نمخشاكباث معذن بىنٍمش شخصج بال  nm00انىاوىٌت نهفضت هً 

XRD و SEMانفضت فً ,دساست انخىاص انبصشٌت بٍىج ان فجىة انطاقت  انبصشٌت حخغٍش مع حغٍش حشكٍض

PMMA حٍىد انشعت انسٍىٍت  بٍه ان .PMMA  رو حشكٍب بىائً عشىائً  بٍىما ومط حٍىد الاشعت انسٍىٍت

كاوج واحجت عه فضت وقٍت راث حشكٍب بهىسي مكعب .فحىصاث انمجهش الانكخشووً PMMAنهفضت فً 

.PMMA ال والاشعت انسٍىٍت بٍىج ان جسٍماث انفضت انىاوىٌت مضسوعت بصىسة مخجاوست داخم
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بانبهمشة انمىضعٍت بانبلاصما وفث  PMMA/Agمه هزا وسخىخج امكاوٍج ححضٍش اغشٍت سقٍقت نمخشاكباث 

وانخحكم بفجىة انطاقت انبصشٌت بشكم مىخضم  ورنك   DBDانمهىنذة بانخفشٌغ انكهشبائً عبش حاجض عاصل 

بانخحكم بمخغٍشاث انخجشبت.

INTRODUCTION 

n several last year plasma polymers containing small metal, particles have been

intensively studied due to their novel physical properties and promising application.

Plasma is often done by means of a dielectric barrier discharge (DBD). This is mostly 

worked out through a parallel plate electrode system. At least one of the electrode 

surfaces is covered with a dielectric. A carrier gas is brought between the two electrodes 

to be ionized for creating the discharge. Commonly used carrier gasses are inert gasses 

like helium, argon and nitrogen. The layer that is deposited originates from a precursor 

that is injected into plasma[1]. Different precursor systems can be used: gasses, liquid 

vapors, and aerosols. Most often gasses and/or aerosols are used. This work deals with 

the atmospheric plasma jet deposition technique using aerosols. Plasma can split up 

molecular particles. Only elements and components with a low molecular weight can be 

utilized as gas precursor in plasma depositing applications. As there are much more liquid 

than gaseous precursors available, the number of possible material is clearly higher when 

working with aerosol precursors. Various nanoparticles and monomer systems can be 

simultaneously applied in aerosol form during plasma treatment. So working with aerosol 

precursors offers more flexibility [2]. Different techniques can be used for aerosol 

production: ultrasonic piezoelectric technology and nozzles. Nozzles are the most stable 

system in case of constant production. Important parameters are the distribution of the 

drop size and the average drop diameter. The smaller the drop size, the higher the 

interaction precursor-plasma [3].  

    In this work special nozzle was used to generate an aerosol. One of the main 

challenges in preparation high-performance nanometalparticle/polymer composite thin 

films is achieving homogeneous dispersion of the nanoparticles in a polymer matrix. This 

criterion is vital because good dispersion of the individual nanoparticles in a polymer 

matrix is the basis for obtaining promising material properties [4]. In this work, the in-

situ polymerization process was used to prepare Ag PMMA nanocomposite thin films. 

Selected PMMA among different polymers because of its simple synthesis procedure, 

good environmental and thermal stability, low-cost price, good optical and chemical 

properties[5]. The motivation behind this investigation is to study the characteristic 

change in optical properties of PMMA when silver nanoparticles are embedded in it. 

Here PMMA plays the role of a dielectric medium. Silver nanoparticles are of current 

importance because of its easy preparation process and unique optical, electrical and 

thermal properties. These nanoparticles are best suited for application in surface plasmon 

optics, photonics, photography, surface enhanced Raman scattering, surface enhanced 

florescence, catalysis, data storage, random laser etc [6]. Hence the synthesis of PMMA–

silver nanoparticle composite is receiving wide attention. 

