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Summary

Graphene-polymer nanocomposites significantly impact dental filler
properties and antibacterial activity. Synthesis of graphene oxide (GO) and
poly methyl methacrylate (PMMA) were used to reinforce two types of
commercial hybrid/nano-dental fillings properties and their antibacterial

activity.

The thesis is divided into four chapters; chapter one introduces the
introduction, literature reviews and aims of the study, chapter two presents
a brief introduction about the dental filler composites, physical concepts
and calculations, chapter three reveals the experimental section and
characterisations, and chapter four exhibited the results, discussions, and

applications and presented the conclusions and future works.

Developed acoustic-solution-sonication-casting methods were applied to
fabricate the new graphene-polymer-dental filler nanocomposites. The
structure, morphology, rheological and mechanical properties, and
antibacterial of the new fabricated filling-PMMA/ GO nanocomposites
were investigated. Fourier transform infrared (FTIR) showed significant
interaction between the filling and the additional materials. The X-ray
diffraction (XRD) analysis revealed a considerable change in crystalline
behaviour. Optical microscope (OM) with field emission scanning electron
microscopy (FESEM) pictures demonstrated a considerable change in the
morphology of the samples with a homogeneous and fine dispersion of the
nanomaterials in the filler matrix.

Ultrasound mechanical properties measured the ultrasonic velocity,
absorption coefficient, compressibility, bulk modulus, and other

mechanical properties that notably enhanced after the contribution of GO



up to 325% of ultrasonic absorption coefficient in comparison with
hybrid/nano-fillers. The inhibition zone improved in moth bacteria like
Enterococcus faecalis and E. staph bacteria after the contribution of PMMA
and GO nanosheets up to 46%.

Generally, nanofillers-PMMA/GO dental filler nanocomposites improved
the inhabitance zone diameter of antibacterial that live in moth or tissue

more than micro-hybrid-fillers-PMMA/GO dental filler nanocomposites.
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Chapter one Introduction and Literature Survey

1.1 General Introduction

Composite dental fillings have gone through many stages since their
invention to the present day, punctuated by qualitative and revolutionary
leaps in terms of materials. These materials included composition and the
properties that must be possessed because it is a very complex compound
[1]. The dental fillings' mechanical, thermal, biological, and other essential
properties must be a specific requirement. For example, it must contain a
high resistance to corrosion that resists acids and enzymes secreted inside
the human mouth [2]. Meanwhile, it must withstand the large chewing
force to grind and break food without disintegrating [3]. Additionally, it
must resist the different temperatures of food and drinks entering the mouth
and not be affected by temperature changes. Moreover, it must be
biocompatible with body tissues, not decompose, not toxic substances
inside the human mouth, and antibacterial, which must be a not safe

environment for growing harmful bacteria [4].

This filling must possess many mechanical specifications to face several

absolute complex requirements and problems [5].

Despite the tremendous technological development and the discovery of
new materials with prestigious specifications so far, specialists in this field
have not reached an ideal filling, which has a long life, cohesion strength
and gets the average human lifespan of about 60 or 70 years [6].
Researchers and specialists in dental materials have faced many challenges
in developing permanent dental fillings and overcoming all the difficulties

to reach better dental fillings with ideal characteristics.

Polymers have been introduced as one of the essential parts to reduce these
problems in the manufacture of dental fillings because of their properties

such as mechanical properties and simple economic cost [7]. Among these

|
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polymers, polymethyl methacrylate (PMMA) entered the science of dental
materials and has proven its success over the past 70 years. PMMA has
been used to manufacture resin for dentures, term fix materials, and cement
for bones. These are pros for the face and other applications, in addition to
its good mechanical-biological qualities, manufacturing simplicity, and low
cost [8].

In order to address polymer problems, nanomaterials were incorporated
into the components of the dental filling recently to overcome several
issues. Many researchers have been headed in this direction and found a
specific property produced by nanotechnology [9], as this technology
produced new materials with nanoscale dimensions and excellent
properties [10]. Among these nanomaterials, one of the most exciting
materials that have been used recently in dentistry is graphene oxide
nanosheets [10]. Graphene attracted tremendous scientific attention when
Novoselov et al. made the initial discovery in 2004 [11]. Graphene has
unique characteristics and a wide variety of potential uses. It is a single
sheet of carbon hexagonal network of carbon atoms with only two
dimensions and unusual properties such as the mechanical characteristics
with a muscular tensile strength of 130 GPa and a high Young's modulus of
1 Tp. It is the most vital substance discovered to date, with a flexible
membrane and the ability to change the carbon backbone, including the

functionalization of Graphene [12].

In the dentistry area, graphene and graphene-derivatives nanomaterials are
gaining popularity. Evaluating these materials as part of their continuous
usage in dentistry is critical to ensure they generate excellent
biocompatibility [13]. One advantage of graphene-based materials is re-
engineered ability for specific physical and chemical characteristics. The
large functional groups, mechanical and optical, nano-size sheets and



Chapter one Introduction and Literature Survey

conductivity, and other unique features of graphene make it possible to
either decrease or improve the material's properties, promising for several

applications. GO was reported to exhibit a robust antibacterial activity [23].

The PMMA and GO are nominated as essential nanosheet additives for
dental filling applications based on the above. The study aims to involve
the PMMA to modify the structure of the filler. In contrast, GO nanosheets
modify and reinforce the materials' structure to prepare new dental fillers.
Furthermore, it enhances their properties in addition to investigating their
effect on the rheological and mechanical properties of two commercial
dental fillings, which contain materials with nanoscale dimensions and
micro and macro dimensions (hybrid). Fourier transform infrared (FTIR)
spectroscopy, X-ray diffraction (XRD) spectroscopy, optical microscopy
(OM) pictures, and field emission scanning electron microscopy (FESEM)
images were applied to characterize the structure of the new fabricated
nano/hybrid dental filler-PMMA/ nanographene dental nanocomposites. In
addition to rheological viscometer and ultrasound, mechanical and

antibacterial activities were characterized.

1.2 Literature Survey

Olteanu et, al. in (2015) [15], studied brings essential knowledge about the
interaction of human dental follicle stem cells with graphene-based
nanomaterials. The researchers showed that a high concentration (40 g/mL)
of N-doped Graphene reduces the cell viability and alters the mitochondria
membrane potential and cytoskeleton actin filaments by mechanical effects.
At low concentrations (4 g/mL), it exhibited a good safety profile and a
high antioxidant. The good results of graphene oxide exhibited in terms of

low levels of cytotoxicity and mitochondria-induced damage in human
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dental follicle stem cells. In contrast with these two materials, the thermally
reduced graphene oxide showed increased cytotoxicity.

Elashnikov et al. in (2016) [16] prepared polymethyl methacrylate
(PMMA) nanofibers doped with silver nanoparticles (AgNPs) and meso
tetraphenylporphyrin (TPP) by electrospinning under prolonged light
irradiation, the AgNPs/TPP/PMMA nanofibers, displayed enhanced
longevity and photothermal stability they performed antibacterial tests on
E. faecalis and S. epidermidis and showed that the AgNPs/TPP/PMMA
nanofibers exhibited significantly greater antibacterial activity then
AgNPs/TPP/PMMA continuous thin films. Also, the team noted the effect
of light-induced AgNPs release and the increased TPP stability, opening
the way for designing a new generation of antibacterial materials with
combined antibacterial activity.

Wen et al. in (2016) [17] studied graphene-based nanomaterials with the
behaviour of human dental follicle stem cells (DFSCs). DFSCs are isolated
from healthy removed teeth and seeded onto GO substrates before being
examined for cytotoxicity, changes in the cellular and mitochondrial
membranes, and induction of oxidative stress for each produced substrate.

GO is considered to be an excellent filler for dental nanocomposites.

Srivastava et al. in (2017) [18] added fluorine to the compound resin
(BisGMA) and produced a compound called a fluorine-containing bis
GMA analogue (per FB-bis GMA). Where they wanted to reduce the
shrinkage of the polymerization of the dental filling and increase its hatred
of water, They studied the Rheological properties, polymerization
shrinkage, hydrophobicity, and mechanical properties. The FTIR assays
showed that a chemical reaction occurred between fluorine and bis GMA
and that adding fluorine reduced polymerization shrinkage and increased
hydrophobicity without affecting the mechanical properties of bis GMA.

4
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Han Xie et al. in (2017) [19] studied Graphene and its derivatives are
versatile materials that present unique characteristics such as large surface
area and high mechanical properties. They could be transferred or
deposited onto different substrates. As they discussed, functionalized and
combined with several biomolecules and biomaterials, these carbonaceous
materials hold great potential to design bio-composites with fine-tuned
physicochemical and mechanical properties and to confer to existing
biomaterials enhanced bioactivity and new capabilities.

Alhareb et al. in (2017) [20] added nitrile rubber/ceramic fillers to the
PMMA denture base to improve the following properties: Impact strength,
fracture toughness and hardness. Where nitrile butadiene rubber (NBR)
with two ceramic fillers (Al,Os; and YSZ, respectively) have been studied,
the mechanical properties of denture base are investigated. The
examination was performed by Field Emission Scanning Electron
Microscopy (FESEM) to determine the morphology of the fracture surface
of specimens.

The results of the statistical analysis of 180 models divided into six groups
for this study showed a significant improvement in impact strength (I1S) and

fractured toughness (KIC).

Malik et al. (2018) [21] described a new, simple, and cheap method to
make large quantities of few layer Graphene (FLG), starting with
commercially available multi-layer graphene (MLG) and also incorporating
this Graphene into dental polymer composites. They demonstrated that the
fabricated graphene-dental polymer composites have significantly
enhanced mechanical properties compared to the plain dental-polymer
material (control group). The mean compressive strength of the graphene-
dental polymer showed a 27% increase, and the mean compressive
modulus showed a 22% increase compared with the control group.

5
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Tahriri et al. (2019) [22] studied Graphene, and its derivatives can be
functionalized with several bioactive molecules, allowing them to be
incorporated into and improve different scaffolds used in regenerative
dentistry. In this study, they focused on the control of stem cells of dental

origin.

The interactions between graphene-based nanomaterials and cells of the
immune system, along with the antibacterial activity of graphene
nanomaterials, are discussed. The researchers also showed that using
Graphene with living tissues faces several challenges; the two main
challenges in applying Graphene and its derivatives are the production

parameters and in vivo toxicity, which needs to be evaluated precisely.

Bacali et al. in (2019) [23], a study evaluated the effect of adding
graphene-Ag nanoparticles (G-AgNp) to a PMMA auto-polymerizing resin,
with a focus on antibacterial activity, cytotoxicity, monomer release, and
mechanical properties. They added different concentrations of graphene-Ag
nanoparticles. The sample with 1wt% G-AgNp exhibited a good safety
profile and antibacterial activity on all the tested strains. At the same time,
the material with 2wt% G-AgNp showed a higher capacity to activate the
mechanisms of antioxidant defence. Flexural strength was improved for
both reinforced samples; they proved that PMMA resin with G-AgNp
presents promising antibacterial activity associated with minimal toxicity to
human cells in vitro and improved flexural properties, and they checked
whether the PMMA loaded with graphene-silver nanoparticles constituted

an improvement over current denture materials.

loannidis et al. in (2019) [24] investigated the antimicrobial efficacy of
silver nanoparticles (AgNPs) synthesized on aqueous graphene oxide (GO)

matrix (Ag-GO) with various irrigates and in vivo infected tooth modes.

