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ABSTRACT 

Poly-methylmethacrylate (PMMA)was widely accepted 
material in dental and medical fieldsbecause of the 
excellent biocompatibility and easy fabrication. In current 
paper, study the geometrical parameters, electronic and 
optical properties of the (PMMA-ZrO2-Ag)nanostructures. 
The electronic properties include electrochemical hardness 
and electronic softness while the optical properties include 
absorbance, transmittance, absorption coefficient, 
extinction coefficient, refractive index, real and imaginary 
parts of dielectric constants and optical conductivity. The 
properties calculated by using Gaussian 0.9 program with 
Gaussian View 0.5 using density function theory (DFT) 
with local spin density approximation B3LYP level, 6-31G 
and STO-3D basis sets. The results showed that the 
addition of Ag nanoparticles lead to decrease the chemical 
hardness and increase in the softness. The optical 
properties for (PMMA-ZrO2-Ag) nanocomposites showed 
that the absorbance, absorption coefficient, extinction 
coefficient, refractive index, real and imaginary parts of 
dielectric constants and optical conductivity of (PMMA-
Al2O3) nanocomposites increase while the transmittance 
and energy band gap decrease with increase in Ag 
nanoparticles concentrations. The antibacterial results 
showed that the (PMMA-ZrO2-Ag) nanocomposites have 
good antibacterial for positive and negative gram 
organisms.  

Key words: PMMA, ZrO2, silver, antibacterial,optical 
properties, nanocomposites. 

 

1. INTRODUCTION 
 
Polymers composites have an important role in dental field 
because their distinctive features allow a wide range of 
clinical implementations, which are impossible with the 
use of other types of materials. One of the commonly used 
polymers in dental filed is polymethylmethacrylate 
(PMMA), which uses either heat polymerized or self-
polymerized acrylic resin. The popularity of acrylic resin 
is related mainly to its ease in manipulation, ease in 
finishing and polishing, as well as it needs inexpensive 
equipment [1,2]. Additionally, the acrylic resin (PMMA) 
has a good biocompatibility, reliability, dimensional 

stability, absence of taste, odor, tissue irritation and 
toxicity, teeth adhesion, insolubility in body fluids, relative 
ease of manipulation, good aesthetic appearance, and color 
stability [3-6],stability in the oral conditions and has high 
aesthetic quality. Unfortunately, until now the acrylic resin 
denture base material does not fulfill all the requirements 
of acceptable mechanical properties. Though, low 
mechanical properties against impact, bending, and fatigue 
are important issues to be addressed in order to improve 
acrylic polymers properties for removable orthodontic 
appliances and dentures. Many techniques have been used 
for improving mechanical properties such as chemical 
correction of polymeric structure by additives like 
polyethylene glycol dimethacrylate. The other useful 
method is to reinforce acrylic base composite by materials 
like fibers and particles[7-11].Because of an increasing 
interest in esthetics and concerns about toxic and allergic 
reactions to certain alloys, patients and dentists have been 
looking for metal-free tooth-colored restorations. 
Therefore, the development of new high strength dental 
ceramics, which appear to be less brittle, less limited in 
their tensile strength, and less subject to time dependent 
stress failure, has dominated in the later part of 20th 
century. These capabilities are highly attractive in 
prosthetic dentistry, where strength and esthetics are 
paramount. Zirconium oxide ZrO2 has become a popular 
alternative to alumina as biomaterial and is used in dental 
applications for fabricating endodontic posts, crown and 
bridge restorations and implant abutments. It has also been 
applied for the fabrication of esthetic orthodontic brackets. 
Zirconium is the new and valuable material in the world of 
dentistry, which has been able to control the wonderful 
world of modern dentistry. This article has several 
characteristics distinguish them from the previous 
materials used in the manufacture of teeth such as 
transparency transparent zircon metal, which gives a great 
aesthetic dimension to the teeth, the complete neutrality 
for the mouth and gums, but more than that is active 
integration with the gums surrounding the dressing or 
crowns and thus conceal the problems that people suffer 
from inflammation of the gums and bad breath of the 
mouth, as well as zirconium has high resistance to 
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breakage and does not cause discoloration of the gums[12-
14]. Polymers have been used as insulators in early works 
because of their dielectric properties and high resistivity. 
Polymer-based insulators are used in electrical devices to 
separate conductors without passing current through 
themselves. The insulator applications of polymers include 
corrosion protective electronic devices, printed circuit 
boards and cable sheathing materials. Polymers have 
several advantages, such as low cost, easy processing, 
flexibility, good mechanical properties and high strength. 
In the microelectronic fabrication industry, it are used in 
the photolithography process. Polymeric nanocomposites 
consisting of inorganic nanoparticles and organic polymers 
represent a class of materials that have motivated 
considerable interest in recent years. The nanocomposites 
applications are quite promising in the fields of 
microelectronic packaging, medicine, injection molded 
products,  sensors, membranes, aerospace, packaging 
materials, coatings, fire-retardants, adhesives, consumer 
goods, automobiles, optical integrated circuits, drug 
delivery [15-22].The aims of current study, the effect of 
additionzirconium oxide and silvernanoparticles on some 
electronic, optical properties and application antibacterial. 