I 
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 Experimental details 

       The Dielectric Barrier Discharge (DBD) plasma jet system used for the thin films 

deposition consist of alternating high voltage power supply, generates high voltage of 

sinusoidal shape of 7.5 kV peak to peak and fixed frequency of 28 kHz, plasma jet torch, 

gas supply and fiting. Fig.1 shows a photograph at working of the non-thermal 

atmospheric pressure plasma torch. Silver nanoparticles from Nanjing nano Technology 

co, ltd, China its particle size was 50nm and purity of 99.9%, with concentration of 3%, 

5%, 7% and 9wt% were mixed with Methyl Methacrylate Monomer (MMA) product 

from Vertex-Dental Netherlands. The mixer dispersed by ultrasonic to ensure a 

homogeneous distribution of nanoparticles. Then silver PMMA nanocomposite thin films 

deposited by DBD plasma jet system on ultrasonically cleaned glass substrate of standard 

size 10 x 10 mm. Fig.2 shows a photografe for the non-equilibrium atmospheric pressure 

plasma system for Silver/PMMA nanocomposite thin films preparationis. 

 

 

 

   

 

 

 

 

 

 

  

  

 

 

Figure (1) Photograph at working of the non-thermal atmospheric pressure 

 plasma torch. 

 

 Whene the Argon gas passes through the nobilizer which contains the mixture, the 

mixture convert to aerosol.  This aerosol was guided by the Ar gas to the plasma jet. the 

plasma was ignited by using an electric source at a fixed frequency of 28 kHz. The 

plasma was generated downstream to the substrate which was positioned along the 

plasma jet at a fixed distance from the plasma torch (1.5cm). The film deposition was 

carried out for 5min.the levels of gas flow rate was 1 l/min. 
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Figure (2) Photograph for the non-equilibrium atmospheric pressure plasma 

 system for Silver/PMMA nanocomposite thin films preparations. 

 

   UV-Visible absorption spectra of pure PMMA and Ag/PMMA nanocomposite thin 

films were obtained by using a double beam UV-VIS-NIR 210A Spectrophotometer.the 

fluorescence measurements were obtained by using SL 174 spectrofluorometer. The thin 

films  surface morphological analysis is carried out by SEM and the structure analysis are 

achived by X-ray diffractometer system type SHIMADZU 6000. The thickness of the 

films was measured by optical interferometric method. 

 

Results and discussion 

Absorption spectrum  

        Fig.3 shows the absorption spectrum of Ag/PMMA nanocomposite thin films with 

the four concentration of Ag nanoparticles (3, 5, 7, and 9wt%) and also the absorption 

spectrum of pure PMMA thin films and Table 1 shows the thin films preparation 

conditions and its thickness, all prepped at the same gas flow rate 1 L/min. The 

absorption spectra of Ag/PMMA films shows the effect of Ag nanoparticles and the 

enhancement of SPR which is represented by the peaks around 400nm while pure PMMA 

films have peak at 294nm and transparent from 300 to 900nm. 

 

Absorption coefficient    
          Fig.4 shows the absorption coefficient of Ag/PMMA nanocomposite at the known 

four concentrations and pure PMMA calculated from the following equation [7]  

 

α=2.303 A/t                                                                                                                ...  (1)        

   

where A the absorbance and t the sample thickness we can see that it has the same 

behavior of absorption that the effect of SPR for silver NPs appear clearly.  

 

 

 



Eng. &Tech.Journal, Vol.32, Part (B), No.7, 2015 Aerosol assisted dielectric barrier discharge plasma    

                                                                            jet for Silver\ PMMA nanocomposite  

                                                                                thin films preparation 

                                    

  

1277 

 

 

 

Table )1(The experimental condition for the preparation of pure PMMA thin films 

and Ag/PMMA nanocomposite thin films. 

Sample Thickness (nm) 

Pure PMMA 275 

Ag 3wt% 330 

Ag 5wt% 228 

Ag 7wt% 311 

Ag 9wt% 323 

 

 

 

 

 

 

 

 

 

 

 

Figure (3( Absorption spectrum for pure PMMA. Ag/PMMA nanocomposite  

with 3,5,7, and 9wt% silver NPs. 