6
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Nutrient-stressed, multi-species biofilms were grown in the prepared root
canals of single-rooted teeth. The dentine tubule surfaces were analyzed
with confocal laser scanning microscopy (CLSM). They concluded that,
within the limitations of this study, the microbial killing and biofilm
disruption capacity of Ag-GO was successfully achieved using a novel ex
vivo infected tooth model. Ultrasonic activation selectively enhanced the

microbial killing and biofilm disruption of Ag-GO in lateral canals.

Aunkor et al. in (2020) [25] demonstrated that graphene oxide has
antibacterial activity and good biocompatibility as they tested GO with
different types of bacteria (Gram-positive and Gram-negative) and used a
multidrug drug-resistant (MDR) hospital superbugs grown in solid agar-
based nutrient plates with and without human serum through the utilization
of agar healthy diffusion method, live/dead fluorescent staining and

genotoxicity analysis.

Dhulfigar et al. in (2020) [26] added nanographene and nano-silica to
composite resin in precise weight ratios in dental fillers and investigated
the relationship between topography and mechanical properties. They
added the filler by LED curing for three periods (20-25-30). The mildew
finished in magnitudes of 6x3mm. The researchers established that
increased curing time is critical for optimizing the polymerization process;
also, mechanical characteristics analysis revealed that nano silica has a
lower compressive resistance than nano graphene. AFM measurements

show that nanographene's surface is rougher than nano-silica.

Bacali et al. (2021) [27], using the Association of Graphene Silver
Polymethyl Methacrylate (PMMA) with Photodynamic Therapy for
Inactivation of Halitosis Responsible Bacteria in Denture Wearers. This

study aimed to evaluate the possibility of inactivating bacteria associated
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with halitosis in acrylic dentures. Graphene silver nanoparticles in 1 and
2wt% were added to a commercial acrylic resin powder. The addition of
graphene silver nanoparticles to PMMA acrylic resins showed
antimicrobial effects on halitosis-responsible bacteria. Extra-oral activation
of a photosensitizing agent placed on denture base materials enhanced with
graphene silver nanoparticles (1wt% and 2wt%) proved to increase the
inhibition of bacteria associated with halitosis in acrylic denture wearers,
especially when using laser light and higher nanoparticle concentrations (2
wt. %).
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1-3 Aims of the Work
This study aims to investigate the following issue:
1- Impact of PMMA polymer and GO nanosheets on the two different
commercial dental fillers.
2- Investigate the structure change of the two dental fillers after
reinforcing with PMMA and GO nanosheets.
3- Investigate the two dental fillers' rheological and mechanical after
reinforcing with PMMA and GO nanosheets.
4- The effectiveness of fabricated nano/hybrid dental filler-PMMA/
nanographene dental nanocomposites against the mouth and other

antibacterial activity.
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Theoretical Part Chapter Two

2.1 Introduction

This chapter describes a general explanation of the theoretical parts of this
study, such as physical concepts, optical and mechanical properties
equations, mechanisms to kill bacteria, and scientific clarifications used to

interpret the results.
2.2 Composite material phases

A compound is defined as a substance that arises from the union of two or
more substances, each with different properties from the other, that
combine to form a new meaning that differs from the properties of each of
the common substances in its composition, with a cohesive structure
resulting from the homogeneity of two different implications in terms of
design. Resin by reducing particle size and improving the adhesion
between the filler and the primer. The compound used in dental treatment is
a complex material consisting of three primary phases: the organic phase
(the base), the inorganic phase (the fillings), and the bonding substance
[28].

2.2.1 Organic phase

The resin is the active component in the compound, as it is initially in the
form of a liquid monomer, but it becomes a solid monomer by the reactions
of the addition of roots, and this ability to transform from a paste to a solid

is what made it use a filling material in dentistry.

The visceral compound materials at the beginning of their manufacture
were based on methyl methacrylate, but in the mid-1960 it became based
on an Aromatic Dimethacrylate System such as (Bis-GMA) monomer,
which is one of the most common types of monomers produced from the
reaction of (Bisphenol - A and Glycidyl Methacrylate). It is called as It has

11
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a wide range of Bown’s monomer relative to its discoverer, as it has a
higher molecular weight than methyl methacrylate, which helps reduce the
polymerization contraction, as it has a polymerization shrinkage value (7.5
vol%) compared to methyl methacrylate, which has a polymerization
contraction (22 vol%), as well as the ability to cause bonding High cross-
linked [29], there is another monomer used in some types of dental
composites called Urethane Dimethacrylate region and symbolized by
UDMA. It is characterized by high viscosity, high tensile strength, and
chromatic stability. In a few products, (Bis-GMA) and (UDMA) are mixed
[30]. Another uncommonly used monomer (Decanediol methacrylate) is
cronym (D3MA).

Both Bis-GMA and UDMA are high viscosity liquids due to their high
molecular weight. To solve this problem, monomers with low molecular
weights are added during the manufacturing process to reduce and control
viscosity, called Viscosity-Controllers (Bis-DMA, EGDMA, TEGDMA,
MMA) [31]. To ensure longer life of the compound before use, i.e. to
prevent the self-hardening process, polymerization inhibitors (Inhibitor)

such as Hydroquinone at 0.1% or less are added.

12
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Figure (2-1). Chemical composition of the primer used, dilute

monomers, and polymerization inhibitors in dental composites [32].

2.2.2 Inorganic phase

The inorganic phase in the composite is based on different inorganic fillers

materials. The reason for

using different types of fillers is to obtain

chemical and physical properties. The main objective of integrating a

percentage of the filler particles with the resin matrix is to improve these

properties, and these improvements started in 1950 when Quartz infills

were produced and used with (MMA) to achieve several benefits [31][33]:

1-

compressive strength.

Using fillers improves mechanical properties such as hardness and

13
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2- One of the characteristics of methyl methacrylate polymerization is that
it produces a significant amount of polymerization shrinkage; however,
the incorporation of filler particles into the polymerization process
reduces this percentage significantly because a lower rate of resin is
used, and the filler particles do not participate in the polymerization
process.

3- Because the coefficient of thermal expansion of methacrylate monomer
is high (80 ppm/C-), using filler particles such as ceramic materials can
significantly reduce the coefficient of thermal expansion. This is
because ceramic materials' thermal expansion coefficient is similar (10
ppm/Ce) to the coefficient of thermal expansion of the tooth expansion.

4- The aesthetic features of the filling can be controlled by the fillers, such
as maintaining the degree of opacity and transparency. The leading
fillers used quartz, boron silicate, lithium-aluminium silicate, and in
many compounds, part of the quartz is replaced by heavy metals such

as barium, zinc, and aluminium [33].

2.2.3 Coupling Agent

To obtain a compound that has good mechanical properties, it is essential to
have a strong bonding between the organic phase and the fillers. This
bonding is accomplished during the manufacturing process by treating the
surface of the fillers with a binder before mixing it with the substrate. One
of the most common types of bonding materials in use is called silane,
which is one of the organic silicon compounds. When silane is deposited on
the fillers, the methoxy group reacts with the O-H group in the fillers. After
mixing it with the base, the double carbon bond in the silene interacts with

the base, and thus the bonding will be accomplished between the fillers

14
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with the base. Figure (2-4) shows the typical structure of silane and its

interaction with the substrate and fillers [32].

0 OCH,
I |
CH; =0~ C— C —C==CH;—CHGH,CH,~—5i— CCH;
C||-|G OCH,
(3-methacryloxypropyltrimethoxysilane)
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Figure (2-2) Typical structure and the reaction of the silane binder.

The dental compound consists of other materials added to it as inhibitors,
such as Phenols, which are added to the resin by (200-1000 ppm) to
preserve the fabric from self-polymerization during storage and also help
not to polymerize the material in the room light when preparing to fill the
gap [83], Ultraviolet absorbents such as 2-Hydroxy Benzophenones (0.1
w%-0.5 w%) are also added to help prevent discolouration due to
oxidation. The initiating system varies according to the type of filler.
Camphoroquinone is often used as a light initiator, added during the
manufacturing process in an amount ranging (from 0.2-1%), as it is a
source of free radicals needed for the polymerization process, as it absorbs
blue light in the range of 400-500 (nm) [33]. Figure (2-5) shows

Camphoroquinone.
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@

O

Figure (2-3). The structure of a compound Camphoroquinone[34].

Finally, pigments are added at a rate ranging from (0.05%-0.001%) to
obtain a colour gradation so that the colour of the filling matches the colour

of the tooth, which is inorganic [34].
2.3 Types of dental filling

There are many types of dental fillings, and each style has advantages and
disadvantages. The latest sort is the composite filling, but it always needs
continuous development to obtain the best structural and mechanical

properties.

There is a wide choice of materials which can be used for fillings. Many
new medications are being introduced to the market and used on patients
suffering. There is limited evidence that they are more effective or robust
than existing materials. Some of these factors are the properties of filling
material, the operator's skill and technique teeth, and the environment
around the tooth. Types of tooth restorations may be classified as
intracranial when placed within a cavity prepared in the crown of a tooth,
or extra coronal, when the tooth, as in the case of a peak. At the moment,
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dental amalgam, composite resins, glass ionomer cement, resin-modified
glass ionomer types of cement, composers and cermet, cast gold, and other

alloy inlays and porcelain are used to fix intracranial preparations[35].

1- Dental amalgam: is an alloy of mercury with silver and other metals
such as tin and copper to give a set material that does not adhere to
tooth tissue and is not tooth coloured. It has been available for over 100
years, but the original formulation of the material has been modified
considerably; in particular, the addition of copper and zinc to the alloy
powder has enhanced its physical properties. Concerns over the safety
of amalgam appear to be unjustified.12 The Department of Health's
Committee on Toxicity concluded that dental amalgam is free from the
risk of systemic toxicity, and only a very few cases of hypersensitivity
occur[36].

2- Composite resin: Several groups of composite materials that e
classified based on their resin and filler components. All are tooth-
coloured and are essentially a mixture of filler particles, consisting of
various types of translucent glass embedded in a matrix of resin that
binds the filler particles together. The original generation of materials
set by a chemical reaction has been largely superseded by composites
that are set by applying bright light. The use of composite materials has
been supplemented with the pretreatment of tooth tissue with a mild
acid, which is then coated with a thin resin wetting agent before
placement. More recently, applying acids and other agents to dentine
has been advocated to reduce leakage and improve retention. These
dentine bonding agents are rapidly evolving[35].

3- Glass ionomer: types of cement are tooth colored and adhere

chemically to tooth tissue. They are similar to composite resins,
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consisting of embedded filler particles. However, their formulation and
setting reactions differ[37].

