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Abstract

This research includes a theoretical study to enhance radiotherapy using
nanoparticles as a radiation-sensitive agent. Different structures of the Alpha-D-
glucose molecule (a-D-glucose—CsH12,06) Were used after its adsorption on the
silver nanoparticles surfaces C¢H1,06AQ03; and Ci2H24012Ag. The properties of
these configurations were evaluated using density functional theory (DFT) with
a hybrid B3LYP function (Becke, three-parameters, Lee-Yang-Parr) and with 6-
311+G* as a basis set for C, O, and H atoms. However, for silver (Ag) atoms the
basis was LANL2DZ used.

The electronic properties and structure were studied by performing geometric
optimization and obtaining the best configurations for the Alpha-D-glucose
structures with silver nanoparticle’s by obtaining the stability energies for
CsH1206Ag3, C12H2401,Ag, and CsH1,06. Their values are - 687.140, - 1520.447,
- 1124.712 respectively in Hatree units. The optimized structures were obtained
by calculating the lengths of the bonds, bond angles and dihedral angles were also
calculated, the electronic properties were studied, including the electronic
energies, the distribution of electronic charges, and the energy gap for each
compound, Vibrational modes were calculated for each compound.

On the other hand, FTIR spectra were analyzed and studied, where it was found
that there is agreement between the theoretical and practical studies after studying
the properties with stability of these molecules. They were used with high-energy
photons resulting from linear accelerators or from radioactive sources.

The purpose of using these molecules is to increase the absorbed dose of radiation
within infected cells in human organs (lungs). The goal of this reaction is to
increase the cross-sectional area of interaction within the tumor by alpha-D
glucose with silver nanoparticles in order to increase the absorbed dose within

the tumor without damaging the healthy cells surrounding the tumor.

Xl



These molecules interacted with high energies of X-ray Radiation with a range of
2-15 MeV, the sensitivity to radiation (SER) is theoretically CsHi206AQ3
compound E=2Mev, E=4Mev, E=6MeV equal13.86 while E=8 MeV,E=10 MeV
equall4.75 ,E=12 Mev equal 13.95, ,E=14 Mev equal 14.84. At the maximum
energy value of 15 MeV, equal 15.64 while C1,H240:,Ag. E=2MeV equal 13.7,
E=4MeV, E=6MeV, E=8MeV and E=10MeV equal 12.9, E=12MeV equal 12.5,
E=14MeV equal 12.8. At the maximum energy value of 15 MeV, equal 12.9

These values of radiation sensitivity resulted in a reduction of the number of

radiotherapy sessions by approximately half the duration of treatment time.

X
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Chapter One Introduction

1-1 Carbohydrates

Carbohydrates are food groups whose chemical composition is determined by a
set of nutritional and physiological characteristics. The classification of
carbohydrates depends on main factors, including the nature of the individual
monomer, the degree of polymerization, and the type of bond (alpha or beta).

according to what was agreed upon by the World Health Organization in 1997)
[1].

Carbohydrates are divided into four main groups:

|
1

Monosaccharide (glucose).

N
1

Disaccharides.

w
1

Oligosaccharides.

IS
1

Polysaccharides.

1-2 Monosaccharide (glucose)

D-glucose is the most prevalent carbohydrate and the most abundant organic
component (when all of its mixed forms are taken into account ) [2]. Andreas
Marggraf extracted glucose from raisins for the first time in 1747[2]. Jean
Dumas invented the term glucose in 1838 [3], derived from the Greek word
gleucos, which means 'sweet' or 'sugar[2]. D-glucose is polyalcohol as well as
an aldehyde, and it is classified as an aldose, which is a sugar with an aldehyde
group. The suffix -ose denotes a sugar group, whereas -ald denotes an aldehyde
group [2]. Overall, the chemical formula of glucose is CgH1,0¢ and is the most
prevalent monosaccharide [4]. It is classified as a hexose, a subtype of
monosaccharides, because it contains six carbon atoms. One of the sixteen
aldohexose stereoisomers is D-glucose, that is often known as dextrose and a

common d-isomer found in nature[2]. In equilibrium, the glucose molecule can
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exist in both open-chain (acyclic) and ring (cyclic) forms [5], as show in figure
(1-1).
OH  OH
”O\/WO
OH OH

(A) open chain (B) ring (cyclic)

Figure 1-1: Different structures of glucose (A) open chain, (B) represent of ring [5].

As seen in the figure (1-2), there are two forms of glucose that have different
cyclic structures depending on where the hydroxyl group is connected to the
carbon atom: alpha- and beta-glucose [6].

e 4 6 4 46
)9 ’—J 9 ‘J
;3 9@ "
@9 @ 0P @
’ /J‘ J )&
@ 1V @ O.
J 2J 1
a-D-glucose B-D-glucose

(A) (B)
Figurel- 2: Different cyclic structures of glucose (A) alpha —D glucose, (B) bata —D glucose] 6] .

At equilibrium, cyclic structure of glucose is the consequence of an
intramolecular interaction between the aldehyde C atom and the C-5 hydroxyl
group that results in the formation of an intramolecular hemiacetal. The cyclic
form of glucose is sometimes known as glucopyranose because the ring

comprises five carbon atoms and one oxygen atom, similar to the structure of

3
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pyrin. Except for the fifth atom, which is connected to a sixth carbon atom

outside the ring, each carbon in this ring is linked to a hydroxyl side group [2].

In biology, glucose is a common fuel. It provides energy to being from bacteria
to humans via aerobic respiration, anaerobic respiration (in bacteria), or
fermentation. Glucose is the primary source of energy in the human body,
supplying around 3.75 kilocalories (16 kilojoules) of dietary energy per gram
[7]. Glucose and oxygen provide nearly all of the energy for the brain [8]. As a
result, its availability has an impact on psychological processes. When glucose
levels are low, psychological functions that require mental effort (e.g., self-
control, effortful decision-making) suffer [9-11]. The level of glucose in the
brain, which is primarily dependent on glucose and oxygen for energy, is
typically 4 to 6 mM (5 mM = 90 mg/dL). However, when fasting, it drops to 2
to 3 mM.[12]. Below-1 1 mM, confusion ensues, and at lower levels, coma

occurs [12].

1 — 3 Physical and chemical properties of a—D glucose
Alpha-glucose's molecular structure, which features an alcohol ring with a
linear aldehyde group, is crucial in highlighting the substance's physical and
chemical characteristics. These forms, as indicated in table 1-1, are thought to
be the efficient aggregates to exhibit the physical characteristics of o —D
glucose[2].

Table 1-1: Physical properties of the glucose [2].
physical properties Characteristics

Appearance White, crystalline
Molecular weight 180.16 g mol™
Melting point 150 °C

Density 1.5620 g cm™
Solubility in;

Water Very soluble
Ethanol Slightly soluble
Ethyl ether Insoluble
Pyrimidine Soluble
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However, because of its low molecular weight, the hydroxyl group that gives
carbohydrates their overall chemical characteristics also governs the chemical
processes. Hence, it is thought to have the biggest role in the occurrence of

chemical reactions and characteristics [13, 14].

1-4 Mechanism of absorption of glucose into the blood by
human organs in the human body

The types of sugar compounds are glucose (C¢H1,0s), sucrose (Cy,H,,01;) and
fructose, levulose (C¢H1,0¢). Glucose and fructose the same of formula but
different molecular structure as shows in figure( 1-3)[15] . A kenotic simple
sugar present in many plants, where it is frequently linked to glucose to produce
the disaccharide sucrose. It is one of three dietary monosaccharides, along with
glucose and galactose, which are absorbed directly into the blood of the portal
vein by the gut after digestion. The liver subsequently transforms both fructose
and galactose into glucose, making dissolved glucose, also known as blood

sugar, the sole monosaccharide present in circulating blood [16] .

(B) Glucose (CgH1206) (C) fructose (CgH1206)

(A) Sucrose
(C12H22011

Figurel-3: Structures of as (A) sucrose, (B) glucose and (C) fructose with the number of their
corresponding oxygen atoms (in red). Carbon and hydrogen atoms are showed in white and gray
color, respectively[15].

Glucose is a significant macronutrient and a critical homeostatic element in the
regulation of energy metabolism that is maintained in a limited range of 4.4 to

6.1 m mol/L, or roughly 1.0 g/L, in the fasting blood of healthy adults.
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However, glucose is not the main component of mixed foods, and its main
source in the diet is poly- and oligosaccharides, which are hydrolyzed to
monomers by enzymes in the small intestine during luminal and membrane
digestion [17]. Postprandial glucose concentrations in the GIT lumen can vary
greatly depending on the food composition, location of the gastrointestinal tract
(GIT), and time of day and can be many times higher than those in the blood. In
humans, the quantity of gut luminal glucose was reported to be around 48 m
mol/L in upper intestine samples obtained 2 hours after eating a meal [18]. This
demonstrates that the stomach acts as both a barrier to glucose transit and a
regulatory mechanism to keep blood glucose levels stable. Thus, glucose
absorption, intake, and metabolism are all interrelated processes that determine
blood glucose levels , as well as its accessibility to organs and tissues [19].
Glucose absorption is an important aspect of the homeostatic system that keeps
blood glucose levels stable, and it may provide negative feedback to the brain's
control of food intake [20]. The "glucostatic” hypothesis of appetite suggested
by Jean Mayer in the 1950s was based on the relative changes or fluctuations of
blood glucose levels as determined by simultaneous processes of glucose supply
and consumption [19]. In both healthy and disease conditions pathological
states, the physiological mechanisms required for nutrition intake and glucose
metabolism [21]. Under normal physiological settings, glucose is the primary
oxidizable substrate of the lungs [22]. The first step in glucose consumption by
tissues is cellular absorption, which happens in most cells via carrier-mediated

facilitated diffusion via GLUT family glucose transporters [23].

Cancer is characterized by increased glucose absorption. Therapeutic techniques
for inhibiting tumor growth by interfering with glucose uptake and metabolism
in cancer cells are being researched [24-26]. Otto Warburg's first observations
that tumors used glucose anaerobically even in the presence of oxygen were

consistent with increasing glucose need [27]. The conversion of glucose to
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lactate produces just 2 moles of ATP per mole of glucose, whereas
mitochondrial oxidative phosphorylation produces 30 moles of ATP per mole of
glucose [28]. Warburg reasoned that mitochondrial malfunction was at the root
of cellular transformation and that the transformed cell needed to enhance its
glucose intake and fermentation to compensate for the inefficient respiration in
order to meet the metabolic needs of the cell [27]. However, demonstrate that
mitochondrial function is not decreased in cancer cells [29], and is essential for
neoplastic transformation [30]. The reduced mitochondrial activity observed by
Warburg in cancer cells could have been caused by the Crabtree effect, which
states that high rates of glucose uptake and glycolysis in cancer cells which can
inhibit mitochondrial respiration, most likely due to competition for ADP and
inorganic phosphate between glycolysis and oxidative phosphorylation [31].

The topic of why cancer cells need to boost their glucose absorption and
glycolytic metabolism even in the presence of oxygen remains unanswered.
Although no definite explanation has been offered, multiple lines of evidence
have shown that glycolysis is preferred to mitochondrial respiration in rapidly
proliferating tissues, during neoplastic transformation, and in normal
physiological activities [32, 33]. Increased glucose uptake and decreased
mitochondrial utilization of glucose in rapidly proliferating tissues provides a

quick source of energy via ATP.

1 -5 Application Nanotechnology in Medical Field

Particulate dispersions or solid particles with a size range of 1-100 nm in size
are referred to as nanoparticles [34] . The use of smaller materials in
nanotechnology enables the manipulation of molecules and substances at the
nanoscale level, which might improve material's mechanical qualities or provide
access to bodily parts that are not easily accessible by physical means [35, 36]
Nanomaterials, particularly silver nanoparticles, are employed in a variety of
applications, including anti-cancer [37]. Nanoparticles have played an important

7



Chapter One Introduction

role in the advancement of radiation therapy by acting as both a therapeutic

agent and a carrier for other medicines [38].

1 — 6 Silver nanoparticles in treatment

The chemical element silver (Ag) has an atomic number of 47 and its atomic
weight is 107.87 g/mole. Its density is 10.49 g/cm® (25°c), while it's melting and
boiling points are 961.78 and 2162 °C, respectively [39]. Because of their
stability in the majority of interactions, silver nano atoms have found

application in the medical and therapeutic domains, including radiotherapy.

These atoms are distinguished by having radiation sensitivity similar to that of
Nano atoms of gold [40]. Owing to their high atomic number, silver nano
atoms exhibit significant physical and chemical characteristics[39]. It has been
used as an antibacterial in many diseases due to the stability of the reaction [37].
AgNPs have been extensively researched for their antimicrobial and anticancer
effects. Research has demonstrated that AgNPs possess broad-spectrum
antibacterial capabilities against a variety of pathogens, such as viruses, fungi,
and bacteria. AgNPs have strong antibacterial action, the precise processes are
still unclear. AgNPs' antibacterial mechanisms have been explained by a variety

of theories, such as [41].

1) Breaking down the bacterial membrane and leaking cell contents.
I1) Producing reactive oxygen species (ROS) and inhibiting respiratory chain.
iii) Breaking down the DNA structure and preventing DNA replication; and IV

deactivating enzymes and denaturing proteins as show in the Figure 1-4.



Chapter One Introduction

AgNPs

AgNPs

; Enzyme
KX b f inactivation ‘

Bacterium

Protein Ribosome
AgNPs / denaturation | - , disintegration =
i/ / -« —_— C\(

_— o

Figurel-4: Mechanisms of AgNPs' antibacterial effect against bacteria, showing the ROS-
dependent route, DNA damage, protein denaturation, and enzyme inactivation [41].

AgNPs have the ability to directly interact with DNA to cause DNA mutations
or to produce ROS, which can upset DNA structure [42, 43]. Elevated reactive
oxygen species (ROS) have the ability to cause damage to the double helix of
DNA in a concentration-dependent manner. This damage can include breaking

single or double-stranded DNA and altering base modifications and DNA cross-
links [42, 44] as show in the figurel-5.
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Figurel-5: AgNPs' anticancer mechanisms. AgNPs have the ability to break DNA, produce
ROS and ruin the ultrastructure of cancer cells [42].

1-7 Radiotherapy (RT)

Radiotherapy (RT), often known as radiation therapy, is a therapeutic approach
that uses high-energy rays or radioactive element to destroy tumor cells and stop
their growth and proliferation. For more than a century, RT has been a
successful method for treating cancer, either alone or in combination with other
therapies [45]. It is still a key therapeutic method for the treatment of several
types of cancer today. It is predicted that around two-thirds of all cancer patients
will undergo RT as a stand-alone treatment or as part of a more sophisticated
therapeutic program [46]. Prior to the development of ionizing particle beams,
medicine had limited choices for treating both malignant disorders. The picture
quickly altered once Wilhelm Conrad Rontgen discovered X-rays in 1895 [47].
Emil Herman Grubbe employed X-rays to treat a patient with breast cancer one
year after their discovery [48]. There have been discoveries of new radioactive
isotopes, ray types, and radiation techniques.
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Scientists began to get a better understanding of the nature of radiations, their
modes of action, and the link between radiation duration and dose on cell
survival. Nonetheless, it wasn't until the 1920 that doctors realized that
administering a complete radiation dosage in fractionated doses was superior
than a single therapy session in terms of cancer management and fewer adverse
effects [49].