 

 
Figure (4) Absorption coefficient for pure PMMA, Ag/PMMA nanocomposite  

with 3,5,7and 9wt% silver NPs. 

 

 Optical energy band gap Eg 

            The optical energy band gap represented in Fig.5 it has been determined by 

plotting the variation of (    2
 versus    (eV) for direct energy gap transition. The 

increasing in silver NPs concentration lead to decrease of Eg from 2.715 eV for 3wt% Ag 

concentration to 2.36 eV for 9wt% Ag concentration while for pure PMMA film was 

4.0556 eV. The decreasing in Eg  is properly due to the modification of polymer structure 
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and also the addition of metal NPs to polymer matrix induces a structural ordering of the 

polymers and these changes are supporting by UV-Vis spectra, so the optical band gaps 

vary with silver concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

                                        (a)                                                                      (b)  

 

 

 

 

 

 

 

 

 

 

 

                                       (c)                                                             (d) 

 

 

 

 

 

 

 

 

 

 

 

 

(e) 

Figure (5) The Eg   for (a) pure PMMA film,(b) 3wt% silver concentration, 

(c) 5wt%, (d) 7wt% and (e) 9wt%.all at constant gas flow rate 1L/min. 
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Refractive index 

          Fig.6  shows the variation of refractive index calculated from the relation[8] 

 

    
  

      
   

  
 

  
     

      
                                                                                  .... (2) 

 

where  

R )the reflectance  and    the extinction coefficient) with wavelength for pure PMMA 

and Ag/PMMA nanocomposite thin  films at the four concentration of silver NPs, the 

increasing in silver NPs concentration lead to increase in refractive index.  

 

 
 

Figure (6(The variation of the refractive index (n) with wavelength for pure 

 PMMA Ag/PMMA nanocomposite with 3,5,7,9 wt% silver NPs. 

 

X-Ray Diffraction 

       Fig.7 shows the XRD pattern of the prepared PMMA thin film and Fig.8 for 

Ag/PMMA nanocomposite films at two silver NPs concentration 7 and 9 wt%, for pure 

PMMA the film has an amorphous structure. The XRD pattern of Ag nanoparticles in 

PMMA, all the refractions corresponded to the pure silver metal with cubic symmetry. 

The refractions presented by four main peaks at 2 = 38.160, 44.320, 64.440, 77.420 and 

81.540
◦
 which are assigned to the lattice planes (1 1 1), (2 0 0), (2 2 0), (3 1 1) and (2 2 2) 

this agree with [9, 10]. 
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Figure (7) XRD for pure PMMA thin film. 

 

 
(a) 

 

 
(b) 

Figure (8) XRD (a) for Ag/PMMA nanocomposite film at 7wt %  

(b) Ag/PMMA nanocomposite film at 9wt %. 

 

Surface morphology 

    The distribution and shape of Ag NPs were found by performing scanning electron 

microscopy. Fig.9 shows the SEM image of Ag/PMMA nanocomposite thin film at 9wt% 

silver NPs concentration and for 5wt% is shown in Fig.10. The SEM images indicate that 

Ag NPs disperse in the PMMA matrix with a relatively uniform distribution and formed 

mostly spherical NPs. The silver nanoparticles are homogeneously dispersed in the 

polymer matrix. 
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Figure (9) SEM image for Ag/PMMA nanocomposite thin film at 9wt%  

silver NPs concentration. 

 

 
Figure (10) SEM image for Ag/PMMA nanocomposite thin film at 5wt%  

silver NPs concentration. 

Conclusions  

         As is clear, the preparation of nanocomposite films by plasma polymerization made 

a new material with different chemical structure. The polymer polymerized by plasma 

different from conventional polymer that it has high cross linked, highly branched and 

high density and this effect on the linear refractive index. The silver particles are 

uniformly distributed in the PMMA matrix. Increasing the weight percentage of the silver  

in the nanocomposite thin films lead to decreases the optical energy bandgap, and 

modifies the polymer structure.  
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