Resin-modified glass ionomer cement and composers: Compounds
and resin-modified glass ionomer cement new generations of materials
are essentially glass ionomer types of cement. The ‘resin-modified
materials are more akin to glass ionomer types of cement, whereas the
compomers are more like composites. Again, these materials are tooth-
coloured and are available in various formulations[38].

Cast gold and other alloys: Cast gold or alloy restorations are called
inlays and are made outside the mouth in an indirect technique that
requires laboratory facilities. The advantage of cast inlays is their
strength in thin sections, but they are more expensive. They are
cemented in place with either traditional dental cement or can be used
with more modern bonding systems[39].

Porcelain: Porcelain inlays can now be cemented into the prepared
cavity. There are different kinds of porcelain and other ways to make

them, and all of them can be used with different cementing agents[40].
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Composite

Figure(2-4) Some of the types of dental fillings.
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2-4 The Nanotechnology in the Dental material

Nanotechnology has grown in popularity in recent years due to its capacity
to enhance the performance of various systems. Many studies have focused
on the medicinal uses of nanotechnology. Medical equipment has already
been made smaller and stronger using this technology, making them better

for individuals who rely on them to complete their jobs [41].

The purpose of creating nanoparticles is to develop materials with novel
features, which include many properties. First: the distances between
particles or groups of particles are small or nonexistent. This property
makes nanomaterials extremely fine and robust, and it has a variety of
additional properties. Second: the atoms on the particle's boundary are
unsaturated, indicating that the particle is not saturated. Because of this
unsaturation, nanoparticles are effective and require interaction with other
nanoparticles or with other substances. For example, if an atom on the
boundary of a particle has four bonds, two of these bonds are linked inside
the particle while the other two bonds remain outside the body without
bonding. As a result, nanoparticles are effective and require interaction

with other nanoparticles or with other substances [42].

Richard Feynman, the creator of the nano-phenomenon, is credited with
establishing the field of nanoscience in the 1950s [34]. According to the
scientist Norio from the University of Tokyo, the term (Nanotechnology)
means the process of separating or combining materials at the atomic or
molecular level, one atom by another atom or one molecule by another
molecule [43], during the year 2006, nanotechnology was introduced into a
variety of life applications and took up a significant portion of the applied
sciences, particularly in the fields of medicine, biology and pharmacology,
as well as electronic materials and chemistry. Many industrial sciences use

nanotechnologies, such as drug delivery, semiconductors, and dentistry
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materials like fillings [44]. Nanoparticles are atomic assemblies ranging in
size from five to a thousand atoms, which are far smaller than the
dimensions of bacteria and living organisms. Nanoparticles are used in a
variety of applications [45]. The use of nanotechnology in dentistry has
provided both the dentist and the patient with a new and exciting
viewpoint. Nanotechnology has helped to improve dental and oral hygiene

by delivering drugs and diagnosing problems more effectively [46].

When it comes to dental applications, nanoparticles are preferred since they
are affordable and possess unique dental features (Dentin). Nanotechnology
will significantly impact science since its qualities will be improved. As a
result, nanocomposites have become increasingly popular in dental
restorations. Another key element that causes tooth damage and, as a result,
results in a decrease in antibacterial activity, polymerization contraction,
plaque collection and partial leakage, as well as the creation of cavities, has
to do with tobacco use. The development of caries in the mouth has just
been concluded by scientists, who have discovered that oral biofilms play a

significant role [41].

On the other hand, nanotechnology improves mechanical properties. It
gives them unique specifications, which are very required and necessary in
dental fillings, as they face very harsh surrounding conditions in the human
mouth, so the filling must have specifications close to the specifications of
the natural tooth in terms of durability and resistance to corrosion and
others. Also, it needs to have good rheological properties and the correct
viscosity and density so that the dental filling doesn't shrink during

polymerization, crack, or have other problems with its structure [47].
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2.5 The Material used:
2-5-1 Nano Graphene

Graphene is a material composed of monoatomic carbon nanosheets that
have a honeycomb-like structure. It comprises a single atomic layer of sp2
hybridized carbon atoms arranged in a hexagonal lattice to produce a

hexagonal lattice [48].

Graphene has a solid structural that makes a thin slice of it one atom
thicker (300) times more potent than steel with the same thickness (this is if
we assume theoretically that iron can become with the same thickness), and
this is what was shown by one of the tests conducted in (2009). This led to
the classification of graphene as one of the most robust materials currently
known [49].

Graphene exhibits unique and exciting physical and chemical properties.
The mechanical properties of nano-graphene are unique, and it is the most
transparent, hardest, thinnest, lightest and most conductive material in the
world. Its derivatives include graphene oxide, graphene obtained by
hydrogenation, and graphene derivatives with magnetic properties.
Recently properties of graphene are more widely used than its derivatives,
as it can be mixed with metal to prepare composite materials. It is
considered an effective material in technology and significantly on the
future technological revolution. It is now known that it exhibits the highest
possible strength due to the immense strength between the carbon atom
structures conferring the increased power to graphene. Overall, graphene is
widely used in the preparation of new high-strength, high-performance
composite materials increasingly used in defence, industry and other fields
where graphene can be mixed with A variety of materials, including metal-

metal compounds and polymers [50]
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In 2004, two Russian scientists worked on extracting graphene, which is
one of the forms of carbon (Allotropic) (graphite, diamond, fullerene,
carbon tubes, graphene flakes). Ordinary adhesive tape by peeling off the
graphite material known in pencils, although it is one of the forms of
carbon, it has a two-dimensional hexagonal crystal structure like a slice of a
beehive, as shown in Figure (2-1). In addition, it is an excellent conductor
of electricity, much better than copper cells. Graphene is almost entirely
transparent, allowing it to be used in manufacturing touch screens and
photovoltaic cells. Graphene is used in many technological and medical
applications such as biosensing, drug delivery, development of medical
materials and devices, antiviral, antibacterial or antitumor therapy [51].
Graphene films can increase the differentiation of stem cells as these
materials significantly improve dental products' physical and mechanical

properties [52].

Figure (2-5). The structure of two-dimensional graphene [51].

23



Theoretical Part Chapter Two

2-5-2 Poly methyl methacrylate (PMMA) polymer

Among the oldest and best-known polymers is Poly (methyl methacrylate),
a kind of acrylic acid [53]. It is a significant and intriguing polymer
because of its appealing physical and optical qualities, which are critical to
its wide range of applications [54] PMMA is a non-biodegradable polymer
that exhibits excellent transparency, mechanical strength, and chemical
resistance while being lightweight [55] Good tensile strength and hardness,
as well as high rigidity and transparency, are all characteristics of
thermoplastic materials [54] Colorlessness, resistance to weathering
corrosion, and solid insulating capabilities are all characteristics of this
material [55].

In addition to brittleness and limited chemical resistance, Poly (methyl
methacrylate) has a number of drawbacks that may be mitigated by
chemical or physical modification. In each unit of PMMA, there are both
hydrophobic (ethylene) and hydrophilic (carbonyl) groups present [54].
Poly (methyl methacrylate) is generated from the polymerisation of methyl
methacrylate in the presence of other monomers [56]. PMMA is the most
widely used polymer in the methacrylate family. It is widespread usage in a
variety of industries [55], especially in the dental/medical fields for
removable or implantable devices (e.g., denture base resin, provisional
restorative materials, bone cement, facial pros-theses) due to its desirable
mechanical/biological properties, easy fabrication, and economic cost [57].
A chemical structure of the repeating unit of PMMA polymer, as shown in
Figure (2-2).
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Figure (2-6). A chemical Structure of the Repeating unit of PMMA
Polymer [58].

Table (2.1). The Most Important Properties of PMMA Polymer

[59][60].
Parameters PMMA
Chemical formula CH,=C(CH3)COOCHg3
Molecular Weight Mw (g/mol) Varies
Refractive index 1.49

Solution PH 55t06.4
Density (g/cm®) 1.2 glem®

Glass transition temperature 106°C

Tg°C
Melting point Tm °C 213°C

2.6 The Properties
2.6.1 Rheological Properties
2.6.1.1 Density

Density is the result of the ratio between the mass of a solution and its

volume [61] that was calculated using equation (2-1).
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mass(m)

Density (p) = (2-1)

volume(V)

2.6.1.2 Viscosity
Viscosity is the resistance experienced by the particles of the liquid during
the moving that depends on the nature of the material and its temperature.

Equation (2) was employed to determine the viscosity of the test liquids

(ms) [62].

ns = no (ts/to)(ps/po) (2-2)

Mo Means water viscosity, t, means water flow time, p, means water density,
ts means experimental fluid flow time, and ps means the density of the
experimental fluid.

2.6.2 Mechanical properties

Ultrasound-based approaches are quick to implement. In most cases, a
single measurement can be accomplished in minutes. Acoustic attenuation
is exceptionally appealing for online characterization because of this
property and the capacity to measure flowing systems. Ultrasonic thickness
measuring is a frequently used technology in the industry, identification of
flaws and a limited but growing scope of material characterization [63].
The critical element of ultrasonic is a piezoelectric transducer, commonly
utilized for emission and reception. Ultrasonic research is likewise a
burgeoning field, with efforts being made in a variety of ways. However, as
it is commonly used, ultrasonic has several drawbacks or limits. The main
one is the need for contact or fluid medium for ultrasound coupling to the
tested part. Others include piezoelectric transducers' limited bandwidth and
sensitivity to the phase of the ultrasonic wavefront across the transducer
element, making an inspection of components with acute curvature
problematic. Researchers have known for a long time that these constraints
may be overcome by utilizing lasers and light to generate and detect
ultrasound, a technique known as laser ultrasound [64].
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2.6.2.1 Ultrasonic Velocity

The velocity of an ultrasonic wave propagating through a medium is
affected by the material's physical qualities. Molecules in low-density
mediums such as air and other gases can move long distances before
influencing surrounding molecules. The velocity of an ultrasonic wave in
these media is relatively low. In solids, molecules are restricted in their
mobility, and ultrasound travels at a relatively high speed. Ultrasound
velocities in liquids are halfway between those in gases and solids [65].
Because variations from the linear dependency of rate and compressibility
on the mole fractions provide information about the physicochemical
features of liquid mixtures, ultrasonic velocity measurements are used to
analyze molecular interactions in pure liquids and binary/ternary mixtures.
Molecular interaction studies have been made on liquid mixtures [66]. The
speed of sound is a property of the medium in the linear propagation
regime (minor perturbation or small wave amplitude). It is independent of
wave amplitude and may be calculated using the medium's material and
geometrical properties. The generalized concept of an effective elastic
modulus (K) and an effective mass density can be used to account for wave
type-specific differences, such as bulk compression, bulk shear, surface, or
guided wave-specific differences. The effective elastic modulus is
determined by the elastic and geometrical properties of the medium, which
define the stiffness of a particular wave. The ultrasonic velocity (V) was

calculated using the equation(2-3) [67]:
v=1 (2-3)

t
These symbols, x and t, represent the sample thickness and the duration of

wave recording over the sample, respectively.
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2.6.2.2 Absorption Coefficient of Ultrasonic Waves

The physical properties of natural materials produce an effect which further
weakens the sound. This further weakening results from attenuation.
Attenuation is a function of material properties, distance, and frequency.
The attenuation is a combined effect of scattering and absorption.
Scattering is the reflection of the sound in directions other than its original
direction of propagation due to the inhomogeneous nature of materials.
Such boundaries can be caused by voids, inclusions, and grain boundaries.
Absorption is the conversion of sound energy to other forms of energy. In
this way, the strength of an ultrasonic signal reduces as it propagates
through a given material [68]. Consider a thin layer of the medium that is
normal to the direction of propagation at a distance (x) from an origin and
of a thickness (dx), where attenuation is uniform, the fractional loss of
energy per unit path length from the layer should be constant[69].