The experiments done over the next three decades (Megavoltage period) were
also focused on the creation of more creative radio-therapeutic devices capable
of treating tumours in the deep tissues. During this time, Cobalt 60 therapy was
introduced, which produced high-energy -rays [50] and of more potent electron
linear accelerators (also known as electron linacs [51], capable of delivering
megavoltage X-rays. The new devices could give a larger dose of energy than
the old ones, allowing for the treatment of deeper tumors with higher skin
saving. Because of the challenges in regulating these sources and the potential
of causing excessive radiation in the tissue around cancer, unique multi-field

irradiation strategies were developed [52].

1-8 Types of radiations useful in RT
Radiotherapy is based on the use of two kinds of radiation:

A. Non-ionizing radiation (radiation that cannot ionize materials)
B. lonizing radiation (has the ability to ionize materials).
There are two types of ionizing radiation;
1. Radiation that directly ionizes (charged particles). Heavy ions,
electrons, protons, alpha particles.
2. Radiation that ionizes indirectly (neutral particles). Neutrons,
photons (x-rays, gamma rays).
Radiation can be administered both externally and internally. In the first
modality, the beam of radiation is supplied by an external radiation source; in
the second, a radioactive source is internally inside the lesions that must be
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treated. In general, the therapy that must be employed is determined by its

location, size, and complexity.

1-9 Medical Linear Accelerator LINAC in X-Ray mode

Linear accelerator is based on the idea that the electric field accelerates electric
charges. A linear accelerator is made up of a long row of hollow metal
cylinders, one end of which is connected to a source of charged particles to be
accelerated and the other end is connected to the target. The lengths of the metal
cylinders vary. Connecting odd number cylinders (first, third, fifth, etc.) to one
polar generating vibrations device (oscillator) and connecting even number
cylinders (second, fourth, and sixth, etc.) to the other end of the oscillator. The
timing of polar transition must match with the acceleration of particles exiting
each cylinder. As a result, it must increase the length of each cylinder in

proportion to the increase in speed.

Proceed particles must to be accelerated in all cylinders at the same rate. As the
number of utilized cylinders increases, so does the speed of the accelerated
particles [53]. A high intensity of X-ray beam is thought to be effective for deep
tumor therapy. Compton scattering is the primary interaction between high
energy X-rays and tumors. Linear accelerators may generate high-energy X-
rays. A linear accelerator is a medical device that converts electrons to photons
with Kkinetic energy ranging from 4 MeV to 25 MeV. The kinetic energy of the
accelerated electron varies with the length of the cylinders, ranging from 30 cm
at 4 MeV to 150 cm at 25 MeV [54]. Electrons are accelerated by straight-line
cylinders. A series of linked cylinders that are all empty of air., as seen in
figurel-6 [55].
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Figurel-6: (A) The linear accelerator with drift tubes, (B) exterior LINAC in X-Ray Mode
[55].

1-10 Radiotherapy Action Mechanisms

In indirect action, the radiation reacts with other molecules and atoms (mostly
water, as around 80% of a cell is made up of water) within the cell to form free
radicals, which can then damage the important target within the cell via
diffusion. Chemical sensitizers can modify indirect action. The following are the

steps involved in creating biological harm by the indirect impact of x rays [56]:

1- Primary photon interaction (photoelectric effect, Compton Effect, pair
formation) results in a high energy electron or positron.

2- When a high-energy light-charged particle moves through tissue, it
generates free radicals in the surrounding water.

3- Free radicals can cause chemical alterations in DNA by breaking
chemical links.

4- Biological impacts are caused by changes in chemical bonding.

The following radiochemical processes help explain the stages involved in

destroying cancer [56].

h
Hy0 = Hy0* +e™ — Hy0% +egy  wovovoooooeeeeee, (1-1)
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HyO% = OH +H™ oo (1-2)
HyO4e™ > Hy0" — OH™ + H oo, (1-3)

The highly reactive species created in water by radiochemical reactions include
eqq: OH and H'. By interacting with and destroying the molecules in cells,
these reactive species cause indirect radiation harm to biological systems.
Because they have an unpaired valence electron, free radicals like H,0* (water
ion) and OH" (hydroxyl radical) that break chemical bonds and create chemical

changes that cause cellular harm are extremely reactive molecules[56].

1-11 Previous studies

(LU X iong et al , 2015) Glucose molecules were used as a reducing agent
during the synthesis of copper nanoparticles. They came to the conclusion based
on density functional theory that the antibacterial activity of nanoparticles may

be due to the variation in their free surface energy [57].

(Yao Hao et al , 2015) used cryolatin, silatin, and gold nanoparticles with high
atomic numbers, using spectra with high energy potentials. They studied
analytical methods for calculating the dose of radiation enhancement in the
lung. They concluded that gold nanoparticles are more radiation enhancing than

cryolatin and silatin nanoparticles [58].

(Salim M. Khalil et at , 2016) investigated the role of carbohydrates as
aluminum inhibitors utilizing density functional theory and full geometric form
optimization in the presence of the B3LYP / 6-31G(d , p) function. They
discovered that sucrose corrodes metal the least effectively and glucose

corrodes aluminum the most effectively [59].

(Zio Ouyang et at ,2016) examined the use of titanium dioxide nanoparticles in

the presence of Shiro-Penkov radiation. They calculated the total radiation
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inside a 2 cm diameter lung tumor exposed to radiation 6 MeV for 14 days
using radiation transfer modeling, and they discovered a discernible increase in

the death of cancer cells [60].

(Alejandro J . Ganzalez Fa et at , 2017) used to confirm the production of silver
particles using honey with a pH of 5-10. By using absorption spectroscopy to
measure the plasmon resonance at 411 nm, the Kkinetic variables of the
compositions were examined at room temperature. They discovered that glucose

works well as an agent to reduce silver [61].

(S.N. Sunil Gowda et at , 2018) investigated the production of silver
nanoparticles utilizing the antioxidant folic acid. It functions to lessen and
stabilize silver nanoparticles. An X-ray was applied to the A549 cells within the
lung tumor at8 MeV. Through analysis of the cells' proteins and genetic
makeup following irradiation, they discovered that the nanoparticles stopped

cancer cells from the risk of developing a new malignant tumor [62].

(R. E. Ambrusi et at , 2019) used time-dependent density functional theory to
assess the adsorption energies on the silver surface with alpha-glucose and
gluconate-ion molecules. By examining the features of the UV absorption
spectra and analyzing the observed charge on the surface of carbon dots, they
were able to identify the active groups COOH- and COO- that excite them on
silver [63].

(Masoumeh Zangeneh et at , 2019 investigated the augmentation of the
radiation dosage of zinc oxide nanoparticles doped with high-atomic-number
gadolinium under 6 MeV high-energy X-ray irradiation. Through the use of
combined plasma mass spectrometry and TEM, the cellular uptake of cells was
assessed. It was established how lethal MTT nanoparticles were. A survival

assay was used to calculate the radiation enhancement dosage, and it was
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discovered that the value of the dose increased as the quantity of nanoparticles

increased [64].

(Jeison Manuel Arroyave et at , 2020) investigated the hybrid nanoparticles’
theoretical and experimental outcomes to verify the interaction between C-dot
and AgNPs. The theory behind the practical results involved the calculation of
the negative charge energies on the AgNPs surface and the analysis of the active
aggregates in the COO- and OH-infrared spectra using density functional theory
[65].

Jinghua Han et at , 2022) investigated the use of ALA-5-coated
polyaspartamide-DOX nanoparticles as a radiosensitizing agent to target lung
cancer when exposed to high-energy X-ray radiation. Because radiation
sensitivity has harmful side effects, researchers discovered that acid-coated
nanoparticles effectively destroy cancer cells. They came to the conclusion that

this combination suppressed tumors without endangering healthy tissues [66].

(G. Venkatesh et at , 2022) studied the geometric characteristics and physical-
chemical absorption of the molecule 2-Deoxy-Dglucose with groups of
transition elements (gold, silver, and copper) using density functional theory.
The basis sets for B3LYP-LAN2DZ were used to test them. In addition to the
findings of molecular dynamics simulations, they discovered that the
combination may have anti-cancer capabilities and that the chemical qualities

rely on the mass size [67].

(Ivana Vukoje et at , 2022) synthesized hydrocolloids of silver nanoparticles,
ranging in size from 15 to 30 nanometers, by stabilizing and reducing glucose,
sucrose, and dextran. They used DFT to investigate this preparation's
characteristics to ascertain the adsorption energies and molecular charges. The
improved adsorption energies by silver were discovered to be much greater[68].
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(Roshni lyer et at , 2022) used the creation of dual catalyst nanoparticles, or E-
DSNPs, containing the radiation-sensitizing compound NU7441. The
membrane known as ephrin A2EphA2 on the surface of lung cancer cells is the
target tissue. They discovered that there was a significant radiosensitivity
absorption by the cancer cells in the membrane, along with a 0.019 and 0.19

reduction in cell survival, respectively [69].

(Yao Chen et at , 2023) investigated the effects of radiosensitization on tumor-
bearing animals with lung cancer using albumin and gold nanoparticles (Alp-
GNPs). Outstanding radiosensitization was discovered, with a SER of 1.432
much greater than that of X-ray radiation alone. Significant radiosensitization

and anti-tumor activities were demonstrated by this combination [70].

(Hamed Nosrati et at , 2023) used X-ray radiation and high atomic number
nanoparticles to target breast cancer in mice. Gd203A@BSA-Aunps. A battery
of laboratory tests was used to assess the radiosensitizing ability. When
administered in vivo, they discovered that it improves tumor suppression and is
thought to be a better cancer treatment when combined with high-energy X-rays

and nanomaterials [71].

(Weishu Ni et at , 2023) A functional density was used to demonstrate the
uneven glucose-nanoparticle bonding. According to their findings,
heterogeneous cross-linking dramatically lowers the energy barrier, which helps
to explain why chemotherapy works better and speeds up the enzymatic
reaction of glucose. This method is thought to be efficient anti-tumor and anti-

cancer procedure [72].

17



Chapter One Introduction

1-12 The Aim of the Work

Studying the effect of nano-molecules (AgNPs) as radiosensitive agent on the

radiotherapy Promotion theoretically and this is by the following steps;

1- Building the molecule glucose; DFT method will be involved as the theory
investigation to in order to find their most stable configurations, study the

structural and electronic properties of glucose structure with AgNPs.

2- Calculate the radiation dose for tumor lung that will be used with aid of

nanomolecules and without nano-molecules.

3- Increase sensitivity enhancement ratio (SER), SER is a ratio of the
number of surviving cells by the presence of nanoparticles added to
glucose to the number of cells without nanoparticles at the same dose.

4- Incorporating new radiation tables to treat lung cancer using high energies

and nanocomposites that differ from the prevailing traditional tables.
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2-1 Introduction

This chapter includes the theoretical investigation of our work and is divided
into two parts, the first provides a comprehensive overview of molecular
modeling approaches (computational techniques) for describing big, medium,
and tiny systems with a focus on the DFT method. The programs and basis set
types are described. The theoretical underpinning for the electronic properties
obtained in this research is then discussed, and overview of the vibrational
properties of the molecular structures employed in this investigation. The
second part involves theoretically enhancing radiotherapy for lung cancer
patients by using molecule nanoparticles and employing them in special
mathematical equations and foundations that will be explained in detail in this

chapter.

The first part

2-2 Approximation of the Schrodinger Equation

Bohr proposed quantum assumptions to describe the hydrogen atom in 1913,
while De Broglie introduced the wave-particle concept for moving particles like
electrons in 1924. Schrédinger integrated these concepts to create a novel

description of electrons.
Schrodinger equation in general can be written as [73] :

W¥: eigenfunction, which is the name given to the wave function, E: is the

Hamiltonian's eigenvalue, and H: is the Hamiltonian operator.

The non-relativistic Hamiltonian for a system composed of n electrons and N

nuclei is given by (all equations are represented in atomic units, where m= e

=h=1 [74].
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A2 B2 1

:-_ZA VA___Zn ___Zn ZAr‘_"'_ZA>BW i<j g (2-2)
In its simplest form, the Schrodinger equation is:
A#R) =Ta(R) +Te(®) +Ven B R) Vv (R) #Vee (R) oo (2-3)

where Ty (ﬁ) and T.(7) are the kinetic energy operator of nuclei and electrons,
respectively, Ven (7, R) Pun , Vee (R)  are both the actual and potential energy

operators of nuclei and electrons. (ﬁ) is a set of nuclear coordinates ,( 7°) is
the set of electron coordinates . The coordinates of electron i are represented
by,Ra and the coordinates of nuclei A are represented. The kinetic energy of the

nuclei is represented [74]

~ —
TN(R) ZAZM ................................................................(2'4)

The kinetic energy of the n electron is given below:

Where M, . represents the nucleus' mass. ,M.: represents the electron's mass.,

Potential energy consists of the following elements:

Ven (B R) =L S i e (2-6)

where Z, and Zg are the charges of nuclei A and B, respectively. rp;i . is the
separation between nuclei A and electron rj; : is the separation amid electron i

and electron j . Rag - is the separation between nuclei A and. nuclei B.

VZ . is the electron i Laplacian operator and V4 : is the nuclei A Laplacian
operator[74, 75].
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2-3 Born-Oppenheimer Approximation

Known as the Born-Oppenheimer approximation, this first major step in
guantum mechanics toward simplifying the general molecular issue. This
approximation is based on the fact that nuclear masses are substantially bigger
than electron masses, hence nuclei move much more slowly, and nuclei are
essentially immobile in comparison to electron motion [76]. Because the
nuclear to electron mass ratio is at least 1/1836, electrons move far faster than
nuclei. Because Ty is less than Te, the kinetic energy of nuclei Ty can be
ignored. Ty is ignored because Vyy is assumed to be constant[77]. As a result,

equations (2-3) can be reduced to:
H BR =Te(®) +Vey (BR) #Voe (F) ooovioiiiioeeeeeeee e (2-9)

Because electrons may respond essentially and instantaneously to changes in the
relative locations of the nuclei, the molecular wave function can be divided into

two components, one for nuclear variables and the other for electron

variables[78]. Using the Born-Oppenheimer approximation and ignoring

relativity, the Hamiltonian is obtained as the following:

H_ _ = ZTLVZ Zn NZA+Z

l<] ooooooooooooooooooooooooooooooooooooooooo

Following that, the Hamiltonian equation will be employed to solve the
Schrodinger equation.

The representation of a whole molecular wave function can be expressed as a
product of an electronic and a nuclear portion using the Born-Oppenheimer
approximation[79].