2. THEORETICAL PART 

Density functional theory (DFT) is a quantum mechanical 
method used in physics and chemistry to investigate the 
electronic structure of many-electron systems, in particular 
molecules based up on a strategy of modeling electron 
correlation via general functional of the electron density.  
DFT is the most popular and useful methods available in 
computational physics and chemistry. DFT is today one of 
the most important tools for calculating the ground state 
properties of metals, semiconductors, and insulators[23]. 

The main concept of  DFT depends on the ground state 
energy and all other ground state electronic properties are 
uniquely determined by the electron density. Also, the 
exact ground state of the system corresponds to the 
electronic density for minimal total energy. 

Within the outline of the DFT, one of the global quantities 
is chemical hardness (H) it is a measurement of molecule 
resistance to the change or deformation and defined as the 
form [24]:  
H=1

2
∂μ
∂N V(r⃗)

…………(1) 

In terms of  IE and EA , the hardness is half of the energy 
gap between two frontier orbitals as in the 
following[24,25]:  

H=	 IE	-EA
2

………….(2) 
The soft molecule has a small energy gap and this means 
small excitation energies to the manifold of excited states, 
the electron density of soft molecule changes more easily 
than a hard molecule, and due to that, soft molecules will 
be more reactive than hard molecules. The global chemical 
softness S is a property of molecules that measures the 
extent of chemical reactivity. It is the inverse with 
hardness as below equation[24,26]: 

S= 1
2H

=  ∂2N
∂E2 V(r)

= ∂N
∂μ V(r)

…………(3) 

 
3. RESULT AND DISCUSSION 
Figure 1 shows the optimize structures of pure 
polymethylmethacrylate (PMMA) and (PMMA-ZrO2-Ag) 
studied in this research relax by employing the DFT with 
the B3LYP/6-31G and STO-3D level. 

Table (1) shows the results of chemical hardness and 
chemical softness of the studied molecules. One can see, 
the hardness decreases and softness increases with 
increasing the nanoparticles addition of the pure 
polymethylmethacrylate PMMA.Figures 4 and 5 show the 
electrochemical hardness H and the electronic softness S 
of PMMA and (PMMA-ZrO2-Ag) nanocomposites, 
respectively. These consequences are designate that, the 
band gaps in these structures anew more soft spatially the 
(PMMA-ZrO2) has Eg equals to 2.3317eV. Now, 
comparing with the structures of PMMA, (PMMA-ZrO2) 
and (PMMA-ZrO2-Ag) have smaller values of H and 
greater values of S than the pure PMMA. 