Where (E) represents the wave's initial energy density and is the medium's
absorption coefficient. Since intensity (1) is directly proportional to energy

density (E), where:

OI'—' _ “2adt (2-4)

By integrating this equation and applying the boundary condition that I=I,
for t=0, obtained:

I = 1. exp(—2at) (2-5)

In addition, | am proportional to the square of the amplitude A. Ultrasonic
attenuation is the rate at which a wave decays as it travels through a
medium. An equation can be used to express the amplitude change of a
decaying plane wave [70,71]:

A= A exp(—at) (2-6)
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This can be given by equation (2-7).

_—InATA
t

a (2-7)

Where (Ay) is the initial amplitude of the ultrasonic waves, (A) is the wave

amplitude after absorption, and (t) is the thickness of the sample.
2.6.2.3 Relaxation in liquids

When subjected to applied stress, polymers can be distorted by either or
both fundamentally different atomistic mechanisms. The lengths and angles
of the chemical bonds that connect the atoms may distort, causing the
particles to shift to new places with more internal energy. This is a minor
movement that happens extremely rapidly [72]. This process occurs during
a relaxation period known as (Relaxation Time) (1), defined as the time it
takes for excitation energy to become translational. Temperature and
contaminants play a role. The dispersion of ultrasonic velocity in a binary
mixture reveals information about the relaxation process's characteristic

time, which causes distribution. The relaxation time (t) can be calculated

4n,
3v°

using the following equation: = = (2-8)

Where 1 is the viscosity, p is the density, and v is the ultrasonic velocity
of the solution [73]. Using the following equation, we can calculate the
amplitude of an ultrasonic wave in a relaxing mode after colliding with
particles solution and discomfiture caused by this collision and then
returning to the comfortable state, referred to as the relaxation amplitude
[74].

D=alf? (2-9)

where f is the ultrasonic frequency.
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2.6.2.4 Compressibility

Adiabatic compressibility exists when no heat is transferred into or out of
the system, which is the fractional reduction in volume per unit increase in
pressure. These changes are related to the compressibility of the medium,
according to the thermodynamic equation:

1 0V

B=7Gp) (2-10)

Aside from that, it may be computed from the speed of sound (v) and
density of the medium (p) by utilising the equation of Newton Laplace
[75]

1 -
B===(pv)" (2-11)
2.6.2.5 Bulk Modulus

A substance's Bulk modulus, which defines its resistance to uniform
compression, is defined as the amount of pressure necessary to shrink the
volume. It was computed using the Laplace equation, developed in the

nineteenth century [76].

=pVv (2-12)

2.6.2.6 Specific Acoustic Impedance

Acoustic impedance is essential in determining acoustic transmission and
reflection at the interface between two materials with varying acoustic
impedance. It can also be used to create ultrasonic transducers and analyze
sound absorption in a medium. The equation shows the ultrasonic velocity

and density product acoustic impedance, as shown below [77].

Z=pV (2-13)
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2.6.3 The biological properties

Saliva is a complex mixture of fluids that surrounds the oral tissues and
arises from the major and minor salivary glands and non-glandular sources
such as crevicular fluids, oral microorganisms, and host cells. Saliva can be
watery, thick, or sticky depending on its composition, and the number of
proteins present in saliva will be determined primarily by its thickness,
density, and viscosity. The salivary pH is nearly neutral, and temporal
factors such as inorganic phosphates in saliva at rest and the carbonic acid-
bicarbonate system in stimulated saliva keep it neutral. Among the various
protective functions of saliva, including loosening and cleaning the oral
cavity and enabling ion exchange, some salivary properties may contribute
to protection against the caries process as dental caries is the dissolution of
minerals that causes dental caries surface by organic acids formed from the
bacterial fermentation of sugars. The ability of saliva to expel
microorganisms, concentration, and maintain oral hygiene is affected by
pH and other factors [78].

2.6.3.1 The antibacterial

The number of bacteria in the mouth of a person is estimated at one billion,
scientists have discovered more than 700 different types of bacteria in the
human mouth [79], but it should be noted that most of these types are
considered natural inhabitants, meaning that they do not cause any health
problems in the mouth. Still, some are useful and preserve the teeth [80].
On the other hand, there are types of bacteria problems, such as gingivitis,
ulcers, and tooth decay [81].

Tooth decay is caused by acid from bacteria dissolving the hard tissues of
the teeth (enamel, dentin, and cementum) [82]. Acid is produced by

bacteria when food or sugar remains on the tooth's surface [83]. These
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restorative materials have seen widespread use over the past three decades,
and their application ranges from anterior to posterior restorations [84].
Studies have unfortunately shown a high number of failures, with
secondary caries as the primary cause. It was discovered that resin
composites accumulated more dental plaque than enamel and conventional
restorations. As a result, alterations that introduce antibacterial qualities are
required to meet the requirement of increasing the service life of resin

composite restorations [85].

The definition of an antimicrobial agent is a chemical compound capable of
Killing pathogenic microorganisms [86]. An antibacterial component can be
added in resin composite materials, through modifications made to the filler
particles [87]or the resin matrix [88]. The two kinds of bacteria used in this

study:

1- Enterococcus faecalis bacteria (E.F.) is the essential type of the genus
of Staphylococcus with clinical importance for humans, and this
bacterium has attracted the attention of scientists because it spreads
naturally in humans. Enterococcus faecalis is a gram-positive bacteria
that, like all other streptococci, has an essential role in human disease.
Infection rarely occurs but is usually pathogenic; These bacteria also
live in the mouth and vagina [89].

2- E. staph infections Staphylococcus aureus, Staphylococcus aureus, or
Staphylococcus aureus (Latin: Staphylococcus aureus) is a kind of
gram-positive bacteria, which can typically be found living on the skin,
in the nasal passage, or the breathing tracts. Staphylococcus aureus is

the most common cause of staph infections [90].
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2-6-3.2 Antimicrobial mechanism of GO

In general, the development of antimicrobial activity for graphene-based
nanosheets (including graphite, graphite oxide, GO, and rGO) proceeds in
three steps [14]:

1- Deposition of nanosheets on the bacterial surface.

2- Membrane disruption by sharp nanosheets.

3- The ensuing superoxide anion-independent oxidation.
The level of antibacterial activity can be synergistically enhanced by
membrane stress and oxidative stress. The stresses induced by GO lead to a
more potent antibacterial activity than rGO and graphite. Specifically, the
antibacterial activity of GO arises from various physical or chemical
interactions between GO and bacterial cells Figure (2-2). During the
physical interaction, the sharp edges of the GO nanosheets damage the cell

membrane [91]

Graphene oxide (6o}  Leakage of cytoplasmic material

Direct cutting of membrane
by sharp edges of Gﬁzheets a

Cell membrane

_ Flagella 4

Singlet oxygen (10,) is
generated by GO when
exposed to simulated
sunlight

" L i
- ) wriﬁ:}es on GO film disrispt ;
GO wrapping on bacterial cell g .) the-fnernbrane functi il

Figure (2-7). Antimicrobial activity mechanism of GO through various physical
and chemical interactions; including bacterial cell damage by the sharp nano-wall/
edge of GO, extraction of phospholipids, wrapping of a bacterial cell by large-
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surface-area GO, ROS generation for disruption of genomic DNA, proteins and
cellular metabolism (represented by TCA), and wrinkles in the GO film for

membrane disruption [92]

Hydrazine-reduced GO nanosheets possessing sharper edges can
effectively mediate charge transfer between bacterial cells and thus show a
higher antibacterial activity [91] because the damage to the cell membrane
Is caused by direct contact of GO with the cell, Gram-negative bacteria
with an outer membrane are more resistant to such damage than Gram-
positive bacteria. Molecular dynamics simulation on graphene nanosheets
revealed that the nanosheets penetrate cell membranes spontaneously
within a few nanoseconds when they align vertically at a distance of 3.5—
4.7 nm from the membrane surface. This insertion occurs in three modes
[93]:

1- In swing mode, the nanosheets contact the membrane surface
multiple times.

2- The insertion mode, in which the membrane traps nanosheets by van
der Waals forces and hydrophobic interactions, followed by
membrane cutting.

3- The extraction mode leads to deformation and loss of membrane
integrity.

On the other hand, the chemical damage is initiated by the formation of
Reactive Oxygen Species (ROS) and/or charge transfer, subsequently
resulting in oxidative stress [93]. The stress on the membrane can induce

fragmentation of genomic DNA and cell death [94].
2.6.3.3 Factors affecting the antibacterial nature of GO

GO has different antibacterial mechanisms, including mechanical cutting of

cell membrane, wrapping of the cell, ROS generation, and extraction of
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cellular materials. Several intrinsic characteristics of GO nanomaterials,
such as conductivity, catalytic activity, and level of interaction with
biomolecules, are highly dependent on their morphological, physical, and
chemical properties, including lateral size, purity, structural defects, charge,
functional groups, degree of oxidation, and hydrophilicity. Therefore, all
these factors contribute to the overall antibacterial activity of GO [95], as

shown in Figures (2-3).
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Figure (2-8). Factors affecting the antibacterial properties of GO [92].
2.6.3.4 GO as an antimicrobial agent

The interaction  between  graphene-based nanomaterials and
microorganisms has brought interest as a recently important topic. Oxygen
atoms make GO superior to pristine for various applications [92]. The

antibacterial activity of graphene-based nanomaterials was first reported by
Fan et al. [96], where the GO nanosheets exhibit no significant cytotoxicity

to adenocarcinoma human alveolar basal epithelial cells (A549) at a low
concentration of 20 pg mL ™" [96]. The viability of bacteria in the presence
of GO-based nanomaterials is determined by the nature of GO, incubation
time, and nanomaterial concentration [97][94][98][99]. Chen et al. [99]
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found that bacterial inactivation typically occurs in the first hour of
incubation, and the rate of cell death increases with increasing GO
concentrations [99]. The in vitro and in vivo studies by Zhao et al. [97]
showed that GO Inhibits the growth of Klebsiella pneumonia, thereby
increasing the survival rate of mammalian lung cells; reducing tissue
damage; decreasing inflammation of various organs; and decreasing the
mortality rate of mice [97]. The studies suggest that GO can be a promising

nanomaterial against multidrug-resistant (MDR) pathogens.

However, a bacterial infection could recur after the treatment with GO,
compared to the mock-treated mice, suggesting different antimicrobial
activities of graphene materials between in vitro and in vivo cases.
Therefore, an in-depth understanding of the antibacterial mechanism and
various environmental conditions affecting the antibacterial properties and
cytotoxicity toward mammalian cells is needed to derive more effective

antibacterial GO-therapeutics [92].