W R) =Wy (1 R)Wy (R)eveeoeeeeeeeeeeeeeeeeeee oo (2-11)

Where W ,and W, able to calculated by passing through two separately
Schrodinger equations.
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2-4 Hartree—Fock Approximation

The Hartree-Fock hypothesis [80, 81] ranks among the most fundamental wave
function notions. The fundamental approximation is the central field estimate,
indicating that the potential for electron repulsion potential is calculated making
use of the total electron integral. Therefore, there is net electron and electron
repulsion. but the impact of their electrons together are ignored. In the same
year as the Hartree technique, Ferrmi and Thomas devised a computerized
representation for estimating the energy of atoms by roughly estimating how
electrons are distributed within an atom during 1927 [82]. Hartree presented his
solution to the Schrddinger equation and his hypothesized which the total wave

function of an electron system could be described as a composite of single

electron functions¥, , ¥, ,...... , ¥,
Y123 .....n) =¥, (1) Y,2) Y53 Y, (m).eooerenenn..... (2-12)
The orbital the sum of every single electrons functional ¥(1,2,3, .......,n) .

Prior to date, via Pauli Exclusion Rule did refuse to take electron spin entering
consideration[83].

It is impossible for both electrons to have an identical quantum number. On the
other hand, an orbital may house a up to a double electron maximal, Moreover,
that electron rotations are connected. As the position exchange involving two
electrons need to be asymmetrical. We obtain, the whole wave function of
many-electron systems can be expressed using a Slater determinant.

Fock used a Slater determinant to substitute Hartree's full function of waves
¥Y(1,2,3,.......,n). As the result, within the approximate Hartree-Fock, the
wave function additionally have written is what is referred to as the Slater

determinants. In this determinant, electron spin obeys Pauli's exclusion
principle.Electrons can have different values (+ %) and (- % ) for spinning up (4)
and spinning down (B). The wave function of an N-electronic system can be

expressed using the Slater determinant as [84].
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. Yir;, WYorg...... Yyry
‘P(Tl, ., TN) = \/_ﬁ IP]_ ) IPZ | N IPN L (2'13)
CWiry Wory e Yyry

1 . . .
. 1S the normalization factor .

Nk

This method can be used to solve the Schrddinger formula for a quantum

Y : is the electronic spin-orbit wave function.

system including n nuclei and n electrons. Hartree Fock methods are classified

into two types [85].
2-4-1 Restricted Hartree —Fock (RHF) Method

In order to account for the Pauli principle, electron spin must be included in
wave functions. The orbitals generated by the Hartree-Fock technique are

actually spin orbitals that are the product of a spatial wave function and a spin

function[85].

bi = Dispatiar XY,Z) A OF @i = bispariar XY,:Z) B oo (2-14)

In the spin orbital ¢; g,qriqr (X,Y,2) : is the spatial wave function that describes
the likelihood of detecting an electron in space, and A or B are spin wave
functions. During the solution of the self-consistent field (SCF) equations for a
closed shell system with all electrons coupled. The solution can be restricted so
that the spatial wave functions for paired electrons are the same. This is known
as a restricted Hartree-Fock calculation (RHF), and it is typically employed for

systems in which all electrons are coupled figure(2- 1) shows this[86].

E , ol
| &

Figure 2-1: Diagram of orbital energy levels for closed - shell systems [86].
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2-4-2 Unrestricted Hartree-Fock (UHF) Method

The assumption made in the restricted Hartree-Fock approach does not work for
open shell systems with unpaired electrons. Additionally, there are various
methods to this type of problem [85]. The unrestricted Hartree-Fock method
(UHF) is one approach that require pairs of electrons to occupy the same spatial
orbital. This approach employs twin spatial orbital groups: one has spin upward
(A) electrons the another has downward spins (B) electrons. As seen in figure

(2-2), this results in two sets of orbitals.

T
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|
: A ¥
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Figure: 2-2 Diagram of orbital energy levels for open - shell systems [85].
2-5 The Roothaan — Hall Equations and the Linear Combination
of Atomic Orbitals (LCAO)

The formulae for Roothaan-Hall include constructed from HF equation using a
linear combination of orbitals of atoms (LCAQs) and the notion of variation.

In theory, Hartree Fock problem can be solved using any traditional technique
for solving integro-differential equations. HF formulas solution with reaching
HF limitation means typical for atoms with can as achieved numerically
combination For large molecules, But solutions that are getting close to the HF
limitation cannot be practical. In reality, the HF technique yields a intricate
group of nearly unsolvable integrodifferential problems that are solvable using

ease for just one variable. In a non-orthogonal basis set, the Hartree-Fock
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formula is expressed by the Roothaan formulas that can maybe Slater-type or
Gaussian [87].

2-5-1 Slater-Type Orbitals (STOs)

The molecular wave function is known to be given by the LCAO

approximation.

These wave functions are given in spherical polar coordinates.[88].

STC (1.0, ) =Ry (1) Vi (6,8) cvveeeeeeeeeeeeeeeeeeeeeeeeeereeeeeenenn(2-15)

at which m, I, and n refer to the fundamental, orbital angular momentum, with
magnetic quantum numbers, correspondingly. Y., ( ¢,¢ ) : is a globular
harmonics. R,,; (r): The atomic functions of the radial element, R,,; (r) in the

knowledge that (STOs) can written in following way:

R (1) =N, 7™ eXD (-0 e e (2-16
nl n p

Yim (6, 0) =0, (8) P (D) +eveeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseeeeennn e (217)

N,, : represents the normalization constant, : is the orbital exponent, and these

functions are generated by a potential.

The atomic number is z, while the shielding parameter is s and n* indicates the
effective main quantum number. Based on n and I, the shielding parameter s, is
given an empirical value [89]. Slater-type orbitals (STOs) are functions of Eq.
(2-15). The value of ¢ is determined for each STO for a particular element by
minimizing the atomic energy with regard to . These values apply to every
atom of that element, regardless of molecular context. The STO foundation is
simple because it mimics the exact solution for a single electron atom. Carbon's
precise orbitals, for example, are not hydrogenic orbitals, but are similar to

them. Unfortunately, many of the integrals that must be evaluated to generate
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the Fock matrix can only be solved using an infinite series with STOs. The

truncation of an infinite series produces errors that can be big mistakes.
2-5-2 Gaussian-Type Orbitals (GTOs)

The orbitals of Gaussian include widely employed within molecules and atoms
simulations today. The readily built functions that are polycentric are the most

useful variety among these roles. Because they lack a cusp at the origin, they
are less suitable as representations of atomic orbitals than STO. Though the
values of their exponents are different, (GTOs) and (STOs) share the same

overall form [90].

GTO (1.0, b ) =R,y (1) Vi (6, D) vvoeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene . (2-19)

Ry () =N,7™ L exp (-0712) oo (2-20)

In GTO, the radial type is reliesby exp (-{r?) rather than exp ( - 7).
Understanding integrals of electron-electron repulsion can be calculated
analytically presently, while STOs is confined to numerical techniques. As
fundamental problem from GTOs as exponent falls to zero very quickly as r
increases, and there is no correct "cusp" in the center, shown in the illustration
(2-3)[91].

09 + — STO

Wave function

Figure 2-3: An analysis of STO and GTO function forms compared [91].
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2-6 Density Functional Theory (DFT)

The density functional theory (DFT) is one of the most powerful theories,
providing greater precision to Hartree-Fock theory, Ab-initio, and semi-
empirical techniques. DFT can be applied to atoms, molecules with heavy
atoms, and solids, as well as nuclei, quantum and classical fluids [92, 93]. It
describes a system's ground state characteristics, and the electronic density is
critical. Density functional theory predicts a wide range of molecular properties,
including molecular structure, atomization energies, vibrational frequencies,
electrical and magnetic properties, and ionization energies, among others. The
advantage of employing the electron density over the wave function is the
significantly lower dimensionality. DFT may now be applied to considerably
bigger systems, with hundreds or even thousands of atoms. Furthermore, DFT is
computationally straightforward. DFT has been a popular approach in first-
principles calculations aiming at explaining or even forecasting the behavior of

molecular and condensed matter systems [94, 95].

A functional is a function that is defined by another function; for example, a
density functional is used to calculate the energy for the electron density. Thus,
a wave function and an electron density are functions, whereas energy based on
a wave function or an electron density is a functional [96] . The first
publications on density functional theory were written with Pierre Hohenberg
(Hohenberg and Kohn, 1964) [97] and Lu J. Sham (Kohn and Sham, 1965) [98].

2-6-1 The Hohenberg-KohnTheorem (HK)

Theorems stated by Hohenberg and Kohn in 1964 form the formal foundations
of DFT [97] . The two Hohenberg-Kohn theorems (HK) established DFT's
theoretical foundation. The initial HK theorems only applied to non-degenerate

ground states in the absence of a magnetic field, but they have now been
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expanded to include these [99] . The theory is made up of two theorems that
Hohenberg and Kohn stated and proved:

e 1st HK Theorem: The first HK theorem shows that A density of
electrons that depends about only three positions in space uniquely
determines characteristics of a many-electron structure in the state of
ground. It lays the framework to lower the many-body problem from 3N
coordinates in space of N electrons to 3 spatial coordinates using the
functional the density of electrons [100] . In addition to an additive
constant, an understanding of the ground-state density of electrons py(r)
essentially defines the potential from the outside V. (r) for each system

that includes interacting particles in an external potential Ve, ().

e 2nd HK Theorem: The concept of the density could indicate utilized of

describe the widely applicable F[p] regarding energy in general E[p].

The global lowest level associated with this functional energy is the

precise ground case energies. . On the other side, the system's ground

case energy is provided by the functional F[p]. The lowest amount of

energy would be produced by the functional F[p] if both the entry and

ground-state density were equal.. As a result, of function might be

lowered by adjusting the density to obtain the energy in the ground
indicates given the external potential [101].

A final hypothesis can to demonstrate toward considering the calculation for the

structure's total energy (E) using densities (p):

EW)=F )+ [Voge (T)P (7)) d(T) wevoieeeieeeeieeeee (2-21)

Where V,,; (r_)) is both the external potential and F (p) the generalized

functional density given by:

EQP) =T (p) + Eine (0) + [dF Vige (T) P (T eeeooeeeoeeeeceee, (2-22)
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Because the Kkinetic idiom T (p) additionally to the electron-to-electron
connection or internal electron interaction Ej,; (p) both mostly impacted

through density of charge, they are comprehensive F (p).
2-6-2 Kohn-Sham Method

The Kohn-Sham approach has been used in solid-state physics for nearly
fifty years. The growth of exact functional of density is raised adoption using
this technique between chemicals as well as physical, primarily because that
enables appropriate handling for molecular frameworks created earlier
unattainable utilizing further traditional methods for the study of quantum
mechanics [102]. Kohn and Sham devised an imaginary system of virtual
particles with no interaction electrons in 1965 to solve the Kinetic energy
problem of conventional DFT. This last one is traveling with a localized
externally active potential, and its lower- levels characteristics and energy are
similar relative to a typical many-body interaction style [98].

KS : A means to indicate local potential is as the following:

Vies (1) = Vire (1) + Veors [0 (T) TF Ve [0 (T )]eeeeeeeeeeiaea, (2-23)

where V,,; (ﬁ represents the external potential, nuclei interaction potential,

Veow [P (r_)) represents the Coulomb interaction potential, and Vy. [p (r_)>]

represents a correlation-exchange potential.

The functional of exchange-correlation V. [p (r_))] can be calculated as the

following:
- 6EKS
v T o 2-24
ke [p (7)]= T2 (2-24)
The total energy E can be calculated as the following:
E() = [V (1) p(7r) dr+Ts[p] +J [p] *Exc [p] -oveveevvrrrnnnn. (2-25)
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Where Ts [p] represents the KS pseudo particle technique's kinetic energy, J [p]:
represents a defined densities functional, and [p]: represents an energy of
exchange-correlation. The fundamental benefit from KS technique this T [p] -
Ts [p] 1s now minimal, which indicates thatTs [p] accounts for the majority
Kinetic energy contributions Exc[p] contains the leftover fractional of the
precise Kinetic energy of the many-body unit. Since there is no mutual
interaction between the electrons in the KS system, a significance is Ts [p] the

precise with may be calculated as the following:
Ts[p1=2ZNV2 @ () oo (2-26)

0, (iﬁ with representing the KS eigen system calculations' KS orbitals

(eigenfunctions) provided [103]:

(=% V2 4+ Vs (7)) @1 (F) =& @3 (F) oo (2-27)

The KS system's kinetic energy Ts [p] wasn't stated clearly stated nonetheless, it
Is implicitly density functional in terms of the density. because of(precise) the

density p is supplied regarding the KS the orbitals [104].

D (T) =10 (B 2 e (2-28)

The last unidentified parameter in Equation (2-25) is there a functional
exchange-correlation Exc [p], which comprises all contributions of no classical
electron-electron interaction except for just a tiny amount of the actual

electronic system's kinetic energy [104].
2-7 Exchange-Correlation Functional

Correlation describes interactions between electrons inside the same molecule
[105]. It is useful in the theoretical description of many electron atoms to
consider The general potential of every electron should be equal correlation

energy of the difference between both the energy predicted by the
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implied theory of field and the precise non-relativistic energy[106]. Physically,
it relates to the velocity of the linked electrons. Hohenberg's density functional
theory, Kohn Sham's theory depends on the notion the total of a uniform
electron gas's exchange and correlation energy can be calculated precisely given
only its density [107]. The exchange-correlation functional is clearly critical to
the density functional approach's success (or failure). One of the reasons DFT is
so tempting is that even extremely simple approximations to the exchange-

correlation functional can produce good results [108].
2-8 Density Approximations

The following are the kinds of approximations density functional theory's
exchange-correlation energy functional, which depends purely Nearly the

electronic densities quantity at every point in space:
2-8-1 The Local Density Approximation (LDA)

The so-called local density approximation (LDA) is a common approximation
that locally substitutes the exchange-correlation energy density of an
inhomogeneous system by that of an electron gas assessed at the local density.
While the LDA accurately describes many ground state features (lattice
constants, bulk moduli, etc.) [106]. The main idea behind the local density
approximation (LDA) is to apply the known conclusion for a homogeneous
system to a non-homogeneous system locally[109]. The local density
approximation involves describing the functional dependency of the exchange-
correlation energy on density as a simple dependence on the density's local
value. Because the LDA is precise in homogeneous systems, it has been
assumed to be appropriate for describing physical systems where the charge
density varies slowly, such as metals[110].

The main issue with DFT is that, with the free electron gas, the exact functional

for exchange and correlation is unknown. As a result, the exchange-correlation
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energy functional E,. of a non-uniform system is calculated locally to that of a
uniform free electron gas with the same density p (r) as an integral of some

function of total electron density.
EEPATp(N] =fp (D) Exe [P (D] dreeieiiiiiiiiii e, (2-29)

Where [ p (r) E,. is the exchange-correlation energy per particle of a uniform
electron gas of density p (r) weighted with the probability p (r) that an electron
exists at this point in space [111, 112].

