
867 

 

PACS numbers: 78.67.Sc, 81.07.Pr, 82.35.Np, 87.19.xb, 87.55.N-, 87.64.M-, 87.85.Rs 

Preparation of New PMMA/PEG/Si3N4 Nanocomposites for 
Biological Applications 

Ghaith Ahmed and Ahmed Hashim 

College of Education for Pure Sciences,  
Department of Physics,  
University of Babylon,  
Hillah, Iraq 

The PMMA–PEG–Si3N4 nanocomposites’ films are fabricated by casting 
method with different ratios of Si3N4 nanoparticles (NPs) of 0, 1.6, 3.2, 
4.8 and 6.4 wt.% to use for antibacterial defence and -radiation shield-
ing. The PMMA–PEG–Si3N4 nanocomposites’ films are tested for antibac-
terial activity against Staphylococcus aureus and Escherichia coli. The 
results show that the PMMA–PEG–Si3N4 nanocomposites have high anti-
bacterial activity against Staphylococcus aureus and Escherichia coli. In 
addition, the PMMA–PEG–Si3N4 nanocomposites’ films are tested for -
radiation shielding. The results show that the PMMA–PEG–Si3N4 nano-
composites’ films have high linear attenuation coefficients for -rays. 

Плівки нанокомпозитів поліметилметакрилат–поліетиленгліколь–Si3N4 
(ПММА–ПЕГ–Si3N4) виготовляються методом лиття з різними співвід-
ношеннями наночастинок Si3N4 у 0, 1,6, 3,2, 4,8 і 6,4 мас.% для вико-
ристання для антибактеріяльного захисту та захисту від -
випромінення. Плівки нанокомпозитів ПММА–ПЕГ–Si3N4 перевірено 
на антибактеріяльну активність проти золотистого стафілокока та ки-
шкової палички. Результати показують, що нанокомпозити ПММА–
ПЕГ–Si3N4 мають високу антибактеріяльну активність проти золотисто-
го стафілокока та кишкової палички. Крім того, плівки нанокомпози-
тів ПММА–ПЕГ–Si3N4 проходять випробування на екранування -
випромінення. Одержані результати показують, що плівки нанокомпо-
зитів ПММА–ПЕГ–Si3N4 мають високі коефіцієнти лінійного згасання 
для -променів. 
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1. INTRODUCTION 

Nanocomposites are materials with at least one nanometer of di-
mension. It demonstrates high-level performance, and composite 
combinations have unusual properties and uniqueness in design pos-
sibilities. They are made up of two or more different composites 
with varying physical and chemical properties, and they usually 
have different phases separated by an interface [1]. 
 PMMA (polymethyl methacrylate) is a transparent, rigid thermo-
plastic polymer that is widely used as a shatterproof substitute for 
glass. Because of the numerous technical advantages, which it has 
over other transparent polymers, it is frequently used as a light-
weight or shatter-resistant alternative to glass in sheet form. Be-
cause of its moderate physical and mechanical properties, ease of 
processing, and low cost, PMMA is widely used. Non-modified 
PMMA is brittle, when subjected to a load, particularly an impact 
force, and is more prone to scratching than conventional inorganic 
glass, whereas, modified PMMA can achieve high scratch and influ-
ence resistance under certain conditions [2]. PMMA has been a pop-
ular choice for the preparation of polymer–inorganic composites, 
and it was chosen as a supporting matrix in this study because of 
its lightweight, smoothness, flexibility, environmental durability, 
high clarity, light transmission, milder processing conditions, and 
biocompatibility [3]. PMMA can withstand temperatures ranging 
from 70C to 100C. Furthermore, it has very good optical proper-
ties with a refractive index ranging between 1.3 and 1.7. PMMA is 
one of the best organic optical materials, and it is widely used as a 
substitute for inorganic glass due to its high impact strength, 
lightweight, and shatter resistance [4]. PMMA has numerous appli-
cations in manufacturing, and several technologies benefit from its 
unique combination of excellent optical properties with chemical 
inertness, good spectroscopic properties, thermal stability, electrical 
properties, and ease of forming and shaping [5]. 
 Because polyethylene glycol (PEG) has important properties such 
as excellent water solubility, good protein adsorption resistance, 
and low toxicity, it is used in a variety of applications, including as 
a coating material for biotechnical applications, the optical band 
gaps, refractive indices, and optical dielectric constant imaginary 
part [6]. PEG is a type of polymer that is highly biocompatible and 
is widely used in contamination-resistant surfaces, medicine, and 
antibacterial activities [7]. 
 Silicon nitride Si3N4 is a material with excellent mechanical and 
wear properties, as well as high thermal-shock resistance and ther-
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mal conductivity. Silicon nitride-based composites have the poten-
tial to be used as an advanced structural material due to their ex-
cellent property combinations, such as high mechanical strength 
and resistance to wear and corrosion, as well as high chemical and 
thermal stability at normal and elevated temperatures [8]. Si3N4 is 
used in a variety of applications, including passive and active de-
vices, as well as nonlinear optics. Broadband light sources from 
near-IR to mid-IR wavelengths have also been realized using silicon 
nitride [9]. Si3N4 chemical inertness also makes it useful as a shield-
ing layer for magnetic thin films in disk drives [10]. 
 There are numerous studies on the composites and nanocompo-
sites applications like optical, electronics and optoelectronics appli-
cations [11–31], piezoelectric and sensors [32–42]. This work aims 
to preparation of PMMA–PEG–Si3N4 nanocomposites films to use 
for antibacterial and gamma-radiation shielding. 