1- The size: The antibacterial ability of GO Nanosheets are specifically
related to the effectiveness of cell adhesion, cell intake, and cell
damage caused by the interaction between GO and cell. The lateral
size of GO Highly influences bacteria. The GO nanosheets with a
slight lateral size exhibit antimicrobial effects mainly through
oxidative stress, which is related to the defect density of the
nanosheets, whereas GO Nanosheets with a sizeable lateral size
exhibit antimicrobial effects through the cell entrapment mechanism.
Therefore, small-lateral-sized GO has higher antibacterial activity,
specifically in surface coating, whereas large-lateral-sized GO has
high antibacterial activity in the form of suspension [100].

2- The morphology: morphological effects are associated with GO

Nanomaterial and bacterial cells. The physical structure and
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nanoscale geometry of GO Affect its interaction with bacteria. GO
Films with surface wrinkles show excellent antibacterial properties
due to their corrugated nature at the nanometric level [101]. The
wrinkled GO Surfaces are more effective than planar surfaces in
terms of inducing the interaction with cell materials and driving the
alteration of cell alignment, orientation, and morphology [102].

3- Aggregation: The interaction between GO and bacteria significantly
depends on GO Concentration, charge, dispensability, and
aggregative state in different solutions (deionized water, phosphate-
buffered saline, NaCl, MgCl,, and CaCl, solutions), lead to varying
antibacterial effects. The GO at low concentrations (<6 pg mL ™)
exhibits substantial antibacterial effects in all solutions. The non-
aggregated GO Mechanically disrupts the bacterial membrane,
resulting in the leakage of intracellular materials and eventually cell
death [103].

2.7 Characterizations
2.7.1 Fourier Transforms Infrared (FT-IR) Spectroscopy

Fourier Transforms Infrared (FT-IR) is chemical investigative
spectroscopy. This instrument measures the infrared intensity of the light
wavenumber. IR light is composed of wavenumbers that are split into three
regions: far-infrared, mid-infrared, and near-infrared, with wavelengths
ranging from (4 to 400 cm™), (400 to 4,000 cm™), and lastly (4,000 to
14000 cm™), according to the wavelengths [104], The permissibility of this
technique is dependent on the ability to detect the vibration of a chemical
functional group in a sample. When infrared light interacts with the matter,
the chemical bonds in the matter will be stretched to their maximum length.

It is in this case that the infrared radiation is absorbed by a chemical
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functional group in a specified wavenumber range, which is independent of
the rest of the molecule's structure [104]. More complicated molecules
contain more than one bond, which allows for the possibility of multiple
sorts of vibrations. Vibrations may be divided into two basic categories:
bending and stretching vibrations.

1. Bending Vibrations

When a bond angle is changed between two bonds in a common atom,
this is referred to as deformation vibrations. A movement in the atoms
group that is concerned with the residue of a molecule that occurs
without any movement in another group of atoms is also referred to as
bending vibrations or deformation vibrations [105]. Bending vibration

may be classified into two categories, as seen in Figure (2-6).

a) Out of Plane Bending Vibrations.

b) In-Plane Bending Vibrations.

= @ = == P N
-
> S % /‘&
& &
In-plane
Deformations a 4
0 / I
b S >
-~ o
In-plane Bending In-plane Bending
or Scissoring or Rocking
LY 4 - &
- 4 ~ v 4
>, 4 Y
a ' d
Out-of-plane
Deformations
/ . -
(S h O™
> -
“u -
/Out—of—plane Bending /Out—of—plane Bending
or Wagging or Twisting
\_ Bending Vibrations _/

Figure (2-9).Types of Bending Vibrations [105].
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2-Stretching Vibrations.

The stretching vibrations took place on the bond length, which might
increase or decrease at regular rests as the bond length varied. Vibrational
stretching can be divided into two categories: symmetrical stretching and

asymmetrical vibrations [106], as demonstrated in Figure (2-7).

Symefrical stretching Asvmefrical stretching

Figure (2-10).Stretching Vibrations of Different Types [106].

The concept of this approach is that molecular bonds vibrate at different
frequencies. FT-IR spectroscopy is a potent instrument for detecting types
of chemical bonds in a molecule by producing an infrared absorption
spectrum as a molecular "fingerprint." Depending on the elements and the
type of connection, molecular bonds vibrate at different frequencies.
Because FT-IR offers information on a material's chemical bonding or
molecular structure without destroying it, it can be used to identify
unknown materials, detect organic and inorganic additives at a low level,
and assess chemical structure change and solvent residue [106], as shown
in Figure (2-8).
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Figure (2-11). Schematic Illustration of the FTIR System [104]
2.7.2 X-Ray Diffraction (XRD):

X-ray diffraction (XRD) is a powerful instrument for researching electrode
materials, particularly cathode materials, to confirm the crystallographic
structure, the size of crystallites, and the desired specimen orientation. X-
ray radiation is produced by a high-energy electron beam when anode
materials such as copper are irradiated [107]. The wavelength range is
0.01-10 nm, and the order of planar crystals in the atom spacing (d) equals
the number of atom arrays in the wavelength range [108]. After the
dispersion patterns of the material have been analysed, X-rays that can be
naturally dispersed from each collection of crystal lattice planes at a
specific angle may be utilized to validate the crystal structure after it has
been determined what the structure of the crystal is [109]. Bragg's law
(equation 2.1) is widely applied to illustrate circumstances of diffraction
from planes with spacing (d) see Figure (2-9) to build a link between

wavelength and spacing of crystal [110].
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nA = 2dsin 0 (2-1)

In such case, n indicates An number that describes the degree of
diffraction, where represents the wavelength of the X-ray beam incident on
the crystal lattice, d denotes the spacing of the crystal lattice and denotes
the angle of the incident X-ray beam [111].

Bragg diffraction

dsin®

Figure (2-12). Bragg’s Diffraction [112].

In the meanwhile, the Scherrer formula employed to determine the size of
the crystallites (D)[113]:

D=KABcos (0)................... (2-2)

For the average crystallite (0.9) and the whole width of materials, the form

factors are (K) and (B), respectively.
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2.7.3 Scanning electron microscope (SEM)

In many sectors throughout the world, the scanning electron microscope
(SEM) is a critical research and production tool that is widely used in both
study and manufacturing. The requirement of inspecting and gathering
information on samples whose structural integrity is failing is the source of
the instrument's attractiveness. The scanning electron microscope (SEM)
offers a higher degree of resolution for examination and inspection than
current optical microscopy methods. Furthermore, unlike the optical
microscope, the scanning electron microscope (SEM) offers a variety of
analytical modes, each of which delivers unique information on the
physical, chemical, and electrical characteristics of a specific specimen,
device, or circuit. As a result of recent advancements that remove or at the
very least limit sample deterioration and contamination while permitting
continuous nondestructive in-process inspection, the scanning electron
microscope (SEM) is seeing growing usage in research and production

quality control applications [114].
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Figure (2-13). Ray Diagram for a system of SEM [115].

2.7.4 Optical microscopy (OM)

Optical microscopy is a technique employed to closely view a sample
through the magnification of a lens with visible light. This is the traditional
form of microscopy, which was first invented before the 18th century and
is still in use now. An optical microscope, also sometimes known as a light
microscope, uses one or a series of lenses to magnify images of small
samples with visible light. The lenses are placed between the sample and
the viewer's eye to magnify the image so that it can be examined in greater
detail.
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3.1 Introduction:

This chapter provided an overview of the used materials, methods,
equipment's, instruments and antibacterial that were used in the
preparation and measurement procedures, as well as the steps of sample

preparation and testing measurement that were covered.

3.2 The Utilized Materials

a) BEAUTIFIL 11 is the hybrid filling contained a macro-micro
particle that formed from (Bisphenol A-glycidyl methacrylate) (Bis-
GMA). It is a resin commonly used in dental composite by the ratio
(1-10%), Triethylenglycol dimethacrylate (1-5%), Aluminofluoro-
borosilicate glass (60-70 %), Al,O; (1-5%) and DL-camphor
quinone that manufacture by Shofu Inc. Company and made in
Japan.

b) ENHANCE is nano-hybrid universal contain Bis-GMA and barium
glass, nanosize silica (10-50 nm), and prepolymer. It was supplied
from Sincera Technology Company that was made in china.

c) Poly methyl methacrylate (PMMA) with molecular weight
(18000-20000 g/mol), melting point 213 °C, and 99 percent purity
produced by Tuttlingen Company in China.

d) Graphene Oxide (GO) was synthesis by our group using modified
Hummer methods [117] flowing the procedure in our previous
publication with pH around 5.7, see the support information for full
characterizations of GO nanosheets [118].

e) Dimethylformamide (DMF) (C3H;NO) with molecular weight
(73.09 g/mol), minimum assay 99% manufactured by Thomas
Baker (MIDC), Chemical Zone, India.

46



Experimental Part Chapter Three

3-3 Fabricated of filler-polymer-based graphene nanocomposites

Developed aquatic dissolving-sonication-casting methods were applied
to fabricate new modified dentil filler-polymer-based graphene oxide
nanocomposites. Six samples were prepared from both fillers and each
filler has three samples. Briefly, nano-filling and hybrid-filling were
fully dissolved separately with a ratio of 100 wt. % in
Dimethylformamide (DMF) by using a magnetic stirrer for three hours,

firstly.

Secondly, PMMA dissolved in DMF using a magnetic stirrer for three
hours at 80 = 2 °C, then it was added to each modified the fillers samples
separately to prepare filler-PMMA samples that were mixed for 3h at a
ratio of 75:25 wt. % of nano-filler: PMMA and hybrid filler: PMMA, to

prepper the second samples of both fillers.

Thirdly, GO was loaded to modify and reinforce the filler- PMMA
matrix structure with a ratio of 75:24:1 wt. % of filler: PMMA: GO The
mixers of nano/ hybrid filler-PMMA/GO nanocomposites were mixed
using a magnetic stirrer for 60 minutes and then sonicated for ten
minutes using a sonication bath. This procedure was repeated for 48
hours until got a homogeneous mixture of the nano/ hybrid filler-
PMMA/GO dental nhanocomposite.

Finally, the samples were washed with tepid distilled water for removing
any potentially harmful substances and then cast in a petri dish to dry at
a temperature of 40 ° C for one week. The fabricated samples were pure
nano/hybrid filling, nano/hybrid filling-PMMA, and nano/hybrid filling-
PMMA/GO nanocomposites, as summarized in Table (3-1) and diagram
in Figure (3-1).
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Table (3-1). Summarized the Synthesis of the filler samples and

nanocomposites.