2-8-2 The Local Spin-Density Approximation (LSDA)

There are various enhancements to the exchange-correlation functional, one of

which is the introduction of spin dependent densities.

pT(@)andp !l (r) where pT(r)+ pl (r) =p(r) to distinguish between
spin-up and spin-down electrons and to construct a local spin-density approach
(LSDA). The exchange-correlation functional is then calculation as the
following [113].

EEPA[p T (), pl )= p(r) Excp T (), pl(Mdr..ccciiiini. (2-30)

where [ p(r) €. p T (1), p L (r) is the exchange-correlation energy per particle
of an electron gas with p T (r) , p  (r)uniform spin densities[114]. As a result,

the exchange-correlation functional (Eq. 2-30) can be divided into two terms as

the following:
EBPATp T (), pl ()= p(M)[Ex p(r),E]dr.oviiiiiiii (2-31)
EBPATp (), pd ()= p(M)[E. p(r),&]dr .o, (2-32)

Finally write the exchange-correlation functional as the following:
EZP4[p 1 (), pl(NIFESPA [p T () p L MI+ESP A [pT () p L (D] ... (2-33)

This was used in numerous practical applications of density functional theory.
The LSDA can handle systems having one or more unpaired electrons, as well
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as situations where electrons are becoming unpaired, such as molecules far from
their equilibrium geometries; it can even handle conventional molecules. For
closed shell systems [p T () =p L (r) ], LSDA is equivalent to LDA, and because
this is the most common situation, LDA is frequently used interchangeably with
LSDA, however this is not true in general [115, 116].

The reason that LSDA generally outperforms LDA is that the spin-dependent
approximation local exchange-correlation functionals are better than the spin-
independent ones. It is also so accurate for solids that it is still commonly

employed in condensed matter physics [113].
2-8-3 The Generalized Gradient Approximation (GGA)

(GGA) stands for generalized gradient approximate.lt is still local, but it also
takes of gradient the density when same dot into account:

EGATp T (M), pl]=fp @€ [pT (@), pl)VpT,Vpl] dr(2-34)
Where the density gradients Vo T, and V p | are introduced as extra local
ingredients or arguments of €4¢4[113, 117] The most often used of this type is
the exchange-correlation energy of Perdew, Burke, and Ernzerhof (PBE) in
1996 [118] .

When compared to the LDA, the approximation usually provides a superior
description of the structural properties of genuine materials, yielding ground-
state bond lengths accurate to within 0.0015 nm and binding energies correct to
within around 0.207 eV [119, 120].

As a result, the success of KS-DFT is due primarily to the fact that simple
approximations (local-density approximation LDA and generalized gradient
corrections GGA) for €,. [p (r)] and its functional derivative give practical
estimates of thermodynamical, structural, and spectroscopic characteristics of
atoms, molecules, and solids [121].
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2-9 Hybrid functional

Hybrid functionals are a type of approximate in density functional theory(DFT)
to the exchange-correlation energy functional that mixes a part of the precise
exchange from Hartree-Fock theory with the remaining exchange-correlation
energy from different sources (semi-empirical or Ab-initio). Because of exact
Rather than the density, the exchange energy functional is represented by means
of the Kohn-Sham orbits., it is referred to as an implicit density functional.

B3LYP, which stands for ""Becke, 3-parameter, Lee-Yang-Parr," is one of
the most widely used variations.

Axel Becke pioneered the hybrid approach to constructing density functional
approximations in 1993 [122]. Hybridization with Hartree-Fock (HF) exchange
(also known as exact exchange) is a simple scheme for improving the
calculation of many molecular properties, such as atomization energies, bond
lengths, and vibration frequencies, which are typically poorly described by
simple "Ab-initio".

The well-known B3LYP (Becke, 3-parameter, Lee-Yang-Parr) exchange-
correlation functional, as the following:

EB3LYP = (1 —a) ELSPA +a EHF + b AEB + (1-¢) ELSPA +c ELYP ... (2-35)

Where a=0.20, b=0.72, and ¢=0.81 E£ is a generalized gradient approximation:
the Becke 88 exchange functional, ELsP4 is the local spin density
approximation to the correlation functional, and ELY? is the Lee, Yang, and Parr

correlation functional for B3LYP [123, 124].

2-10 Basis Sets

A group of mathematical functions called a basis set is utilized to build a
system's quantum mechanical wave function [125]. These roles include
frequently atomic nuclei as its focal point, with several basic responsibility

indicating the arrangement of electrons around every atom; the electron
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distribution across the molecule is obtained by integrating atomic basis
functions. A Slater-kind orbital (STO), a sort of basis function, provides an
excellent an estimate of the wavefunctions of atomic orbits. However, because it
Is challenging to assess; to approximate the STOs, most basis sets use different
combinations of Gaussian-type orbitals (GTOs).In a basic basis set, just of bare
The minimal quantity of basis functions equals required the explain each atom's

whole set of electrons [126]. The following are some kinds of basis sets:
2-10-1 Minimal Basis Sets

The smallest possible basis set represents the having of fewest quantity of
function bases [127]. The sign STO-3G indicates that the basis set approximates
the shape of the STO orbital using a single contraction of three Gaussian
functions [128] . Minimal basis sets (Al-Adely) are used for exceedingly large
molecular as well as qualitative results in which accuracy could compromised.
Although minimum sets of base are less computationally expensive than their

larger counterparts, they often produce significantly less accurate results [126].
2-10-2 Split VValence Basis Sets

In basic groups with divided valence, inner or core orbitals of atoms are defined
using a single basic functional, whereas valency atomic orbitals are represented
by two [106]. Pople devised basic groups with divided valence, these allow the
single zeta in the core and the double zeta in the valence region to alter in
orbital size during bonding., because most chemistry focuses on the interaction
of valence electrons [106].

Most basis sets, including split-valence sets, have basis functions that are
comprised of a collection of Gaussian functions rather than a single Gaussian
function. The standard 6-31G split-valence foundation defines of contraction
scheme [106].
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The impulse represents of border from the valence (right) to the core (left). In
this case, each core basis function is composed of six Gaussian functions.

The valence space is separated into two basic functions, which are commonly
referred to as the "inner" and "outer" functions. Polarization functions are a
collection of roles that can useful applied to foundational groups to enable the
comprehensive [129]. Pople basis sets are available in the following sizes: 3-
21G, 4-31G, , 6-21G, 6-311G, and [130].

2-10-3 Polarized Basis Sets

Functions of polarization, which include supposedly roles the larger angular
guantum quantity, are a very fundamental and still useful idea [131]. As soon as
the wave function contains functions of polarization, and basis-set must be
increased to approach the precise electrical energy more closely. The basis
determined will include at least a set of d-functions, while added functionalities
include sometimes called functions of polarization. The fundamental group's
flexibility is increased with the addition of polarization functions, particularly in
defining electron density in bonding zones.

Calculations of relativity Hartree-Fock for group 15 elements along with certain
diatomic compounds. In particular, polarization example, maybe included as *
type or (d): Non-hydrogen atoms are inserted with d-type functions. It may be
presented as p-type functions appended to hydrogens (d, p) or ** type [132],
example: 6-31G (d) or 6-31G*.

2-10-4 Diffuse Basis Sets

It is the diffuse functions that inverse of functions of valence-size. That's more
advanced variant of the s- with p- Different kinds of functions. Their allow
orbitals to encircle a greater region of space. Basic group diffused parameters
were useful with relation to applications with electrons positioned

comparatively far removed from the nucleus, like anions, effective mechanisms
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with a negative charge, lone pair systems of excited states, molecules, structures
that have tiny ionized potential, as well as soon in addition to the 6-31G+ + (d)
basis set, the 6-31+G(d) basic groups includes + heavy atom diffuse functions
[129].

2-11 Programs and Computers in Use

2-11-1 Computers in Use

. Laptop core (TM)i7

. System: Windows 10
li.  Hard disk: 512 GB.

iv. CPU: 2.6 GHZ (6 cores)
V. RAM: 32 GB.

2-11-2 Programs

2-11-2-1 Gaussian 09W

A computer application called Gaussian that was initially distributed in 1970 on
Carnegie-Mellon University research group led by John Pople[133, 134]. It's
already continually restart since then. The name taken of the phrase orbital or
Gaussian function, that was selected for improve the preceding software's
ability to process that used the Slater type function or orbital. In statistics,
Gaussian functions are frequently employed to define normal distributions
[135]. All computational calculations were performed using the Gaussian 09
software (M. J. Frisch) and the GaussView graphical user interface [136].
Gaussian analyzes the molecule's energy shapes, and molecule structures'
vibrational frequencies, in addition to numerous molecule attributes created by
this core computational kinds, starting with the fundamental principles of
guantum mechanics. It's applicable to study chemicals and stable species under
a range of circumstances, including as short-lived intermediates and transition

states, that are difficult or impossible to identify experimentally [137].
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The Roothaan-Hull equation and the ability to determine the greatest number of
elements in the structure of the periodic table are the foundations of the
Gaussian program. The program's computations' correctness is dependent using
a basis group or wave function value utilized, with larger numbers resulting in
more significant results [138].

All numbers used in internal Gaussian calculations are in atom quantities to
simplify Formulas for mathematics by creating numerous One is equal to all
basic factors. An energy unit called a Hartree that is easily convertible to other

units in computational chemistry [138].

2-11-2-2 Gauss View Program

This is feasible to construct A schematic illustration of chemical compositions
by studying using the Gauss view software interface. This is a graphic editor
designed for the Gaussian software allows you to easily build an input file and
starting configuration for the Gaussian software as well as view Results of the
midway and final computations. Gauss view 06 -16 is a compilation of common
elements that function by tandem in the primary. Such enables the creation of a

graphical depiction of molecular structures [139].
2-12 Electronic Properties

2-13 Total Energy

A molecular system's total energy is the sum of total electronic energy and the
energy of inter-nuclear repulsion. A molecule's total energy, Emotecule, Can be
calculated as the sum of its electronic energy, vibrational energy, and rotational
energy:

Emo|ecu|e = Ee|ectronic + Evibration +Erorati0n ......................................... (2'36)

Both vibrational and rotational energy are connected to the motion of the nuclei

of the molecule's constituent atoms. A molecule's vibrational and rotational
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energies, like its electronic energy , are quantized, which means they can only
take particular discrete values. As a result, each molecule has an own collection
of vibrational and rotational energy levels. The following are typical values for

the disparities between nearby electronic, vibrational, and rotational energy

levels:

AEgiee. = 1-10 eV (in the visible and near-ultraviolet range)
AEyi,. ~ 10" eV (infrared range)

AEy. ~ 10" eV (microwave range)

Hence, Elec. >> Evib. >> Erot. As a result, each electronic level can support an
array of vibrational sub-levels, and each vibrational level can similarly
accommodate an array of rotational sub-levels. Fig (2-4) Like atoms, molecules
can absorb and release radiation by transitioning between the energy levels
associated with their electrons, i.e, by changing their electronic energy [140,
141].
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Figure 2-4: A molecule has two electrical energy state.[141].
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2-14 Energy Gap (Eg)

The energy gap, according to Koopmans theorem, which separates the lowest
unoccupied molecular orbital (LUMO) from the highest occupied molecular
orbital (HOMO) [142].

Eg = ELUMO - EHOMO ........................................................... (2-37)

Energy difference formed by LUMO and HOMO helps to determine of
molecule’s reactivity to chemicals kinetic stability, and how it interactions in
conjunction with different species. It molecular combination possessing a small
energy gap exhibits strong polarization, has strong reaction of chemicals, with
has limited kinetic stabilization. This referred to in the softest molecular state
[143, 144]. Figure (2-5) depicts the illustration is (HOMO) with (LUMO)
energy state and gap between bands for different molecule-to-molecule

interactions [145].
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Figure 2-5: Diagram bandgap between two molecules that interact HOMO-LUMO
[145].

2-15 Atomic Charges

Effective atomic computations were critical in applying chemical computations
into the structure of molecules. this simulations examine how atomic charges
affect electronic arrangement, polarizability of molecules, dipole moment, and
other characteristics of molecules properties [146-148] [147-149] . It is
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frequently used to define electrostatic potential [149]. Of course, Mulliken is
both the most cost-effective and fastest technique of computing costs. However,
the approach the mothed yields purely in terms of results in better. The cause of
that is obvious. This distributes the equivalent standard orbits for each of the
involved atoms, thus there will be absence of polarizing. An further problem is
that they are dependent on the basic groups, as well expanding of basis set

worsens the description [144].

2-16 Molecular Electrostatic Potential (MEP) Surface

Anytime, the MEP position of amount of energy needed for create one, which
was positive charge up to that distance from infinity [150]. It is a localized
three-dimensional attribute that may of assessed with dote in a system's area.
That may represent the allocations of charges within the molecule three-
dimensionally with color grading to show and demonstrate molecule size,
shape, and electrostatic potential value [151]. The MEP surface has been
demonstrated to be a highly helpful approach for examining the link Chemical
and physical characteristics and structure of molecular properties of molecules
such as Molecules of biology and medicines. That may of utilized in
discriminate among electron-rich (electrophilic assaults) with electron-poor
(nucleophilic attacks) regions of surface [152]. An extremely high energy of
electrostatic potential indicates relative lack with electrons, whereas a minimal

energy of electrostatic potential indicates the abundance of electrons [153].

2-17 Principles of Vibrational Spectroscopy

Molecular spectra are more complicated and include more information than
atomic spectra. Their greater complexity arises from the more complicated
structures of molecules, whereas the spectra of atoms are due only to their
electronic transitions, the spectra of molecules arise from electronic, vibrational,

and rotational transitions [154]. Hooke's Law can estimate the stretching
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frequency of a bond. In this approximation, two atoms and the connecting link
are represented as a simple harmonic oscillator made up of two masses (atoms)
coupled by a spring. A molecule can vibrate in a variety of ways, each of which
Is referred to as a vibrational mode. The absorbance wave number v may be
determined using Eq. (2-41), which is derived from the harmonic oscillator
model [155].

In which k is the atomic scale force constant and the macroscopic model spring

constant, and M,. is the reduced mass and m;,m, mas of atomas, defined by
[155].

The wavenumber unit v, which is represented in cm™, is commonly used in
vibrational spectroscopy. The reciprocal wavelength is the number of waves in

one centimeter and is provided by the following:

1 v

V= 1 = T T (2-40)

Where 1 is the wavelength and ¢ is the vacuum velocity of light (2.997925 x10°
m s Y). When the force constant is greater, the vibrational frequency increases,
indicating that the bonding between the two atoms is stronger.

These anharmonic oscillator's energy levels are roughly described by [155].
Euin=hvy [(V45) =2 (V)P oo (2-41)

Where X, is the constant of anharmonicity.

A polyatomic molecule's vibrations can be thought of as a system of connected
anharmonic oscillators. If the molecule has N atoms, the nuclear masses in the

molecule will have a total of 3N degrees of freedom of motion. Subtraction of
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the entire molecule's pure translations and rotations yields (3N-6) vibrational
degrees of freedom for a non-linear molecule and (3N-5) vibrational degrees of
freedom for a linear molecule [156]. Stretching vibrations (changes in bond
lengths) and deformation vibrations (changes in bond angles) can be
distinguished by the direction of the vibrational movement. Deformation
vibrations are classified as bending modes, twisting or torsion modes, wagging
modes, and rocking modes. Further subdivision relates to the symmetry of the
vibration (e.g., symmetric or antisymmetric, in-plane or out-of-plane) [157].
Figure 2-6 shows these modes [158].