Figures (6-8)show the variation of absorbance for 
(PMMA-ZrO2-Ag) nanocomposites with wavelength of 
the incident light. From the figures observed increase of 
the absorption for all nanocomposites after addition nano 
particles, this is due to theexcitations of HOMO level to 
the LUMO level[27].Figures(9-11) represents the 
absorption coefficient for (PMMA-ZrO2-Ag)nano 
composites as a function of photon energy of the incident 
light. Advantage property of absorptioncoefficient succors 
to know the nature of electron transition. When the values 
of theabsorption coefficient (α <104) cm-1 of (PMMA-
ZrO2-Ag) nanocomposites are high, it is direct transition 
of electron. While, indirect transition of electron when the 
values of the absorption coefficient of nanocomposites(α > 
104) cm-1). The absorption coefficient of (PMMA-ZrO2-
Ag) nanocomposites is increased with the increase of the 
adding of Ag nanoparticle, this is property to the increase 
of number of charge carriers, hence,increase the 
absorbance of (PMMA-ZrO2-Ag) and absorption 
coefficient[28-33].  
 
Figures(12-14)indicate the energy gap for allowed indirect 
transition of nanocomposites. From the figures observed 
the energy gap of (PMMA-ZrO2-Ag) nanocomposites is 
decreased with the increase of the addingAg nanoparticle, 
due tothe creation sub levels between valance and 
conduction bands; as a result of addition of the Ag 
nanoparticle[34-39]. 
Figures  (15-17)showthe variation of  real dielectric 
constant (ε1) as a function of wavelength for (PMMA-
ZrO2-Ag) nanocomposites. Figures(18-20) show the effect 
of Ag nanoparticles on the imaginary part of dielectric 
constant (ε2) for (PMMA-ZrO2-Ag) nanocomposite.It is 
observed that their values increase with increasing of 
wavelength and real dielectric constant behave like 
refractive index.because the effect of extinction coefficient 
is very small increases in the high energies near the energy 
gap and the imaginary part of dielectric constant (ε1)  
depends on extinction coefficient where the refractive 
index is approximately constantbehave like the extinction 
coefficient especially in the visible and near infrared 
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regions of wavelength while extinction coefficient 
increases with the increase of the wavelength[40-44]. 

Figures (21-23) show the variation of optical conductivity 
with the wavelength for (PMMA-ZrO2-Ag) 
nanocomposites., ascribed cause decreasedof the optical 
conductivity  of all nanocomposites with increasing of the 
wavelengthto toughly on the wavelength of the radiation 
incident; the increase of optical conductivity at low  
wavelength of photon is owing to high absorbance of 
nanocomposites in this region, therefore, increase of the 
charge transfer excitations. The optical conductivity 
spectra represented to transmittance within the visible and 
near infrared regions. Also, the optical conductivity of 
nanocomposite is increased with the increase in the Ag 
nanoparticles , this attributed to the creation of new levels 
in the energy gap; the addition of Ag nanoparticles 
increase the density of localized stages in the band 
structure increase, therefore, the optical conductivity 
increases[45-50]. 

Figure 24shows the antibacterial activity of (PMMA-ZrO2-
Ag) nanocomposites against gram-negative (Escherichia 
coli) and gram positive (Staphylococcus aureus).The main 
mechanism that caused the antibacterial activity of 
(PMMA-ZrO2-Ag) nanocomposites by the Ag 
nanoparticles might be through oxidative stress caused by 
ROS.it includes radicals like super oxide radicals (O−2) 
hydroxyl radicals (–OH) and hydrogen peroxide (H2O2); 
and singlet oxygen (1O2)could be the reason damaging the 
proteinsand DNA in the bacteria. ROS could have been 
produced by the present (PMMA-ZrO2-Ag) 
nanocomposites lead to the inhibition of most pathogenic 
bacteria like S. aureus, and E. coli.[51-56]. The inhibition 
zone increases with increase the concentrations of Ag 
nanoparticles, as shown in figure 30. 
 