Sample ID | Filler type Concentration wt. % Dried

Filler | PMMA | GO | Method

N1 Nano 100 0 0

N2 Nano 75 25 0

N3 Nano 75 24 1 40+ 3°C

H1 Hybrid 100 0 0 under air

H2 Hybrid 75 25 0

H3 Hybrid 75 24 1

48




Experimental Part Chapter Three

“ By =
o Filler + PMMA
=R (N2, 112)
NS %
PMMADMF Stirrer
o ‘n’g““.n — —> Somcallon
ll’ ﬂl
O‘O‘G .
filler )
Stirrer h* +PMMA Filler
sl w +PMMA
Somcatlun +GO
(N3, H3)
GO-DMF
Graphene Oxide

Eephio[ogicalj Em't'lmniculj[nwrplwloga [ .\'rrm'ruralj | properties Iq—

Film Casting
s

.‘\ \ | Evaporation :
:mf} 1 N, R Ex-ﬂm <

JUDULINSEIT\

uoyvonddy

EF ! \
‘5\\ i L ' . - o antibectria q
: ' i ! ¥ e RS [
S 'I% ; LR, ] =t activity
- e 4 W 1 b
% vy h

J L]
E.Staph '
Meruagpert filler +PMMA+GO

Figure (3-1). Described the synthesis for the filler samples with

nanocomposites.
3.4 Characterizations

3.4.1 Structure Characterization

FTIR spectra were recorded by FTIR (Bruker Company, German
origin, type vertex 70). FTIR was implemented at the University of
Babylon /College of Education for Pure Sciences/Department of Physics.

In this study, the considered wavenumber range is (400-4000) cm™ .
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3.4.1.1 XRD Spectrum

All crystal structures of the polymeric preparations were characterized
using an XRD (6000) diffraction device in the University of Technology.
Manufacturing and Country/ Tescan, France - Model/Xpert. An X-ray
diffraction instrument was used to examine the crystal structures of the
nanocomposites. X-ray diffraction (XRD) data were collected of (20)
from (0° - 80°). It has the following characteristics, wavelength: 0.154 m,
voltage: 40.0 (kilovolts), current: 30.0 (mA), high power: 3 (kilovolts),
target: copper, measurement temperature: 25 °C and the type of X-ray

generation tube (copper, Ba).

3.4.2 Morphology Characterization
3.4.2.1 Optical Microscope (OM)

The change of surface morphology dental filling samples and
nanocomposites is observed applying the optical microscope. The use of
OM was provided by Olympus (Top View, type Nikon-73346). It is
implemented at the University of Babylon /College of Education for

Pure Sciences/ Department of Physics.
3.4.2.2 Scanning Electron Microscope (SEM)

SEM is an electron microscope that uses a high-energy electron beam to
photograph the surface of a sample in a raster scanning pattern. After
sample preparation, the portion of each sample was cut out with
dimensions (5 mm x 10 mm) and inserted into an SEM sample holder
for examination. The surface morphology of the dental filling (N1, N2,
N3, H1, H2 and H3) using Model/Mira-3 - Details/1.2 nm at 30 kV; 2.3

nm at 3 kV - Manufacturing and Country/Tescan« France.
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3.4.3 Rheological Properties

3.4.3.1 Density and viscosity

The factory's sensitive balance was built by a meter Switzerland
Company and the density was measured using a density bottle with a
capacity (25 ml) and the sensitive balance of the factory (0.0001). An
Ostwald's viscometer calibrated with doubly distilled water was used to
measure the viscosity of the aqueous solutions. The experimental liquid
and the Ostwald's Viscometer were immersed in a temperature-
controlled water bath. The time of flow was measured using an

electronic stopwatch.

The timer used was the type of Her Wins Swiss (Swiss) made to measure
the flow time of dental filling, nanocomposite solutions, and distilled

water in a capillary tube with accuracy the amount of (+ 0.0001 sec).

Qax0

i_—Glass stopper

Hole

o

|
+— Glass bottle L
b

A | Density bottle B L\vf'//'é

Figure (3-2). (A) Density bottle, (B) Ostwald's viscometer.
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3.4.4 Mechanical Properties

Pulse technique of sender-receiver type (SV-DH-7A/SVX-T7) velocity of
the sound instrument — Korea) was used to do ultrasonic measurements.
The tests were carried out at a frequency of 30, 40, and 50 Hz. The
receiver quartz crystal was installed on a digital variable scale of slow
motion, allowing it to be relocated parallel to the sender while the
samples were placed between the sender and the receiver, as two traces
of a cathode ray oscilloscope, the sender and receiver pulses (waves)
were shifted. The digital delay time (t) of receiver pulses was measured
concerning the sample thickness (x). The amplitude of the incident
ultrasonic wave (Ag) is represented by the pulse height on an
oscilloscope (CH1), and the amplitude of the receiver ultrasonic wave

(A) is represented by the pulse height on an oscilloscope (CH2).
3.5 Antibacterial activity

3.5.1 Media preparation

3.5.1.1 Nutrient Broth

Nutrient Broth was used for the general cultivation of less fastidious
microorganisms. It was prepared by dissolving 13 gm in 1000 mL of
distilled water , and the heat was used , if necessary , to dissolve the
medium completely . Dispense as desired and sterilize by autoclaving at
121 ° C for 15 minutes [119].

3.5.1.2 Mueller Hinton Agar

Mueller Hinton agar was used to the determination of susceptibility of

microorganisms to antimicrobial agents. It was prepared by dissolving
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38 gm in 1000 mL distilled water. The heat was increased to boiling to
dissolve the medium completely. The medium was sterilized by
autoclaving at 121 ° C for 15 minutes, and then cooled to 45 ° C and
then poured into sterilized Petri dishes (9-10 cm). The bacteria were

swabbed uniformly across the culture plate [120].

BEFORE GROWTH AFTERGROWTH

Growth Time
e
~24 hours

No bacterial growth
Agar media, spread {(Zone of inhibition)

Antibioticdisks on Petri dish

Bacterial growth

Figure (3-3). The disk-diffusion agar method tests the effectiveness

of antibiotics on a specific microorganism.
3.5.2 Agar well diffusion method

Mueller Hinton agar plate surface was inoculated by spreading a volume
of the microbial inoculum over the entire agar surface. Then, a hole with
a diameter of 6 to 8 mm was punched aseptically using a sterile tip. If the
samples were effective against the bacteria at a certain concentration,
then no colonies would grow and the concentration in agar was greater
than or equal to the effective concentration. This region is called the
inhibition zone. The size of inhibition zone measures the efficiency of a

sample. A more effective sample produces a larger clear area around the
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disk. All tests were done under a laminar flow hood. Finally, all Petri
dishes At the end of the incubation period, the diameters of inhibition
zones formed around disks were determined and presented in mm The
agar plates were then incubated under suitable conditions for 24-48 hrs.
The antibacterial agent diffused in the agar medium and inhibited the

growth of the microbial strain tested [121].
3.5.3 Maintenance of Bacterial cell

Enterococcus faecalis and E. Staph were obtained from Al-Ameen
Center for Research and Biotechnology and maintained in Nutrient broth

medium. Cells were subculture twice a week and incubated at 37 °C.
3.5.4 Inoculum Standardization

A McFarland 0.5 turbidity standard was prepared adding 99.5 mL of 1 %
sulfuric acid to 0.5 mL of 1.175 % barium chloride solution. This
solution was dispensed into tubes comparable to those used for inoculum
preparation. The tubes were sealed and stored under dark conditions
room temperature. The McFarland standard provided turbidity
comparable to that of a bacterial suspension containing 1.5 x 10 cells /
uL. The turbidity of the prepared bacterial suspensions was compared by

observing the black lines through the suspension [122].
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4.1 Introduction

This chapter presents the findings and discusses the effects of (GO)
nanosheets and polymethyl methacrylate (PMMA) on antibacterial activity,
as well as some of the morphology, structural, and mechanical properties of

nano/hybrid dental filler nanocomposites.
4.2 Structure and Morphology Properties

4.2.1 FT-IR Measurement

Figure (4-1) illustrates the Fourier Transform-IR spectrum for GO, PMMA,
nano, and hybrid dental fillers and the nanocomposite samples in the range
between 500 to 4000 cm ™. The spectrum of graphene oxide (GO) that have
peaks wavenumbers at 3214 cm™ of O-H (free water) stretching, 1738 cm™
of carbonyl C=0 stretching, 1621 cm™ of C=C stretching, 1365 cm™ of C-
H bending, 1222 cm™ of C-H stretching, 1055 cm™ of epoxy C—O-C
stretching and 980 cm™ of C-O stretching functional groups in agreement
with the literature [118]. The curve of polymer PMMA exhibited peaks at
(2951, 1724, 1673, 1435, and 1145) cm™ related to C-H medium stretching
of the methyl and methylene group, the stretching vibrations of C=0 strong
stretching of the ester group, and bond vibrations of (C=C), The carbon-
carbon single bond (C-C) has low absorption, and (C-O) related to alkyl
aryl ether group [123].

The nano dental filler pure at curve (N1) exhibited a small feature of the
peak at (1720) cm™ associated with C=0 stretching vibrations and a peak
(1051) cm™ related to the strong stretching vibrations of (C-O), whereas
new peaks presented in the N2 after the addition of the PMMA that showed
a small peak at (2946) cm™ related to (C-H) stretching, in addition to
shifting in the other peaks from 1720 to 1717 cm™and (1051 to 1052) cm™.
The contribution of GO in the nano-PMMA dental filler matrix (N3)
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presented a new peak at (3413) cm™ corresponding to intermolecular strong
bond (O-H) stretching, moreover, it presented a shifting in other some of
the peaks such as from 2946 to 2941, 1717 to 1713, and 1052 to 1054 cm™.

The hybrid dental filler curve pure (H1) exhibited a small feature of the
peak at (2934, 1713, 1452, 1161, 940) cm™ related to C-H medium
stretching of the methyl and methylene group, the stretching vibrations of
C=0 strong stretching of the ester group, and the carbon-carbon single
bond (C-C) has a medium absorption, (C-O) related to alkyl aryl ether
group and (C=C) related to strong bending, respectively. The curve (H2)
exhibited shifting in the peaks, such as (2934 to 2937), (1713 to 1722),
(1452 to 1433), (1161 to 1144), and (940 to 960) cm™. Whereas, the
contribution of GO in the hybrid-PMMA dental filler matrix in the curve
(H3) when loading of GO in hybrid dental-PMMA matrix resulted in a new
O-H peak at 3373, in addition, it presented a shifting in other some the
peaks such as (2937 to 2958), (1722 to 1713), (1433 to 1434), (1144 to
1133) and (960 to 968) cm™.

The strong interfacial interaction was responsible for the presence of the
new peaks, shifting, and changes in intensity peaks of the FTIR spectrum
for both fillers after the addition of polymer, and GO refers to bonding
these materials with a stronger hydrogen bond with dental fillers [118,123].
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Figure (4-1). FT-IR spectrum for GO, PMMA, N1, N2, N3, H1, H2,
and H3.
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4.2.2 X-Ray Diffraction Measurement

Figure (4-2) (A, B) illustrates the XRD spectrum of the graphene oxide
(GO), in addition to poly(methyl methacrylate) (PMMA). GO exhibits a
peak at 20 = 11.1° with (002) diffractions that is with 0.79 nm interlayer
spacing, which was measured by the Bragg equation and agreed with the
literature [123-126], while exhibiting three broad peaks at 20 =14.2°
29.92° and 41.35°. These peaks are corresponding to the miller indices
(111), (112), and (220), respectively, which related to the PMMA, and
matched other findings [123,124,127,128].