Stretching
»Y/ y
Symmetrical Asymmetrical
Bending
— — - = T + + -
Rocking Scissoring Wagging Twisting
In plane Qut of plane

Figure 2-6: The many vibrational modes [158].

The Second Part (radiotherapy)
2-18 Kerma Concept

Kerma understands it as a function of kinetic energy released per unit mass. It is
used to indirectly ionize radiations such as photons. The advantage of kerma is
that it can identify the average energy transferred from indirectly ionizing
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radiations to directly ionizing radiations. Photon interactions, photoelectric
effect, Compton scattering, and pair production photon transfer energy to
electron of medium, then electron transfer energy to medium based on
lonization or excitation. As shown in the equation below, Kerma determines
average energy transmitted from photon to electron of medium per unit mass
[53, 159].

The Kerma unit is joule per kilogram, often known as gray (Gy). 1 Gy= 1J/1Kg.
Some of the secondary charged particles produced by photon interaction inside
a given area of material transferred energy outside the area in which it was
produced. To estimate the radiation dosage, charged particle equilibrium (CPE)
must be attained. CPE occurs when a particle departs the reaction zone carrying
a particular amount of energy to be replaced by another particle with the same
energy created outside the interaction zone. In the case of CPE, the initial

Kinetic energy of secondary charged particles generated by photons is denoted

where ME indicates converting mass to energy or vice versa; in this case, kerma
equals [160, 161] .

In absence of CPE, kerma is given an energy flow ¥ (J/m?) and a mass energy

transfer coefficient % in units of (m* /kg).

K (Gy) =¥ % =¢ hv (%)mr .............................................. (2-45)
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(% )air represents the mass energy transfer coefficient for air at photon energy
hv and ¢ photon flux.
Two approaches were used to get energy from photons created by charged

particles (electrons).

1. collision contact (soft and hard collisions)

2. Radiation interacts (bremsstrahlung and electron-positron annihilation).
These approaches distinguish two types of kerma: collision kerma K., and
radiation kerma. K4, Kerma of collision K., denotes kerma formed as a result
of electron energy loss during ionization. Kerma caused by radiation Ky is
kerma produced by secondary photons produced by bremsstrahlung. As a result,

the total kerma K can be found by the sum of two kermas [161].

2-19 Exposure

The total charge dQ (coulomb unit) of the ions of one sign created in air when
all the electrons and positrons generated by photons in mass dm (kilogram), is
defined as exposure X (R). It may alternatively be described as the number of
ions per unit volume mass of air generated by radiation. The exposure unit is

called roentgen (R).

1 roentgen( R) =2.58 *10™ C / Kg[162].

X = (2-46)

dam

"The transfer of energy (kerma) from the photon beam to charged particles at a
specific location does not result in the absorption of energy by the medium
(absorbed dose) at the same location, due to the limited range of secondary

electrons released through photon interactions."” [53]
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The initial kinetic energy (KE) of a charged particle the mean number of ion
pairs created (N) yields the average energy lost in air per ion pair formed. W, ,
In standard conditions, Wair equals initial kinetic energy (KE) divided by the
mean number of ion pairs created (N) equals 33.97x 1.602 x 10™ J/ion.
Exposure in air equal multiplying quantity of charges formed per joule of

energy deposited (e/ Wair) by collision kerma [162-164]
X=(Keor Jair (B Wair ) oovii e (2-47)

The existence of radiation can be recorded by observing the ionization of atoms

in the medium through which the radiation permeates [53].

dQ is the quantity of electric charges in coulombs, dm is the mass of air in
kilograms, and X is the exposure in roentgen (R).

The following factors are used to calculate X-ray exposure: parameters E;, the

energy flounce, the mass energy absorption coefficient ( ‘% )air , the charged
particle energy released per unit mass of air is ¥ (’% )air [165].

Exposure (R) = ¥ (‘% air (E;) ............................................... (2-49)

Where e denotes the charge of an electron.
2-20 Absorbed Dose

The International Commission on Radiation Units and Measurements (ICRU)
defines absorbed dose as "the energy absorbed by the medium that is exposed to
radiation per unit mass at the measurement point [166].

The absorption dose can be stated mathematically as the following [166].
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E: Radiation energy delivered to a particular volume mass of the material

exposed to radiation. The energy supplied to the exposed medium is equal to

E= (Epn * (Egue nt (Eip)e *(Epue et XN E. oo, (2-51)
Where (Ei,), : denotes the energy emitted by non-charged particles entering the

measuring region, ( E,,;:)n: Energy emitted by non-charged particles as they exit

the measuring region.

(E;,).: Radiated energy emitted by charged particles entering the measuring
region+( E,,; ). : Radiated energy emitted by charged particles that result in the
measuring region, ). E : It denotes the amount of energy converted to mass (a
negative value) or mass converted into energy (a positive value), i.e., the mass
of an irradiated medium. The dose absorbed is measured in joules per kilogram
(J/kg). The gray (Gy) is the term for the unit of absorbed dose [166].

2-21 Biological Effectiveness Relative

The absorbed dose (D) is the amount or quantity of radiation energy that
transfers to the medium. However, it should be emphasized that identical doses
of different forms of radiation do not result in comparable biologic effects, with
one gray of neutrons producing a higher biologic effect than the same dose of
X-rays. This is due to the differential in energy deposition pattern at the tiny
target [53]. This gives birth to the idea of relative biologic efficacy. The relative
biologic effectiveness (RBE) of test radiation (r) compared to 250 kVp X-rays is
defined as the ratio of X-ray doses to test radiation doses necessary to have the

same biological impact in the target [163].

RBE = —X i (2-52)

T

where D,, and D, are the dose quantities of 250 kVp X-rays and the actual
radiation dose, respectively [167].
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2-22 Linear Attenuation Coefficient

When a photon beam of intensity | () collides with an attenuator of thickness

(x), the intensity I (x) of the photon beam is attenuated by the attenuator.[168].
Lo = L (2-53)

I- : The first incident photon beam., L,: attenuating photon beam, u (cm™) :
The linear attenuation coefficient is social with photon energy and attenuator
kind (atomic number). known as attenuation per length unit of the attenuator.
The half value layer (HVL or x 1/2) is the thickness necessary to lower the

original photon beam to half its initial value [169].

Xy, = HVL = % .......................................................... (2-54)

The linear attenuation coefficient u (cm™) is related to the mass attenuation
coefficient u,,,(cm? /g), the atomic attenuation coefficient (cm? /atom), and the

electronic attenuation coefficient u, (cm? /electron) as the following [162]:

N NuZ
L= Uy P =pAA Ha = A o, (2-55)

where, Z and A are the density, atomic number, and mass number of the
attenuator, respectively, and Avogadro's number (Na) Na= 6.022*10%
atoms/mol. If the mass attenuation coefficient m is independent of the attenuator
density, then the mass attenuation coefficient is important for usage in the
application. For mixes and compounds, the mass attenuation coefficient is
calculated by adding the mass attenuation coefficients of their constituents
[170].

L H
- = ) I PP 2-56
L= (k) (2-56)
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Both the mass energy attenuation coefficients and the density of the attenuating
material influence photon beam attenuation. When the target is biological tissue,
attenuation is done via the Compton effect and is dependent on the electron
density, however at higher photon energies more than 6 MeV, pair creation

occurs and is dependent on the atomic number of the target [171].
2-23 Coefficient of Mass Energy Absorption

When photons interact with a target, they produce either charged or uncharged
particles that carry a portion of the photon energy outside of the initial location.
The energy is transferred to the distant point from the initial location by
secondary photons (Compton scattering, annihilation, bremsstrahlung) and
deposited in that secondary location. As a result, linear energy absorption
coefficient concept appears, which is connected to linear attenuation coefficient

as the following:

uen :‘Ll Efraction .................................................................... (2'57)

Efraction 1S the fraction of photon energy that is transmitted to the medium outside

of the primary target.

When a photon interacts with matter, some of its energy is transmitted as
secondary electron kinetic energy. The energy will be deposed by an alternative
secondary electron away from the target. Because energy is lost outside the
target during contact, two essential coefficients in the medical profession
emerge: the u.-energy transfer coefficient and u., the energy absorption
coefficient [162].

Etr
e T 2 - 58)
Uty =U Y (
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The average energy transmitted to charged particles (electrons and positrons) in

the attenuator is denoted by E,..

Een

Hom Tl mo e e (2-59)

E.,is the average energy deposited in the attenuator by charged particles. The

Uen
p

mass energy absorption coefficient (<) is defined as the fraction of incoming

photon energy that converts to kinetic energy for charge particles in a unit area.
The relevance of the mass energy absorption coefficient in radiotherapy is to
correctly calculate absorbed energy inside tissue . Mean proportion of incident
photon energy converted to charged particle kinetic energy per mass-per-unit-
area distance, excluding energy lost as radiation. At low photon energies, there
Is a relationship between the mass energy absorption coefficient and the mass
attenuation coefficient for soft elements. When photon energy rises and reaches
greater energies. bremsstrahlung and annihilation occur, there is a difference
between the mass energy absorption coefficient and the mass attenuation
coefficient prevails [171, 172].

2-24 The Relationship Between Mass Attenuation Coefficient and

Cross Section

The likelihood of interaction happening between the particle interactions and
the target is defined as the cross section. The barn is the unit of cross-section
used (1 barn = 10 c¢m ?) [170]. Photon energy and the atomic number of the
medium are two parameters that influence cross section. Pair production
interaction will be dominant in the case of high photon energy and high atomic
number[170]. There are two sections. The microscopic cross section (o), which
Is the chance of a certain reaction occurring between a photon and a target, is

represented in units of area cm? [170].
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The other cross-section is referred to as the macroscopic cross-section (u).
The macroscopic cross section is the likelihood of a certain reaction occurring
per unit of photon transit. It is connected to the microscopic cross section (o) by

the relationship illustrated below [170].

(w) : is the represent Macroscopic cross section (linear attenuation coefficient)
(cm™), N :is the represent Number of material atoms (atoms/cm®) and (¢ ):
is the represent microscopical cross-section (cm?). The total cross section for
cross sectional areas is calculated by adding all cross sectional areas together as
shown in Eq (2-56) [171] .

O-total =Zl O-l ....................................................................... (2'61)

Whereas ;.4 total cross section, o¢; individual cross section
The cross section ( o) and mass energy absorption coefficient ( ) are connected

in the following equation [171]:

N, : is represent Avogadro's number , A :is represent Mass number .

The total mass energy absorption coefficient may be calculated using equations
(2-61) and (2-62):

u v, K
2 Yt ZECE ) (2-63)

The calculation of total mass attenuation coefficients is more significant than
cross sections in radiology. The energy of the photon is one of the numerous

parameters that impact the effect of a photon beam on tissue. The photon energy
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and atomic number of the target are important parameters on which the mass

energy absorption coefficient is dependent [173, 174].
2-25 Fractionation Dose

The total dose will be divided into a number of smaller doses called fractions,
which are given on different days ". Higher total doses of radiation are often
utilized for curative therapy. For 3-8 weeks, a fraction of the amount will be
taken once a day, Monday through Friday. The overall dose is divided into
various therapy sessions with weekend rest periods, giving the healthy cells
time to recuperate [175] The foundation of fractionation is based on five

fundamental biological elements known as the five Rs of radiotherapy [176].

® Radiosensitivity.
" Repair

" Repopulation

® Redistribution

" Reoxygenation

The division of the dosae into several parts protects normal tissues by repairing
sublethal damage between dose fractions and repopulating cells. The repair of
sublethal damage is stronger in late responding tissues, whereas cell
repopulation is larger in early responding tissues. Through reoxygenation and
relocation of tumor cells, fractionation promotes tumor damage [176]. In

general 2 Gy is necessary to eliminate proliferative cell capability [176].

2-26 Sensitivity Enhancement Ratio (SER)

Radiotherapy is the use of incident ionizing radiation on a cancer tumor in order
to eradicate cancer cells. During radiotherapy, there are both remaining cancer

cells and dead cancer cells. SER is a relationship between survival cancer cells
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and destroyed cancer cells with and without nanoparticles, where SER " is the
ratio of survival cells to the beginning cells for irradiation without and with
nanoparticles " The incorporation of nanoparticles into malignant tumors is
thought to be an ideal strategy for increasing (SER). Increased SER indicates an
increase in killed cancer cells and a decrease in surviving cancer cells with and
without nano particles [177, 178].

It is mathematically described by the following equation [179].

_ number of survival maligninat cells with out NPs — number of survival maligninat cells with NPs

umber of survival maligninat cells with out NPs

A drug's dose modification factor ( DMF) is defined as the amount of radiation

necessary to create an effect without and with a medicine [179].
If DMF = 1 there will be no medication

DMF <1 effect.

DMF > 1 Improvement

The notion of DMF is analogous to the displacement of the response curve by
radiation sensitizers. Radiosensitizers, such as nanoparticles, increase radiation
damage in vivo and in vitro cancers. The sensitizer enhancement ratio is

commonly used to represent the magnitude of the sensitizing effect [180-182].
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2-27 Deriving of Theoretical Procedure

The total mass energy absorption coefficient of an organ may be calculated

using a nano-agent as the following:
(% Yotal = (P% Yorgan + (% (2-65)

This equation may be used to calculate the dose(d) for different media [169].

Hen
d(Gy) = 8.9%10° M/‘;—md S ST (2-66)
Pair

The exposure in roentgen (R) units may be determined theoretically using the

following equation [183].

_ 8 U
X=18*10%EHen/, @ i, (2-67)

Where E is photon energy (MeV), and @ is photon flow (photon/cm?).

The dose fractionation equation using nanomaterial will thus be as the
following:

Hen

Uen
Porgant /Pnanoparticales

Men/Pair

d(Gy) 8.9*10°

(’% Jorgan © IS the organ's mass attenuation coefficient, (% Ynanoparticles & iS the

nanoparticle mass attenuation coefficient. Equation (2-66) is an irradiation
dosage fractionation equation [171, 184, 185]

In radiotherapy, the biological effect (BE) on malignant cells exposed to one
radiation dose isad, which means the cells cannot repair themselves during a
single radiation shoot. In LET, the demonstrate death in this case is mitotic and
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apoptotic. When two radiation shoots hit malignant cells, the biological effect is
fd? where the quadratic coefficient constant is, § the demonstrate death in this
case is mitotic, and the total biological effect on malignant cells exposed to

radiotherapy is given by [186].

The biological impact on malignant cells exposed to n fractions dosage is
determined by two factors: fraction numbers and applied dose, which are

described by the linear quadratic irradiation equation shown below [187].
BE=N(a@d+ Bd? ) oo (2-70)
Where n is the number of fractions and d is the dose per fraction.

a (Gyh) constant for linear sensitivity (real tissue radiosensitivity).
The logarithm of the number of cells damaged irreparably per gray of ionizing

radiation dosae is the rate of cell death by single-ionizing events.