4. CONCLUTION 
The samples of novel (PMMA-ZrO2-Ag) 
nanocompositeswere fabricated for dental industries 
applications. The electronic and optical properties have 
been studied. The results showed that the chemical 
hardness decreases and the softness increases with 
increase in Ag nanoparticles concentrations. The optical 
properties for (PMMA-ZrO2-Ag) nanocomposites showed 
that the absorbance, absorption coefficient, extinction 
coefficient, refractive index, real and imaginary parts of 
dielectric constants and optical conductivity of (PMMA-
ZrO2) nanocomposites increase while the transmittance 
and energy band gap decrease with increase in Ag 
nanoparticles concentrations. The results of antibacterial 
properties showed that the (PMMA-ZrO2-Ag) 
nanocomposites have good antibacterial activity for 
positive and negative gram organisms bacteria.  
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Figure 1: The optimization structures of the pure polymethlmethacrylate (PMMA). 

 

Figure 2: The optimization structures for (PMMA-ZrO2) nanocomposites. 
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Figure 3: The optimization structures for (PMMA-ZrO2-Ag) nanocomposites. 

 
 

 
 

Figure 4: The electrochemical hardness for pure (PMMA) and nanocomposites. 
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Figure 5: The electronic softnessfor pure (PMMA) and nanocomposites. 
 

 
Figure 6: The absorbance as a function of wavelength for pure polymethylmethacrylate. 
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Figure 7: The absorbance as a function of wavelength for (PMMA-ZrO2) nanocomposites. 

 
 

 
Figure 8:  The absorbance as a function of wavelength for (PMMA-ZrO2-Ag) nanocomposites 
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Figure 9: Variation of  absorption coefficient (α) for polymethylmethacrylatewith photon energy. 
 
 

 
 

Figure 10: Variation of  absorption coefficient (α) for (PMMA-ZrO2)nanocomposites with photon energy. 
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Figure 11: Variation of  absorption coefficient (α) for (PMMA-ZrO2-Ag) nanocomposites with photon energy. 

 
 

 
 

Figure 12:  Variation of  (αhυ)1/2  for polymethylmethacrylate with photon energy. 
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Figure 13: Variation of  (αhυ)1/2  for (PMMA-ZrO2)nanocomposites with photon energy. 

 

 

Figure 14: Variation of  (αhυ)1/2  for (PMMA- ZrO2–Ag)nanocomposites with photon energy. 
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Figure 15: Real part of dielectric constant as a function of wavelength for pure PMMA. 

 

 
 

Figure 16: Real part of dielectric constant as a function of wavelength for (PMMA-ZrO2) nanocomposites. 
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Figure 17: Real part of dielectric constant as a function of wavelength for (PMMA–ZrO2-Ag) nanocomposites. 

 
 

 
 

Figure 18: Imaginary part of dielectric constant as a function of wavelength for pure PMMA. 
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Figure 19: Imaginary part of dielectric constant as a function of wavelength for (PMMA-ZrO2) nanocomposites. 

 

 
Figure 20: Imaginary part of dielectric constant as a function of wavelength for (PMMA-ZrO2-Ag ) nanocomposites. 
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Figure 21: Variation of optical conductivity for pure (PMMA) with wavelength. 

 
 

 
 

Figure 22: Variation of optical conductivity for (PMMA-ZrO2) nanocomposites with wavelength. 
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Figure 23: Variation of optical conductivity for (PMMA-ZrO2-Ag ) nanocomposites with wavelength. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 24:Antibacterial application of (PMMA-ZrO2-Ag) as a function of Ag nanoparticles concentrations against E. coli and 
S. aureus. 

Table 1: Shows some electronic variables of the pure PMMA and nanocomposites. 

Materials H (eV ) S (eV)-1 

PMMA 3.5049 0.1426 
PMMA-ZrO2 1.1658 0.4288 

PMMA- ZrO2-Ag 1.3555 0.3688 
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