Figure 2 (C) explains the XRD spectra of the pure nano filling (N1), nano
filling-PMMA (N2) and Nano filling-PMMA/GO (N3).From this Figure,
N1 observed peak at 20 =20° corresponding to the DL-Camphor quinone,
which is one of the contents of Bis-GMA in nano filling [129], and peaks at
20=24.84° 25.88° 26.92° 28.84°, 31.64° 32.72°and 42.72° related to the
Al,O3 which is another component of the of Bis-GMA in nano filling that
corresponding to the miller indices (012), (115), (213), (117), (222) and
(113), respectively. These results of the diffraction pattern match the
combined (JCPDS) patterns of 5-Al,03; (JCPDS 00-016-0394) and agreed
with another researcher's findings [130]. PMMA observed a significant
change in XRD spectra of nanofillers (N2) in compression with (N1),
which presented three abroad peaks areas started from 14° to 22 °, 25° to
36" and 40° to 47°, where the majority of the N1 peaks were found to be
overlapping with the PMMA peaks, which displayed additional wide peaks
as a result of the contribution of the PMMA. A change in the size of the
peak might be a reference to an increase in the distance between interplanar
crystals [127], and it was noted that the volume expansion in the macro
[123].
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GO revealed a significant impact in the XRD of N3 that presented two
abroad peaks than N2, it was located between 8° - 36° and 38° to 48°.
Consequently, the XRD diffraction of GO may overlap with PMMA, or
also the low loading ratio, full desperation, and orientation of GO
nanosheets in the matrix could cause this disappearance, these cases make
it is difficult to present the XRD patterns in agreement with the several

works of literature that reported the same behviour [128,131].

Figure (2) (D) explains the XRD pattern of the pure hybrid filling (H1),
hybrid filling with PMMA (H2), and hybrid filling with PMMA and GO
(H3) nanocomposite. From this Figure, it is obtained that the H1 observed
peaks at 20 =20.12°, corresponding to the DL-camphor, which is one of the
contents of Bis-GMA in the hybrid filling, and peaks at 20= 25° 25.92°,
26.96°, 28.84°, 31.6° 32.84° and 42.72° related to the Al,O3; which one of
the of Bis-GMA in hybrid filling components, these peaks corresponding to
the miller indices (012), (115), (213), (117), (222) and (113), respectively.
The recorded diffraction pattern matches with the combined JCPDS
patterns of 6-Al203 (JCPDS 00-016-0394, which agree with the results of
researchers [132,133].

From this Figure, loaded the PMMA in the hybrid filler in the H2 observed
significant change by presenting two broad peaks between 18° to 36° and
38° to 48° matching the second and third PMMA peaks, whereas the H1
peaks were overlapped in these two broad peaks. H3 presented a strong
impact of GO that lead to shifting in first abroad peak from 18° to 36° of
H2 to 15° to 39° also it was noted to become bigger and wider compared
with H2 peak. From the spectra of H3, the contribution of GO, all peaks
were discovered to be placed in the wide-high intensity pattern of PMMA
polymer, which ranged from 15° to 40°. XRD patterns of GO are difficult

to present in the samples in agreement with other literature that reported the
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same behavior of GO because the peaks at graphene oxide and hybrid
filling possibly overlap with PMMA abroad peaks. Additionally, the filled
dispersion at GO nano-sheets for the mixture makes it hard to introduce
[128,131]. These changes in the XRD behviour support the FTIR results
that showed significant and strong interfacial interaction after the loaded of
the PMMA and GO.
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Figure (4-2). XRD pattern of the (A) GO, (B) PMMA, (C) nano-filling,

and (D) hybrid-filling.
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4.2.3 Optical Microscope

Figure (4-3) depicts the optical microscope images for the surface of the
nano and hybrid dental filling, and their samples (N1, N2, N3, H1, H2, and
H3). These images demonstrated the fine homogeneity of dissolved dental
samples for the N1 and H1. The addition of the PMMA in N2 and H2
exhibited changes in the surface of the samples that exhibited some
spherical particles related to PMMA. The addition of GO showed the good
and fine distribution of GO in the N3 and H3 dental filling whereas, some
nanomaterials were aggregated but that did not affect the optical
transparency of the samples, this change in the surface of the nanomaterials
was related to the bonded among the dental fillers, PMMA and GO

nanosheets with strongest hydrogen bonds as showing in the FTIR results.
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Figures (4 A and B) illustrates the nano-filling in dimensions of 1 micron,
and 200 nm, it clarified the composition of the nano-filling as grainy
particles, and rough with cavities surface shape. Whereas in Figures (4 C
and D), morphology behviour was significantly changed and the most
grained partials were covered in addition to filling the cavities and spaces
between the filler partials components, the filler-PMMA sample showed
tiny cracks on the surface that related to the nature of PMMA as reported
by another researcher [118]. These cracks were inhibited and the surface
was strongly changed after the contribution of GO nanosheets, as illustrated
in Figures (4E and F), as they interacted perfectly as a result of continuous
mixing. The pictures in Figures (4 G and H) showed the hybrid filling and
the surface topography of the sample. the loaded of PMMA revealed
covering of the most particles and fill the gaps between the filler
components, in addition, the surface of the samples showed tiny cracks on
the surface that related to the nature of PMMA, as is evident in the (I and
J). However, the GO strongly contributed created a big difference because
GO has many stretching bonds that enable to link the molecules with each
other tightly and overcome the surface cracks, this is clear in the pictures
(K and L).This change in the morphology of the surface of filler is related
to the impact of the long chains of polymer molecules that have covered the
most and bonded the filler partials components, in addition to filling the
gaps between the filler particle. This shows well working together between
the filler particles and polymer, whereas the functional groups of GO give
it the ability to form a stronger interfacial interaction to create strong bonds
among fillers, polymer molecules, and GO nanosheet, as that strongly
presented in the FTIR and XRD results that showed strong new peaks in
addition to shifting of other peaks in agreement with another finding [123].
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Figure (4-4). SEM images with two magnifications of the surface
morphology of the samples.
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4.3 The Rheological Properties

Some of the rheological properties were calculated as is important to help

to understand and calculate the mechanical properties.
4.3.1 Density

In Table (1), the density of the samples was evaluated before and after the
addition of the polymer (PMMA) and graphene oxide to the dental fillings.
It was noted from the density results of the nanofiller that it has a density
higher than the hybrid filler. In addition, the loading of PMMA and
graphene oxide exhibited a clear increase in the density of the filling-
PMMA matrix, and filling nanocomposites. Where the mass over the
volume is the definition as the density, and a linear increase in density is

presented when polymer and GO were added to the mixture [134].

Table (4-1). The sample density.

Compounds  Density g. mI™

N1 0.969
N2 1.027
N3 1.119
H1 0.944
H2 1.013
H3 1.096

4.3.2 Viscosity

The flow time of the pure dental fillings was measured before and after the
loaded of PMMA polymer and GO The finding in Table (2) showed a

change in flow time values between the types of filling, and the loading of
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PMMA revealed the molecules become larger in the matrix, In addition, the
amount of molecules in the polymeric solution rises as a result of an
increase in the forces applied that are present between the molecules (big
molecules), which obstructs the flow of the solution, while it is being
transported through the capillaries viscosity [135]. It is also possible to see
this in Table 2, which shows that the flow time rose to 18% of N2, and
20% of H2 with the contribution of PMMA, whereas the contribution of
GO significantly improve up to 32% of N3, and 35% of H3, respectively
compared with N1 and H1.

These results were obtained as a consequence of the impact of polymer and
nanosheets additives, which increased the density and friction forces
between the dental filling particles [135]. Viscosity was determined using
the relationship 2 which exhibited different viscosity values of each filler.
When the polymer was loaded to N2, the viscosity increased by 25%, and
when GO was added to N2, the viscosity increased by 53% compared with
N1. Adding the polymer in H2 increased the viscosity up to 29%, which
was improved up to 57% after the contribution of GO in H3. These results
were obtained as a consequence of the action of nanosheets additives and
polymer, which increased the density and friction forces between the dental
filling particles [136]. Second, while comparing the viscosities of the nano
filling with the hybrid filling after loading the polymer and GO, the nano
filling results were higher than the viscosities of the hybrid filling, as

represented in Figure (4-5).
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Table (4-2). The flow time for the dental filling with nanosheets.

Compounds Solution Flow Time,

Sec
N1 65:53
N2 77:61
N3 86:82
H1 63:98
H2 76:09
H3 85:87
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Figure (4-5). The viscosity for dental filling and their samples.
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4.4 Mechanical Properties
4.4.1 Ultrasonic Velocity

The outcomes of the measurements of the samples' ultrasonic
velocities of the (N1, N2, N3, H1, H2, and H3) at 40 Hz frequency
are presented in Figure (4-6) calculated from equation (3). The
ultrasound velocity improved after the PMMA loaded up to 12 % of
the nano filling and 33 % of the hybrid filling, whereas it was
significantly enhanced after the contribution of GO up to 30 % of
the nano filling and 51 % of the hybrid filling compared with their
fillers, as exhibited in Figure (4-6). Where the incorporation of
PMMA and GO resulted in a significant impact and development
for the rate of the ultrasound velocity compared to their pure dental
filling for both kinds. The ultrasonic velocity of nano-dental filling
was revealed to be slightly higher than the ultrasound velocity of
hybrid dental filling. Moreover, nanofiller- PMMA/GO (N3)
showed better ultrasound velocities up to 30 % than hybrid filler-
PMMA/GO dental nanocomposites (H3). This is owing to the large
volume of the polymeric chains that come linked to each other, as
well as the GO nanosheet, which amplifies the interfacial
interaction between the dental fillings in agreement with FTIR

results and agreed with other findings [126].
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Figure (4-6). The ultrasound velocity for dental filling and their

sample.
4.4.2 The Absorption Coefficient

In Figure (4-7), the ultrasonic absorption coefficient values of all samples
were measured by equation (4). Comparing the results for dental filling
with the samples containing polymer and GO, it was noted the absorption
coefficient increased with the addition of PMMA, meanwhile, it was
significantly increased with the incorporation of GO nanosheets.
Interestingly, the absorption coefficient of N1 was higher than that of H1.
The addition of PMMA in both fillers resulted in an improvement up to 77
% and 200 % for N2 and H2 and following the contribution of GO
nanosheets exhibited an excellent enhancement up to 166 % and 325% for
both nanocomposites N3, and H3 respectively, compared to their dental
filling N1, H1. However, the findings revealed that N3 dental
nanocomposites outperformed up to 41% more than H3 dental
nanocomposites. Where the absorption coefficient is mostly determined by

the content of the additional materials in the dental filler matrix and also
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the adjustment of either the structure relaxation that takes place between
the molecules of dental filler in the matrix of the dental. The particles and
the medium that surrounds them engage in a process of heat exchange and
friction, which leads to the attenuation, in addition to the fine dispersion of
the GO nanosheets assist in this improvement of the ultrasonic absorption
coefficient result [134]. In the fact that ultrasound travels through a
medium in the form of compression and dissociation, this location results
in a growth in the viscosity of the solution. As a direct consequence of this,
the polymer chains that are present in the solution now have a bigger
degree of adaptability as a direct outcome of the addition of GO Other

researchers' findings are consistent with these results [12,134].
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Figure (4-7). The ultrasound absorption coefficient for dental filling

and their samples.
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4.4.3 Relaxation Time