B (G y? constant for quadratic sensitivity (tissue healing ability)
Repair capacity: the logarithm of the number of cells sterilized in a repairable
way per gray squared, the maximum rate of cell killing by two ionizing events
observed when there is no repair of sublethal lesions during radiation exposure,
but total dose (D) given by multiplying the number of fractions with a single
dose [187, 188].

There is another way to construct the dose equation (2-69) for the biological
effect (BE).

BE= @D+ B D0 oeeoeeeeee oo, (2-72)
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Where D is the biological effect of the same event, and D is the biological effect
of a different event. The biological effect is rewritten in the following manner
[189, 190]:

BE=NA(L+B80) oo, (2-73)

Divide both sides of the equation to get:

BE _ pd
o nd (1+ T ) e (2-74)
BE _ d
o nd (l+ % ................................................................... (2-75)

Where ¢ /ﬁ . is the ratio of true radio sensitivity to tissue recovery ability after

radiation exposure, it is an essential factor and has a table for many examples
indicated in table (2-1) [176] .

Table 2-1: Values of the constant ¢ /,3 [176].

ifi i a
Tumor classification //),
"for early responding tissues ” 10
” for late responding tissues ” 3

Alpha is a parameter for linear cell kill that is proportional to the dosage
supplied, and Beta is a parameter for quadratic cell kill that is proportional to

dose”. Equation (2— 75) is referred to as the linear-quadratic equation.

The ratio of surviving cancer cells to original malignancy cells is the survival

curve for X-ray [191].

The surviving cells following radiation dose(d) [192].
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SZEXP (@d 4 BA%) e (2-77)
We get by substituting an expression (2-76) for an equation (2- 77).
Ng = Ny EXP (@d + BA?) cooeeeeeeeee e (2-78)

Surviving fraction is represented by equation (2-78), By substituting the

fraction dosage value into the previous equation [193, 194].
Ns-N; EXP- <1 + i) ........................................................... (2-79)

Where Ns: surviving cell number after irradiation. N; starting cell number

before irradiation. a/f : is a radio-sensitivity factor.

We derive the irradiation equation modification by replacing equation (2-66) in
equation (2-79)

g.9x10 3 ( Men/Porgan)+ (uen/Pnano

Ilen/Pair

Ne- N;EXP~ (1+

a/B

The radiotherapy equation (2- 80) is also completed by applying the exposure
equation (2- 66).

g.9+10 ~3 ( Hen/Porgan)+ (#en/p

nano) 4 g,10-8 (EMev )Xen g
Ne- N ,EXP~ (1+ en/Pair
= i

Pair )

...... (2-81)

al/p
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Chapter three Results and Discussion

3.1 Introduction

The findings of the structural and electronic features that were calculated using
the DFT method are reported in this chapter. These parameters include the
surface potential energy. The lowest energy required to achieve the optimum
structure, bond lengths, and bond angles. Electronic characteristics such as total
energy, dipole moment, and atomic charges. Infrared spectroscopy is one of the
spectroscopic characteristics. The hybrid B3LYP and density functional theory
at one function generalization approximation are applied to get the result of the
glucose particles and their adsorption with silver nanoparticles. Gaussian 09
was used to complete all computations. Gauss view 06 was used as a
supplement to locate the optimization geometries.

On the other hand, after obtaining the most stable molecular configurations of a,
— D glucose with nanoscale silver and studying its properties, the radiation dose
used in the treatment of lung cancer was calculated, as was the radiation

sensitivity of cancer cells, using special mathematical methods.
3-2 Nanoparticales molecular construction

Two different structures were built of two molecules of a — D glucose that have
been adsorbed by one silver atom(C,H,,01,AQ). There are 12 carbon atoms, 12
oxygen atoms, 24 hydrogen atoms, and one silver atom in this structure. The
second structure (CsH1,06AQ3) is made up of one o — D glucose molecule and
its adsorption by three silver atoms, to get its structural and electrical
characteristics. It was created with the Gauss View 6 software program and
optimized with the Gaussian 09 program. the final one is made up of six carbon
atoms, twelve hydrogen atoms, six oxygen atoms, and three nano silver atoms
as shown fig (3-1).These characteristics were calculated using the density
functional theory DFT and the hybrid function B3LYP using the mix basis set
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that selected for C, O, and H atoms was 6-311 + G*, whereas the LANL2DZ

basis set was used for Ag atoms.

(B)

(C)

Figure 3-1: (A) pure alpha D glucose (B) 2-alpha D glucose with AgNP,and ( C) alpha D-
glucose with 3 AgNPs drawing by camo drow program.
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3.3 Structural Properties

3-3-1 Minimize Energy

Figure (3-2) illustrates a fully optimized geometric structure, including
numbering and naming atoms. The internal coordinates represent the location of
the atoms in terms of bonds, angles, and dihedral angles. To optimize the
geometries, use theoretical B3LYP with mix basis set that selected for C, O, and
H atoms was 6-311 + G*, whereas the LANL2DZ basis set was used for Ag
atoms and no symmetry constraints. The computations are converged to optimal
geometries that correspond to real energy minima by allowing all parameters to
become more relaxed. The absence of imaginary frequencies and the
convergence of the four parameters (maximum force, RMS force, maximum
displacement, and RMS displacement) improve energy minimization. As show
in tables (3-1), (3-2)and (3-3)

Table 3-1: Parameters of compound of pure alpha -D glucose (CgH120¢).

Parameters Numerical values approach
Maximum force 0.000001 Converged
RMS force 0.000000 Converged
Maximum displacement 0.000015 Converged
RMS displacement 0.000004 Converged

Table 3-2: Parameters of compound of 2alpha -D glucose with one AgNP ( C12H2401,AQ).

Parameters Numerical values approach
Maximum force 0.000002 Converged
RMS force 0.000000 Converged
Maximum displacement 0.000040 Converged
RMS displacement 0.000012 Converged

Table 3-3: Parameters of compound of alpha-D glucose with three AgNPs ( CsH1206Ags3).

Parameters Numerical values approach
Maximum force 0.000000 Converged
RMS force 0.000000 Converged
Maximum displacement 0.000003 Converged
RMS displacement 0.000001 Converged
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Figure3-2 : Fully optimization structure are represent (A) pure alpha D- glucose, (B) alpha D-
glucose with 3AgNPs and (C)2alpha D- glucose with AgNP.
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The molecule that resulted was discovered to have converged to optimum
geometries with minimal energy equal to -687.140 Hatree ,-1520.447 Hatree
and -1124.712 Hatree respectively , the value of pure a-D glucose ,2 a-D
glucose with AgNP and a-D glucose with 3AgNPS . These molecular
structures are the most stable configurations. Figures (3-3), (3-4) and (3-5)
depict the relationship between the number of improvement steps and total
energy for the B3LPY. The best results for the thermal and electrical
characteristics of both molecule configurations (Ci,H»,0:,AQ), (CsH1,06A05)

were obtained by engineering optimization, as indicated in the table (3-4)

Step

-687.07 O 10 20 30 40 S0 60

-687.08
-687.09 o

-687.1 | *

-687.11 °

-687.12 "Seee,

-687.13 08000000000 000000 & o, °
-687.14

e o0
-687.15

Energy Hartree

8800000000000

Figure 3-3 : Total energy curve forB3LPY of structure pure a- D glucose.
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-1520.41 Step

-1520.415 .
-1520.42
-1520.425

-1520.43 \

-1520.435 ®

-1520.44 \

-1520.445 ®

Energy Hartree

-1520.45

Figure 3-4:Total energy curve forB3LPY of structure of 2- a D glucose with one

AgNP.
Step
-1124.694 o
0 5 10 15 20 25 30 35 4 45 50
-1124.696  ©
-1124.698
3 11247 °®
e
) '
= 1-1124.702
]
L 1124704 . “
P )
O .1124.706
Fet) k)
c -1124.708 ®
Ty ®
-1124.71 *
-1124.712 =
P0000000000000000000000000C0COCCOROROYS
-1124.714

Figure 3-5: Total energy curve forB3LPY of structure of o - D glucose with three of AgNPs.
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Table 3-4: Electronic and thermal properties different of structure of pure a-D glucose and
a-D glucose with sliver nanoparticles.

molecular Properties Numerical values

structures

Pure a-D-glucose  Total Energy -687.140287 Hartree
Dipole Moment 4.439068 Debye
Polarizability 83.005667 a.u.
Temperature 298.150 Kelvin
Pressure 1.00000 atm

Zero Point Energy Correction  0.196287 Hartree
Thermal Correction to Energy  0.208289 Hartree
Thermal Correction to Entropy 0.209233 Hartree
Thermal Correction to Free 0.159299 Hartree

Energy
E Thermal 130.704 kcal/mol
Heat Capacity 46.82 cal/mol-kelvin
Entropy 105.096cal/mol-
kelvin
2 a-D-glucose-Ag  Total Energy -1520.4477
Hartree

Dipole Moment 3.3422 Debye
Polarizability 223.1100
Temperature 298.150 Kelivin
Pressure 1 atom

Zero Point Energy Correction 0.399687Hartree
Thermal Correction to Energy 0.427419 Hartree
Thermal Correction to Entropy = 0.428363 Hartree

Thermal Correction to Free 0.338296 Hartree

Energy

E Thermal 260.210 Kcal/mol

Heat Capacity 103.053cal/mol.
Kelivin

Entropy 189.563 cal/mol.
Kelivin

a-D-glucose-Ag3  Total Energy -1124.71 Hartree
Dipole Moment 4.237 Debye
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Polarizability 237.590 a.u
Temperature 298.150 Kelivin
Pressure 1.00000 atm
Zero Point Energy Correction 1 atom

Thermal Correction to Energy 0.20061 Hartree
Thermal Correction to Entropy 0.219214 Hartree

Thermal Correction to Free 0.220158 Hartree

Energy

E Thermal 0147378 Hartree

Heat Capacity 137.599 Kcal/mol

Entropy 62.915 cal/mol.
Kelivin

3.3.2 Bond Lengths

The bond distance, or bond length, in molecular structure is the normal distance
between two bonded atoms in a structure. It is an atomic bond's transferable
attribute. Bond length is proportional to bond order; as the number of electrons
participating in bond formation increases, so does bond length. Bond strength
and bond dissociation energy are also inversely linked to bond length or
distance. When all of the components that contribute to bond strength are
recognized, a harder bond is smaller. The length of a bond is measured in
Angstroms 14° = 1071° m [194].

Table 3-5: bond lengths in (A) of pure a-D glucose and glucose with AgNPs at B3LYPand
mix basis set 6-311+G" and LAN2DZ.

code Assignment Bound Code  Assignment Bound
distances distances
pure a-D Glucose CgH1,06
R1 C1l-C2 1.53 R13 012-H24 0.97
R2 C2-C3 1.53 R14 C3-H15 1.09
R3 C3-C4 1.53 R15 011-H23 0.98
R4 C4-05 1.47 R16 010-H22 0.97
R5 05-C6 1.47 R17 C2-H14 1.09
R6 C6-C7 1.52 R18 C1-H13 1.09
R7 C7-08 1.45 R19 09-H21 0.97
R8 C1-09 1.47 R20 C6-H17 1.09
R9 C2-010 1.49 R21 C7-H19 1.08
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R10 C3-0O11 1.45 R22 C7-H18 1.08
R11 C4-012 1.40 R23 08-H20 0.97
R12 C4-Hl6 1.08 R24 C6-C1 1.53
a-D Glucose with 3AgNPS CeleoeAgg
R1 C15-C9 1.54 R15 Ag24-Ag27 2.68
R2 C9-C7 1.53 R16 C1-H2 1.09
R3 C7-Co6 1.53 R17 C1-H3 1.09
R4 C6-08 1.44 R18 04-H5 0.97
R5 08-C16 141 R19 C6-H11 1.09
R6 C16-C15 1.54 R20 C7-H12 1.09
R7 019-C15 1.42 R21 010-H21 0.97
R8 C15-020 141 R22 C9-H13 1.09
R9 C9-014 141 R23 014-H22 0.96
R10 C7-010 1.43 R24 C15-H18 1.09
R11 C1-O4 1.43 R25 016-H26 0.96
R12 C6-C1 1.52 R26 020-H23 0.96
R13 0O8-Ag24 2.73 R27 C16-H17 1.09

R14  Ag24-Ag25 2.77
Two alpha-D Glucose with one AgNP C1,H2401,Ag

R1 C34-C21 1.53 R26 C1-C2 1.54
R2 C21-C20 1.53 R27 C2-C3 1.54
R3 C20-C19 1.51 R28 C3-C4 1.53
R4 C19-C18 1.52 R29 C6-C32 1.53
R5 C18-C17 1.53 R30 C6-C1 1.54
R6 C17-O16 1.42 R31 C6-05 1.44
R7 016-Ag31 3.05 R32 C4-05 1.43
R8 C34-035 1.43 R33 05-Ag31 3.5

R9 C20 - 028 1.42 R34 C32-033 1.42
R10 C19-025 1.42 R35 C2-08 1.45
R11 C18-030 1.41 R36 C1-012 1.42
R12 C17-023 1.38 R37 C3-011 1.41
R13 H49-035 0.96 R38 C4-015 1.40
R14 C34-H48 1.09 R39 033-H46 0.96
R15 C34-H47 1.08 R40 C32-H45 1.09
R16 C21-H22 1.09 R41 C32-H44 1.09
R17 C20-H27 1.09 R42 C6-H13 1.08
R18 028-H42 0.96 R43 C1-H7 1.09
R19 C19-H26 1.10 R45 012-H38 0.97
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R20 025-H41 0.96 R46 C2-H9 1.09
R21 C18-H29 1.10 R47 08-H36 0.96
R22 030-H43 0.96 R48 O11-H37 0.96
R23 Cl7-H24 1.09 R49 C3-H10 1.09
R24 023-H40 0.98 R50 C4-H14 1.09
R25 016-C21 1.43 R51 H39-015 0.97

When comparing the lengths of the bonds between a-D glucose pure atoms in
the table above, there is good agreement between the results and previous
experiments using the DFT approach [195]. The length of the distance between
carbon and carbon C-C ring atoms in  both compounds
CeH1,06A03,C1oH2401,Ag |, it is similar and its value is 1.53 A°, Because by
the electronic affinity between the atoms of similarity, However, there is a
difference in the length of the bond between (C-C)CH,O0, as its value is in the
compound CgH1,05Ag31.43 A°, while in the compound C;,H»,0,,Ag 1.42, A°,
a decrease occurred in the length of the bond, due to its association with oxygen
atoms with high electronegativity and ability to attract electrons, in addition to
its association with one silver atom. Carbon-hydrogen bonding, C-H, where the
electronegativity is between two atoms, is practically same, as its value is 2.5
for carbon and 2.2 for hydrogen, therefore the distance is equal while its value is
1.09 A° in both compounds. While the hydroxyl group O-H attached to the
carbon atoms and the carbon-oxygen group C-O decreases the distance between
them and its value,0.97 A°,0.96 A° and1.41 A°,1.38 A°, respectively, in both
compounds due to the high electronegativity of oxygen, and is equal 3.44 to its

comparison with carbon and hydrogen atoms.