2. EXPERIMENTAL PART 

The nanocomposites of PMMA–PEG blend as matrix and silicon-
nitride (Si3N4) nanoparticles as additives were prepared by the cast-
ing method with concentration of polymer blend (PMMA 85%, and 
PEG 15%) were dissolved in 30 ml of chloroform and mixed with a 
magnetic stirrer. Different concentrations of silicon-nitride nano-
particles 0, 1.6, 3.2, 4.8 and 6.4 wt.% are added to the blend. The 
samples were examined by optical microscope. The antibacterial ac-
tivity of the PMMA–PEG/Si3N4 nanocomposites is measured using 
the disc diffusion method. Gram-positive (Staphylococcus aureus) 
and gram-negative (Escherichia coli) organisms were used to per-
form antibacterial activities. The diameters of the inhibition zones 
in all samples of PMMA–PEG–Si3N4 nanocomposites were measured. 
The gamma-ray shielding application was investigated. A gamma-
radiation source (Cs-137) was used, samples were placed at 3 cm in 
front of the radiation source, and attenuation factors were meas-
ured using a Geiger meter. 

3. RESULTS AND DISCUSSION 

The optical microscopic images of PMMA–PEG–Si3N4 nanocompo-
sites are shown in Fig. 1. At lower concentrations, the Si3N4 nano-
particles aggregate as clusters. When the concentrations of nano-
particles are increased, the nanoparticles form a network of paths 
inside the polymer matrix [43–46]. 
 Figure 2 depicts the antibacterial properties of the PMMA–PEG–
Si3N4 nanocomposites against gram-positive bacteria (Staphylococ-
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cus aureus). Figure 3 depicts the antibacterial properties of the 
PMMA–PEG–Si3N4 nanocomposites against gram-negative bacteria 
(Escherichia coli). As shown in these figures, the diameter of the 
inhibition zone increases as the concentration of Si3N4 nanoparticles 
increases. 
 The presence of reactive oxygen species (ROS) generated by vari-
ous nanoparticles may be the cause of nanocomposites’ antibacterial 
activity. The chemical interaction between hydrogen peroxide and 
membrane proteins, or the chemicals produced in the presence of 
nanocomposites, and the outer bilayer of bacteria, could be the 
cause of nanocomposites’ antibacterial activity. 
 The hydrogen peroxide produced enters bacterial cell membranes 
and kills them. Once the hydrogen peroxide is produced, the nano-
composites continue to interact with dead bacteria, preventing fur-
ther bacterial action and continuing to produce and release hydro-
gen peroxide into the medium. The nanoparticles in nanocomposites 

 

Fig. 1. Microscopic images of PMMA–PEG/Si3N4 nanocomposites: (a) for 
pure PMMA–PEG, (b) 1.6 wt.% Si3N4 NPs, (c) 3.2 wt.% Si3N4 NPs, (d) 4.8 
wt.% Si3N4 NPs, (e) 6.4 wt.% Si3N4 NPs. 
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may be negatively charged, creating an electromagnetic attraction 
between the nanoparticles and the microbes. When the attraction is 
formed, the microbes oxidize and die. The main mechanism causing 
the antibacterial properties of nanocomposites caused by nanoparti-
cles could be oxidative stress caused by ROS. ROS includes radicals 
such as superoxide radicals (O2), hydroxyl radicals (–OH), and hy-
drogen peroxide (H2O2); and singlet oxygen (1O2) may be the cause 
of protein and DNA damage in bacteria. The current metal oxide 
could have produced ROS, resulting in the inhibition of most path-
ogenic bacteria [47–51]. 
 Figure 4 shows the N/N0 variation with Si3N4 nanoparticles in 

 

Fig. 2. Antibacterial properties of the PMMA–PEG/Si3N4 nanocomposites 
against gram-positive Staphylococcus aureus. 

 

Fig. 3. Antibacterial properties of the PMMA–PEG/Si3N4 nanocomposites 
against gram-negative Escherichia coli. 
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various concentrations. The transmission radiation decreases as the 
attenuation of radioactive radiation increases as the Si3N4 nanopar-
ticles increase. 
 Figure 5 depicts the gamma-radiation attenuation coefficients for 
the PMMA–PEG–Si3N4 nanocomposites. As the number of nanopar-
ticles increases, the attenuation coefficient increases. This behav-
iour is because the gamma-radiation is absorbed or reflected by the 
nanocomposite shielding material [52–57]. 

 

Fig. 4. N/N0 variation for the PMMA–PEG–Si3N4 nanocomposites with 
different concentrations of Si3N4 nanoparticles. 

 

Fig. 5. Variation of gamma attenuation coefficient of PMMA–PEG–Si3N4 
nanocomposites with concentration of Si3N4 nanoparticles. 
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4. CONCLUSIONS 

In this study, the PMMA–PEG–Si3N4 nanocomposites’ films were fab-
ricated to employ for antibacterial defence and gamma-radiation 
shielding. The PMMA–PEG–Si3N4 nanocomposites’ films were tested 
for antibacterial activity against Staphylococcus aureus and Escherich-
ia coli. The results showed that the PMMA–PEG–Si3N4 nanocompo-
sites have high antibacterial activity against Staphylococcus aureus 
and Escherichia coli. In addition, the PMMA–PEG–Si3N4 nanocompo-
sites’ films were tested for gamma-radiation shielding. The results 
showed that the PMMA–PEG–Si3N4 nanocomposites’ films have high 
linear attenuation coefficients for gamma-ray. 
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