Figure (4-8) depicts the relaxation time of N1, N2, N3, H1, H2, and H3
calculated from equation (8). The relaxing time of the F-Nano was lower
than that of the F-Hybrid, these results were reduced after the addition of
PMMA. Additionally, loading the GO nanosheets presented a significant
reduction in the relaxation time of nanocomposites compared with their
dental filling pure. This reduction in the results related to the restriction of
bonded the PMMA and GO functional group with fillers that resulted in
more restricted the molecules of the samples than their original fillers.
Also, N2 and N3 performed more restricted than H2 and H3. Because of
the disruptions and impacts caused by the addition of the PMMA polymer,
the internal friction that exists between the layers became greater as the
length of the dental filling chains became greater. This effect was
exacerbated by the addition loading ratio of GO As a result, the time

required to restore a molecule to its former state rises [137].
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Figure (4-8). The Relaxation time for dental filling and their samples.
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4.4.4 Compressibility

Figure (4-9) depicts the compressibility of a dental filling with polymer and
nanocomposites that was calculated from equation (5). The nano-fillers
(N1) revealed better resistance compressibility than hybrid-filler (H1). The
compressibility results showed a significant effect of the additions of
PMMA and GO on the reduction of the ability of the sample to compress.
That was reduced up to 15% for N2 and 33% for N3 for nano-fillers
nanocomposites respectively, compared with N1, whereas it was reduced
up to 29% for H2 and 41% for H3 respectively, compared to H1
nanocomposites. In general, the results showed that the nano filling and
their nanocomposites have a better ability to resist compressibility than the
hybrid filling and their nanocomposites. The reason for the decrease the
compressibility is the properties of the polymer and the bonding strength
between molecules and the interfacial spaces, as well as the properties of
nanosheets, whose strength reaches 130 MPa and durability up to one
terminal and is characterized by having functional groups that help to form
bonds with hydrogen, which increases the bonding between the fillings, the
polymer, and the nanomaterials, and then helps in distributing the pressure
of the loads, and thus the compressibility of the materials decreases. This is

in line with the researcher's findings [138].
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Figure (4-9). The compressibility of dental filling and their samples.
4.4.5 Bulk Modulus

Figure (4-10) shows the changes in behviour of the bulk modulus of dental
fillings with the addition of PMMA and GO nanosheets. The results of the
F-Nano presented better results than the F-Hybrid. Additionally, the N2
results showed increasing the elastic modulus value after adding the
polymer up to 29% and the ratio significantly enhanced up to 93% with the
contribution of GO into N3. Whereas, the elastic modulus of H2 increased
by 92% when PMMA was added, whereas it was notable improved up to
160% of the H3 compared with H1. The nanofillers nanocomposites N3
showed better results up to 80% than hybrid-filler nanocomposites H3. This
improvement related to the unique mechanical properties of graphene
oxide, which has a strength nanosheets with 1 TPa, was inversely

proportional to the elasticity modulus of fillers by the formulation of strong
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interaction by hydrogen boned among fillers, PMMA, and GO in

agreement with another finding[139].
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Figure (4-10). The bulk modulus for dental filling and their samples.
4.4.6 The Specific Acoustic Impedance

Figure (4-11) depicts the acoustic impedance for nano and hybrid filler
before and after being reinforced with polymer and GO nanosheets. Figure
(4-11) shows the greatest results for the N1 compared with H1 results that
significantly improved after being reinforced with polymer and GO The
acoustic impedance increased by 17.7 % for N2, and 50 % for N3, whereas
it was improved up to 43% for H2 and 70% for H3, due to the contribution
of PMMA and GO nanosheets, respectively. Generally, nanofillers
nanocomposites N3 showed better results up to 35% than hybrid-filler
nanocomposites H3. The acoustic impedance (Z) of nanocomposites is
calculated by multiplying the density of the material with its acoustic

velocity. The measurement of acoustic transmission and reflection at the
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interface interaction between two materials with contrasting acoustic
impedances, as shown in equation (9). This behavior is comparable and

agreed with the researcher's finding [140].
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Figure (4-11). The acoustic impedance for dental filling and their

samples.
4.4.7 Relaxation Amplitude

Figure (4-12) demonstrates increasing the load ratios of polymers and
nanosheets resulted in an improvement in the relaxation amplitude.
According to the findings, N1 dental had a higher relaxation amplitude up
to 55% than H1, and the results were significantly improved after the
loaded of PMMA up to 77% for N2 and 166% when GO was added to the
N3 in compassion with N1, whereas H2 improved up to 250% after the
PMMA was loaded, then significantly enhanced up to 375 % of H3
compared to their dental filling H1. However, N3 showed higher relaxation
amplitude results up to 25% than H3. For this reason, the moment of inertia

of the bigger filling molecules is lowered, causing the excited particles to
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be displaced until they become tiny [141]. The relaxation amplitude
behaved in the same way as the absorption coefficient at a constant
frequency, as the absorption coefficient increased, so did the relaxation
amplitude.
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Figure (4-12). The Relaxation Amplitude for dental filling and their

samples.
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4.5 The biological properties
4.5.1 Antibacterial Activity

The chemical molecule that can destroy harmful germs is what it means by
the term "antimicrobial agent [86]. Filler particles in resin composite
materials can be modified to include an antibacterial component [87]or the

resin mixture [88].

In Figure (4-13), the result showed the effectiveness of samples against E.
faecalis and E. Staph bacterial. The nano dental filling (N1) showed
resistance to bacteria with a zone of inhibition of 21 mm diameter against
Enterococcus faecalis and 11.5 mm against E. Staph, whereas it slightly
increased up to 22 and 14 mm respectively, after the addition of PMMA in
N2. The contribution of GO in N3 produced significant improvement in the
zone of inhibition of the E. faecalis bacteria with a diameter of 25 mm,

meanwhile, it was 16.8 mm against E.Staph, as shown in Table 4.

The hybrid dental filling (H1) showed resistance to bacteria and the zone of
inhibition diameter was revealed 13.5 mm against the E. Faecalis and 13.8
mm against the E. Staph. The lading of PMMA in H2 produced improving
in the zone of inhibition diameter from 13.5 mm to 16 mm against E.
Faecalis and from 13.8 mm to 15.3 mm against E. Staph. Whereas, the GO
exhibited effectiveness of H3 compared with H1 that significantly
improved the zone of inhibition with a diameter of approximately up to
18.5 mm against E. Faecalis and 16.4 mm against E.staph as exposed in
Table 4.

Where the nano/hybrid dental fillings have resistance to bacteria. When the
polymer was added, there was a slight increase in this resistance, but when

nanosheets (GO) were added, there was a clear increase in the killing area.
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The fact that cell trapping could be an additional possible mechanism for
the antimicrobial activities of GO Upon coming into touch with the
bacterial cells, the GO sheets may become able to entrap them. GO able to
Kill the imprisoned bacteria will get cut off beginning the exterior
microenvironment, and their availability of nutrition elements would be
limited which will prevent their growth. In this context, the size of the GO
may have a considerable effect on cell encapsulation [99]. Additionally, it
IS reasonable to believe that GO nanosheets can kill bacteria by entrapping

them and cutting them with their edges [25].

The SEM images show the cavities in N1 and H1 that assist to grow the
bacteria, which produce acid and dissolve the hard parts of the teeth
cementum, dentin, and enamel and caused the tooth decay [82]. Moreover,
the food or sugar listed on the tooth's surface is associated with to growth
of these bacteria to generate acid [83]. Whereas, according to the SEM in
N2, N3, H2, and H3, these cavities in samples were filled and inhibited by
PMMA and GO which strongly impact the growth of the bacterial and
reduced their activity, which strongly the interaction presented in the FTIR

and these results support the antibacterial findings.

Generally, nanofillers dental samples showed a better ability to kill the
bacteria and a bigger zone of inhibition diameter of antibacterial, whereas
N3 showed a better result in the zone of inhibition diameter of both bacteria

compared with all samples.
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(©) (D)

Figure (4-13). In Vitro-antibacterial activity of dental filler samples against (A

and B) Enterococcus faecalis and (C and D) E. Staph.
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Table (4-4). zone of inhibition diameter of antibacterial generated

dental filler samples.

Bacterial Isolates Enterococcus faecalis E.staph
Samples ID Area(mm) Area(mm)

N1 21 115
N2 22 14

N3 25 16.8
H1 135 13.8
H2 16 15.3
H3 18.5 16.4
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4.6 Conclusions

In this thesis,

1.

The method was successfully prepared for the nano/hybrid filling-
PMMA/GO dental nanocomposite fillers.

The FTIR demonstrated the distinctions between the functional
groups of each component. Also, FTIR shows a strong impact and
good interfacial interaction between the fillers and the
reinforcement materials (PMMA and GO nanosheets).

The XRD showed a change in the crystalline behavior of fillers as
the impact of both PMMA and GO

The optical microscopy images revealed a homogeneous sample
and a fine dispersion of GO, which provided improvements in the
morphology properties as significantly confirmed by SEM
images.

The results showed the important impact of PMMA and GO
nanosheets on the density, viscosity, and mechanical properties of
nano and hybrid-dental nanocomposite fillers compared with the
original fillers.

This is evident in the bulk ultrasound velocity values of 93% for
the nano filling and 160% for the hybrid filling, modulus, the
ultrasound absorption coefficient enhancement up to 166% and
325% for both nanocomposites N3 and H3, and others, where
their values increased with the addition of PMMA and increased
even more when GO was added to the filler matrix.

Generally, nanofillers presented better results than hybrid fillers.
These results bring significant attention to promising new
modified fillers in this study that could be cheap, and stronger
with the longest lifetime than the original fillers, which could be

easily used and changed in the future.
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9. Generally, nanofillers dental samples showed a better ability to
kill the bacteria, where N3 the zone of inhibition diameter
increased 25% from 21 to 25 mm of Enterococcus faecalis and
46% from 11.5 to 16.5 mm of E. Staph.

4.7 Future Work

1.

Study the optical properties of prepared dental filling after reinforced
with PMMA and GO nanosheets.

Explored ageing and the thermal properties of prepared dental filling
after reinforced with PMMA and GO nanosheets.

Examined the effect of other of several different polymers on the
structure, morphology and properties of dental fillers properties.
Discovered the effect of different loading ratios of GO nanosheets on
the structure and properties of dental fillers.

Considered different graphene derivatives such as RGO to prepare
the dental filling with other polymers or resin.

Investigated the effect of GO nanosheets on other properties grow
moth bacteria activity.

Investigated the impact of light curing on the mechanical and

thermal properties of dental filler.
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