However, we stress that the sort of bonding between the silver atoms and the
oxygen atom is an adsorption form, and it is considered a weak binding, similar
to the Vanned Waltz forces. Its value in both compounds is 3.5 and 2.7, with the

difference related to the distance between them caused by the type of interaction
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that occurs. When compared to practical results, these results are unique and
acceptable. The computed values of bonding in glucose with Ag NPs accord
well with experiment evidence and previous theoretical studies [6, 196]. The
figure (3-6) shows the bond values of the glucose molecules before and after the

addition of silver nanoparticles.

Figure3-6: Optimized geometric structure of the bond length for represent(A) pure a- glucose
(B) a-D of glucose with 3AgNPs,(C) represent of 2 a-D glucose of with one AgNP.
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3-3-3 Bond Angles

Within the molecules, the atoms are arranged in a regular geometric structure,
and the angle bond may be described as the average distance between two
atoms linked together in every molecule, or it can be characterized as the angle
created between three atoms joined together. The bond angles are determined by
the number of single electron pairs in the chemical structure, generally

determined by degrees. Table (3-6) shows the selected bond angles determined

using DFT techniques.

Table 3-6: Bond angle in (degree) pure a-D glucose and a-D glucose with AgNPs at B3LYP

and mix basis set 6-311+G"and LAN2DZ.

Code

Al
A3
A5
A7
A9
All
Al3
Al5

Al
A3
AS
A7
A9
All
Al3
Al5
Al7

Al
A3
AS
A7
A9
All
Al3
Al5
Al7

Al19

Assignment Value  Code Assignment
pure a-D Glucose
C1-C2-C3 1114 A2 C3-C4-05
05-C6-C1 1109 A4 C7-H18-H19
C6-C7-H17 29.7 A6 C7-08-H20
C6-C1-H13 110.3 A8 C1-09-H21
C1-C2-H14 1085  A10 C2-010-H22
C2-C3-H15 110 Al12 C3-011-H23
C3-C4-H16 112.1 Al4 05-C4-012
C4-012-H24 107.4  Al6 05-C4-H16
a-D Glucose with 3AgNPs
C6-C7-C9 109.7 A2 C15-C16-08
C9-C15-C16 1141 A4 08-C6-Ag24
Ag24-Ag25-Ag27 55.7 A6 08-C6-C1
C6-C1-04 1133 A8 C1-H3-H2
C1-0O4-H5 106.4 Al10 C1-C6-H11
C6-C7-H12 108.7  Al2 C7-010-H21
H13-C9-014 1104  Al4 C9-014-H22
H15-C15-019 107 Al6 C15-019-H25
C15-C16-H17 1099 A18 C16-020-H23
2 a-D glucose with one AgNP

C17-C18-C19 1104 A2 C19-C20-C21
C21-015-C17 114 A4 015-Ag31-05
C17-H24-023 41.6 A6 C17-023-H40
C18-033-H43 1075 A8 H29-C18-033
C18-C19-H26 108.7  A10 C19-025-H41
C20-028-H42 1069  Al12 C19-C20 -H23
H22-C21-C34 108.2 Al4 C34-H48-H47
C34-C35-H49 107.2  Al6 C6-C1-C2
C2-C3-C4 109.4  A18 C4-05-C6
H46-033-C32 107 A20 C32-H44-H45
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Value

109.6
35.7
107.9
111.2
110.9
108.1
107.05
110

112.7
46.5
106.7
36
108.8
111.4
106.1
106.5
108.9

109.7
56.2
111.06
110.4
107.6
107.8
35.4
113
118.1
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A21 C32-C6-Cl 1154 A22 05-C6-H13 102.3
A23 C2-Cl-H7 106.4 A24 C2-012-H38 109.2
A25 H9-C2-0O8 1105 A26  C2-C3-H10 108.4
A27 C2-08-H36 108.8 A28 C3-011-H37 111.2
A29 H14-C4-H39 132.4 A30  C3-C4-015 112.8

When compared to glucose, the bond angle C-C-C ring for both molecules is
equivalent to 114° and 109° in the table above. Because the electron cloud
between the carbon atoms is equivalent, the value is the same. As for the bond
angle O-C-C, its value in both compounds is 106.7° and 107.6°, respectively.
We notice an increase caused by the force of repulsion between the electrons in
the outer orbits. According to the repulsion of the electronic pairs, the repulsion
of electrons in the valence shell occurs to the maximum extent possible until it

reaches the lowest energy and most stable geometric shape.

While the angle bond C-H-H has near values in both compounds C¢H1,05AQ3
and C;,H,4,0,Ag is equal to 35.5° and 36° due to the proximity of the

electronegative values of the carbon and hydrogen atoms

The angle of bonding of silver with oxygen (O-C -Ag) and (O- Ag-O ) .On the
other hand, is a weak bond of its kind vander-Wals Is forces. Due to the uneven
electric charge, the values of this bonding differ in both compounds and are
46.5° and 56. 2°. The density of electrons is greater near the molecule's tip. A

simple transient polarization (instantaneous polarization) happens.

3-3-4 dihedral angle

The le generated when two planes cross is known as a dihedral angle. The
Cartesian planes are the two intersecting planes here. Cartesian geometry is
specified for two- and three-dimensional planes, and it specifies the forms of
various things. Table (3-7) show the selected dihedral angles determined using

DFT techniques.
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Table 3-7: Dihedral angle in (degree) of pure a-D glucose and a-D glucose with AgNPs at
B3LYP and mix basis set 6-311+G and LAN2DZ.

Code  Assignment Value  Code Assignment Value
pure a-D Glucose
D1 C1-C2-C3-C4 51.6 D2 C4-05-C6-C1 -53.2
D3 H20-08-C7-H19 -166.1 D4 H13-C1-09-H21 70.5
D5 H17-C6-C7-H18 -176.1 D6 H22-010-C2-H14 46.4
D7 H15-C3-011-H23 156.4 D8 H24-012-C4+H16 164.2
a-D Glucose with 3AgNPs
D1 C6-C7-C9-C15 49 D2 C15-C16-08-C6 -53.1
D3 H3-C1-C6- H11 -59.4- D4 H2-C1-04-H5 67.5
D5 08-Ag24-Ag27- Ag25 -79.6 D6 H17-C16-020-H23 -44.1
D7 H18-C15-019-H26 -137 D8 H13-C9-014-H22 -73.9
D9 H121-018-C7-H12 168.8
2 a-D glucose with one AgNP
D1 C1-C2-C3-C4 51.9 D2 C4-05-C6-C1 -48.4
D3 H46-033-C32-C6 -61.3 D4 H44-C32-H45-033 118
D5 H13-C6-08-Ag31 51.7 D6 H14-C4-015-H39 -154
D7 H10-C3-011-H37 -164.2 D8 H36-08-C2-H9 37.8
D9 H7-C1-012-H38 160.3 D10  C17-C18-C19-C20 55
D11  C20-C21-016-C17 -61 D12  H49-035-C34-H47 -168.5
D13  H48-C34-C21-H22 158 D14  C17-015-033-Ag31 -104.5
D15  H40-023-C17-H24 -162.9 D16  H29-C18-030-H43 67
D17  H26-C19-025-H41 -65.8 D18  H27-C20-028-H42 72.4

Results in the above table indicate a difference in dihedral angles for both
compounds, due to the difference in bonds, i.e. the distance between the atoms
and the bonding angles, in addition to the rotation of those atoms from -180 to
+180. If the rotations of those atoms are clockwise, the value becomes positive.

If the rotation is counter clockwise the value becomes negative.
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3-3-5 Natural Population Analysis (NPA)

The natural charge is directly related to the compound's vibrational
characteristics and indicates how the electronic structure changes when one
atom is shifted. As a result, it has a direct link with the molecule's chemical
bonds. It has an impact on molecule electrical structure, polarizability, dipole
moment, and other characteristics [197]. The molecule's native atomic charge
distribution has been attained at B3LYP levels in the solid state. Table (3-8),
shows the achieved values of the natural charges of alpha-D glucose with

nanoparticles. The total natural charge of (C¢H1,0¢ Ags) and (CioH,401,AQ) s

ZEero.
Table 3-8: Natural atomic charges of the (CgH120s Ags)).
NO. Atoms Value NO. atoms Value
1 C1 -0.244 15 C15 -0.073
2 H2 0.256 16 C16 0.135
3 H3 0.271 17 H17 0.267
4 O4 -0.593 18 H18 0.263
5 H5 0.446 19 019 -0.626
6 C6 -0.100 20 020 -0.261
7 C7 -0.050 21 H21 0.429
8 08 -0.369 22 H22 0.411
9 C9 -0.329 23 H23 0.445
10 010 -0.618 24 Ag24 0.139
11 H11 0.260 25 Ag25 -0.297
12 H12 0.267 26 H26 0.426
13 H13 0.242 27 Ag27 -0.028
14 014 -0.608 e s

Due to hydrogen atom's strong electronegativity, all hydrogen atoms in the

molecular structure have a positive charge. According to Malikn’s charge

74



Chapter three Results and Discussion

distribution, all carbon and sliver atoms are negatively charged, with the
exception of C16 and Ag24, which are positively charged due to their
interaction with two oxygen atoms (08, 020) that have high electronegativity,
as shown in the figure 3-7.

neaative

Dositive

Figure 3- 7: The charge distbustion ofa-D glucose with 3Ag NPs.

When comparing the charge distributions in both compounds, as shown in the
table 3-9, all hydrogen atoms have a positive charge due to the flow of their
single electron towards oxygen atoms with a negative charge and high
electronegativity, whereas carbon and silver atoms have a negative charge, with
the exception of carbon 4 and carbon 17, which have a positive charge. because
of its high association with the negatively charged oxygen atom, as seen in the
figure (3-8)

Table 3-9: Natural atomic charges of the (C12H24012 AQ).

NO. Atoms Value NO. atoms Value
1 Cl -0.028 26 H26 0.228
2 C2 -0.079 27 H27 0.226
3 C3 -0.070 28 028 -0.631
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4 C4 0.010 29 H29 0.231
5 05 -0.037 30 030 -0.625
6 C6 -0.183 31 Ag3l -0.104
7 H7 0.256 32 C32 -0.218
8 08 -0.635 33 033 -0.607
9 H9 0.255 34 C34 -0..236
10 H10 0.250 35 035 -.0.640
11 011 -0.595 36 H36 0.450
12 012 -0.596 37 H37 0.419
13 H13 0.264 38 H38 0.408
14 H14 0.252 39 H39 0.415
15 015 -0.593 40 H40 0.428
16 016 -0.359 41 H41 0.430
17 C17 0.114 42 H42 0.431
18 C18 -0.021 43 H43 0.425
19 C19 -0.052 44 H44 0.223
20 C20 -0.041 45 H45 0.246
21 C21 -0.065 46 H46 0.440
22 H22 0.252 47 H47 0.280
23 023 -0.587 48 H48 0.282
24 H24 0.235 49 H49 0.446
23 023 -0.587 48 H48 0.282
25 025 -0.625 @ eeeeeeee eeeee e
negative — [J0SITIVE

Figure 3-8: The charge distbustion of 2 alpha -D glucose with one Ag NP,
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3-4 HOMO-LUMO Energy

The HOMO-LUMO energies are well-known quantum mechanical descriptors
that play a key role in the regulation of a wide range of chemical interactions.
Distribution of frontier orbitals offers information about the molecule's
reactivity and can be utilized to pinpoint the active site[198]. The HOMO -
LUMO energies for a-D glucose with Ag NPs were estimated using the B3LYP,
and the mixed basis. Because HOMO-type molecular orbitals have less energy
than LUMO-type molecular orbitals, electrons are naturally maintained HOMO

in the ground state, leaving LUMO orbits empty or unoccupied. It is possible

that every occupied MO has a pair of electrons with alpha (ms = %) or beta (m;

1 - . . . .
=-- ) spin, resulting in a net spin of zero since all of the alpha electrons cancel

out all of the beta electrons. Likewise, no unpaired electrons have been found,

supporting the zero total spin and single-single multiplicity.

Table 3-10: Energy gap of alpha-D glucose with and without Ag NPs the DFT method.

Molecule E LUMO (eV) EHOMO (¢V) ELUMO -E HOMO gap (eV)
CsH 1206 -7.253 -0.217 7.035

C12H24012Ag -0.718 -4.158 3.440

CsH1206 Ags - 0.308 - 4.666 4.358

The energies of the deepest core orbitals are almost comparable, meaning that
the alpha and beta electrons are in essentially the same spatial orbit As the
energy of the orbital increases, so does the energy differential between the alpha
and beta orbitals, resulting in uneven energies in the outer orbits. The first
compound is doing C1,H,401,Ag, 526 MOs, were created in this study; the first
106 MOs are totally filled with electrons and are referred to as occupied MOs,
while the remaining 420 molecular orbitals are vacant and referred to as
unoccupied MOs. According to the energy level alignment of these orbits, the
106th MO is the highest energy orbital among the occupied MOs while the
107th MO is the lowest energy orbital among the unoccupied ones. The HOMO
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and LUMO for the o-D glucose with AgNPs using the DFT techniques at the
mix basis sets are shown in figures (3-9) (3-10.) and (3-11) HOMO and LUMO
values for all structures are -0.718 eV, -4.158 eV,- 0.308 eV, -4.666 eV, -0.217
eV and -7.253 eV respectively, as shown in table 3-10 .The energy gap between
them is determined to be AE = 3.440 eV , AE = 4.358 eV and 7.035. By
analyzing the energy gap for both structures after adsorbing them with various
atoms of nano silver cluster, we see that as the number of silver nano atoms
grows, so does the energy gap at the molecular structure. This is owing to the
atoms' size and the electronic orbitals overlapping between the silver
nanoparticles and the oxygen atom. Because of the localized hybridization
nature of a -D-glucose and silver, the a-D-glucose HOMO and LUMO states
distributed throughout the molecule become strongly localized on O and Ag

atoms after adsorption [196].

E(LUMO) = -7.253

Excited state

Eg=7.035

E(HOMO) = - 0.217

Ground state

Figure 3-9: HOMO- LUMO state of CgH1,05 .
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E (LUMO) =-0.718eV

Excited state

Eg =3.440 eV

E(HOMO) = - 4.158 eV

Ground state

Figure 3-10: HOMO- LUMO state of C12H2401,Ag.

E (LUMO) = - 0.308 eV

Excited state

Eg = 4.358 eV

E(HOMO) = - 4.66 eV

Ground state

Figure 3-11: HOMO- LUMO state of C6H1206Ag3 .
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3-5 Molecular Electrostatic Potential (MEP) Surface

MEP has been calculated at the B3LYP using mix basis sets. The red and blue
hues indicate electron-rich and electron-poor areas, respectively, while the green
collar represents the neutral electrostatic potential. As illustrated in figure (3-12)

there are multiple possible locations for electrophilic attacks over the, Ag31,
Ag24, Ag25 and Ag27 atoms. Negative (red) MEP areas are related to
electrophilic reactivity, whereas positive (blue) MEP regions have been linked
with nucleophilic reactivity. Although areas with a negative potential are over

electronegative atoms, areas with a positive potential are above hydrogen atoms.
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(A) (B)

(C)

Figure 3-12: Molecular electrostatic potential in 3D (A) pure a-D glucose (B) a-D glucose with
3AgNPs and (C) 2a-D glucose with one AgNP.
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Only the top surface is seen if all MEP surfaces are plotted with all iso-surface
values. To view all MEP surfaces, plot each surface as a contour around the

molecule, as illustrated in figure 3-13

(A) (B)

(C)

Figure 3- 13: Molecular electrostatic potential contour surface show (A) pure a-D glucose (B)
a-D glucose with 3AgNPsand (C) 2a-D glucose with one AgNP.
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3.6 Spectroscopy Properties

3.6.1 Vibrational Frequencies & IR spectra analysis.

Both chemical structures have a different number of atoms, hence they have a
different number of vibration mode as the first compound, C;,H»,0:,Ag, has 49
atoms and 141 modes, while the second compound, CsH1,0sAQs3, has 27 atoms
and 75 modes. The vibration bands analyzed are assigned using DFT
techniques, B3LYP, with the mix basis set. Generally, it is observed from IR
spectra analysis distinctive bands from carbohydrates due to the C-O and C-C
group’s vibration modes at range 400 — 1500 cm™. In addition to the C-H and
O-H vibration group around 2900-3700 cm™ [199, 200]. The oxygenated
functional groups were taken into consideration in both when they interact
directly with silver or are not associated directly with it. The assignment of the
most influential groups is shown in figure (3-14). These wavenumbers were
found to be matched to those found in the literature for these species indicating
the possibility of adsorbed D-glucose on the silver surface, although there are a

few minor differences that can be explained by the sample's varied carbohydrate
concentration from that used in that literatures[201, 202]. Furthermore, it was

observed remarkable red shifts in frequency at the strong bands occurring at
3703 and 3460 cm™ for a—D glucose/Ag3 appear at 3615 (O4—-H5) and 3577
(010-H21) cm™, with respect to the 20-D glucose/Ag structure and this
indicates that the C—H bond is affected by the interaction of 2a—D glucose with
AgNPs cluster. Red shift means that IR spectrum of a—D glucose configuration
with a closed cluster of Ag3 shifts towards short wavelengths (high energies)
confirming the enhancement of nanoparticles surface due to the effect of
glucose that works as a camping agent[6]. Additionally, the band at 796 cm™
appears in the spectra of alpha-D-glucose/Ag structure, suggesting dependence
on C-O configuration. This is also confirmed by the frequency shift to 760 cm™

in the spectrum alpha-D-glucose/Ag3. Analysis of normal coordinates [203] has
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shown that CCO, OCO bending and C-O stretching modes contribute to the
weak band at 760 cm™.

On the other hand, the 70-300 cm™ frequency range also contains several
interesting bands that were recognized through the animation in the Gaussian
view program in the o—D glucose/Ag3 structure. Most of the bands appearing in
this region arise from normal modes vibrations involving Ag (24), Ag (25) and
Ag(27) motions. The bands at 71, 127 and 229 cm™ including Ag(24)-Ag(25)-
Ag(27) bending (sci.), Ag(24)-Ag(25)-Ag(27) stretching (symm.) and Ag(24)-
AQ(25)-Ag(27) stretching (w) motion respectively. However, the motion of
AgNPs in the 20-D glucose/Ag structure was detected at bands 94, 202 and 247
cm™ involving O(5)-Ag(31)-O(16) bending (sci.), O-Ag-O stretching (asymm.)

and O-Ag-O stretching (mw) motion respectively.

Table 3-11:; Comparison of calculated wavenumbers (cm™) for final adsorption geometries of
studied molecules indicating to the vibrational normal modes of main functional groups.

Molecular structure Most probable Type of Mode  Approximate
assignment wavenumbers/cm™
a-D-glucose/Ags v C-0 side stretch, 760
3 CCO, OCO bending
v C-0, C-C Stretching, 1,066
6 COH Bending 1,039
vC-C Stretching 1,309
d (ps) C-H Bending (sci.) 1,468
v C-H Stretching 3,037
(sym.)
v O-H Stretching 3,577
2a-D-glucose/Ag v C-0 side stretch, 796
0 CCO, OCO bending
v C-0, C-C Stretching, 1,038
o COH Bending 1,111
v C-C Stretching 1,309
d (ps) C-H Bending (sci.) 1,500
v C-H Stretching 3,073
v C-H Stretching 3,148
(asym.)
v O-H Stretching 3,640

v= stretching, 6= bending, ps= Scissoring is change in angle between a group of
atoms in the same plane.
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Sym. =symmetric, asym. = asymmetric, w= weak, s = strong, m = moderate, w
= weak,
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Figure 3-14: IR spectra of structuers of glucose with AgNPs; a-D-glucose-Ags (red), and 2 a-
D-Glucose-Ag (black) including the assignment of the most influential groups.

3-6-2 Vibrational modes

Vibration of molecules is a property caused by the periodic movement of atoms
inside the molecule. The frequency of vibration is the frequency of the periodic
movement. This vibration happens as a result of the atoms absorbing a certain
amount of energy until the molecule achieves stability. Number of vibrations
inside a molecule varies with the number of atoms in the molecule, and each
atom has a certain number of degrees of freedom. As seen in the table (3-12),
the first compound CgH;1,0¢Ags has 75 modes while the second compound
CioH,,01,Ag has 141 modes.
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Table 3-12: The number of vibrations mode of alpha-D glucose with AgNPs.

Mode

© o0 N o o M W N P

N R N RN N NN DNDNDND P P P P R P PR P e
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Frequency cm™

13

26
28.75
38.70
55.20
71.90
82.91
103.57
111.56
132.54
161.31
172.01
207.24
229.23
253.13
271.71
295.25
300.59
329.98
344.00
388.85
446.36
468.10
475.78
498.44
528.87
604.45
638.58
694.79

CeH1206A03
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Type of mode

bending
stretching
Rocking
Rocking
Rocking
Bending
Rocking
Stretching
Twisting
Rocking
Bending
Rocking
Bending
Twisting
Bending
Twisting
Rocking
Rocking
Rocking
Twisting
Twisting
Rocking
Rocking
Twisting
Twisting
Rocking
Twisting
Rocking
Rocking
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

718.89
763.35
791.16
808.09
885.46
912.31
958.43
970.94
1033.03
1060.70
1068.21
1087.01
1096.93
1113.14
1123.45
1129.35
1229.38
1237.21
1246.80
1289.00
1309.15
1332.61
1361.27
1370.13
1385.40
1393.21
1404.32
1410.17
1412.89
1444.35
1447.02
1466.70
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Wagging
Wagging
Rocking
Rocking
Twisting
Bending
Twisting
Twisting
Twisting
Twisting
Bending
Rocking
Rocking
Rocking
Stretching
Stretching
Twisting
Twisting
Twisting
Twisting
Twisting
Twisting
Twisting
Twisting
Twisting
Rocking
Twisting
Twisting
Twisting
Wagging
Wagging

Twisting
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62 1481.55 Twisting
63 1506.53 Bending
64 3005.94 Stretching
65 3032.89 Stretching
66 3041.49 Stretching
67 3066.50 Stretching
68 3073.27 Stretching
69 3087.58 Stretching
70 3114.60 Stretching
71 3577.14 Stretching
72 3615.41 Stretching
73 3715.93 Stretching
74 3745.46 Stretching
75 3791.42 Stretching
C12H24012Ag

1 10.80 Stretching
2 24.70 rocking
3 31.30 rocking
4 36.95 rocking
5 39.66 Stretching
6 53.30 Twisting
7 56.76 Twisting
8 66.25 Twisting
9 91.84 Rocking
10 99.87 Rocking
11 120.36 Rocking
12 127.24 Wagging
13 140.56 Wagging
14 155.86 Twisting
15 166.66 Rocking
16 184.96 Rocking
17 202.16 Rocking
18 211.59 Rocking
19 218.11 Twisting

20 228.47 Twisting

21 228.74 Rocking

22 245.33 Twisting

23 257.19 Twisting

24 284.35 Rocking

25 292.08 Twisting
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

299.85
313.90
319.41
32431
368.11
391.94
392.68
405.55
415.53
427.31
435.43
448.04
455.38
472.55
480.59
501.38
514.52
544.22
560.78
564.00
574.46
590.26
620.74
630.41
655.65
690.25
703.69
714.28
764.90
797.28
859.26
880.44
890.79
917.49
940.42
989.34
1009.32
1019.56
1026.21
1029.18
1035.37
1047.60
1050.80
1072.85
1082.67
1087.29
1092.56
1099.44

89

Wagging
Rocking
rocking
Rocking
Rocking
Rocking
Wagging
Twisting
Twisting
Twisting
Twisting
Rocking
Twisting
Twisting
Twisting
Rocking
Wagging
Rocking
Rocking
Twisting
Rocking
Rocking
Rocking
Twisting
Twisting
Twisting
Rocking
Twisting
Rocking
Twisting
Rocking
Rocking
Rocking
Rocking
Rocking
Rocking
Wagging
Stretching
Wagging
Rocking
Rocking
Rocking
Rocking
Rocking
Twisting
Stretching
Bending
Twisting
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74 1103.53 Bending
75 1111.97 Bending
76 1114.06 Stretching
77 1118.05 Bending
78 1125.67 Stretching
79 1143.20 Stretching
80 1145.07 Stretching
81 1176.98 Stretching
82 1206.68 Twisting
83 1215.28 Twisting
84 1242.98 Twisting
85 1245.39 Twisting
86 1248.98 Twisting
87 1264.03 Rocking
88 1271.22 Rocking
89 1275.08 Rocking
90 1305.71 Rocking
91 1307.25 Rocking
92 1330.43 Rocking
93 1336.79 Rocking
94 1345.97 Rocking
95 1354.59 Rocking
96 1359.86 Rocking
97 1366.45 Rocking
98 1377.91 Rocking
99 1382.80 Rocking
100 1386.66 Rocking
101 1405.70 Rocking
102 1413.42 Rocking
103 1415.13 Twisting
104 1421.04 Rocking
105 1423.58 Rocking
106 1429.89 Rocking
107 1434.85 Rocking
108 1439.97 Rocking
109 1440.31 Rocking
110 1444.94 Wagging
111 1457.53 Rocking
112 1459.09 Rocking
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113 1463.40 Bending

114 1487.53 Bending

115 1490.61 Bending

116 1502.73 Bending

117 1517.49 Bending

118 2985.29 Stretching
119 2992.34 Stretching
120 2996.15 Stretching
121 3019.27 Stretching
122 3043.17 Stretching
123 3055.44 Stretching
124 3063.14 Stretching
125 3070.52 Stretching
126 3072.59 Stretching
127 3078.03 Stretching
128 3109.44 Stretching
129 3113.88 Stretching
130 3130.17 Stretching
131 3148.11 Stretching
132 3459.23 Stretching
133 3634.19 Stretching
134 3641.63 Stretching
135 3699.83 Stretching
136 3703.89 Stretching
137 3729.75 Stretching
138 3760.66 Stretching
139 3763.72 Stretching
140 3779.65 Stretching
141 3799.17 Stretching
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Types of vibration modes vary according to the quantity of energy absorbed by
the atoms, and they include stretching (symmetric and asymmetric), wagging,

and bending. The illustration 3-15 shows the most prominent kinds of effective

vibration in both compounds

(A)

vibration —<————

dipole momentum

Figure 3-15: The most prominent kinds of effective vibration (A)a-D glucose with 3AgNPs
and (B) 2 a-D glucose with one AgNP.
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Another comparison with experimental and calculated wavenumbers (cm™)
from previous studies that revealed a significant correlation is presented in
Table 3-13.

Table 3-13: Comparison of experimental and theoretical wavenumbers for studied molecules
and previous studies.

Wavenumbers/cm™ (current study) Theoretical Experimental
20-D-glucose/Ag ow-D- Wavenumbers/cm™ Wavenumbers/cm™
glucose/Ags
391 391 395 [204] —
472 445 435 [204] 446 [204]
562 526 552[204] 531 [10]
796 760 751 [204] 760 [205], 754
[204]
886 — 850 [204] 806 [205]
940 967 991 [204] 996 [205], 942
[204]
1,038 1,039 1,039 [205], 1,032 [204] 1,039 [205]
— 1,093 1,090 [204]___ 1,095 [205], 1,094
[204]
1,111 — 1,110 [205], 1,103 [204] 1,108 [205]
1,174 —_ 1,170 [205] 1,176 [205]
1,246 1237 1,254 [204] 1,245 [205]
1,264 — 1,292 [205], 1265 [206] 1,284 [205]
1,309 1309 1,305 [205] 1,307 [205]
1,363 1,363 1,368 [204] 1,363 [205], 1,366
[204]
1,444 1,444 1,440 [204] 1,433 [205], 1,425
[204]
1,500 1,480 1,493 [204] 1,450 [205], 1,494
[204]
2,992 3,001 2,957 [204] 2,958 [204]
3,073 3,037 3,072 [204] 3,068 [204]
3,460 3,577 3,508 [204] 3,510 [204]

3-7 Number of surviving lung malignant cells

Lung tissue is made up of light elements with individual mass percentages of H
(10.3), C (10.5), N (3.1), O (74.9), Na (0.2), P (0.2), S (0.3), Cl (0.3), and K
(0.2), resulting in a low cross-section [207]. The cross-section of the lung is
increased by directly injecting glucose with AgNPs into the lung tumor.[72,

111, 112]. It is well known that cancerous tissue has larger vessels than
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surrounding healthy tissue [112, 208-210]. As a result, nanoparticles with
glucose injected into the tumor will concentrate more than their presence in
healthy tissue, and therefore the absorption of ionizing radiation dose inside the
tumor would be larger due to the presence of nanoparticles. The interaction of
these nanoparticles with high intensity X-rays will result in an increase in free
radicals. Following irradiation, the accumulation of free radicals product

decreases in surviving cancer cells.

Hen

The mass energy absorption coefficient ( .

) for adding nanoparticles to glucose

Is obtained from the National Institute of Standards and Technology (NIST)
[211]. The mathematical model employed the irradiation equation (2-81) for a
lung without and with silver nanoparticles containing glucose that were added
to the lung tumor. X-ray radiation with energies ranging from 2 to 15 MeV
interacts with nanoparticles containing glucose. Applying the final irradiation
equation (2-81) to the lung without and with glucose with AgNPs and X-ray
photons with energies ranging from 2 (MeV) to 15 (MeV), we get the table (3-
14) and (3-15) which illustrates a decrease in the number of surviving cancer
cells is due to the presence of glucose with 3 AgNPs, and this decrease in
the number of surviving cancer cells with increasing X-ray energy, as shown in
the tables (3- 14) (3-15).
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Table 3-14 (A): The decreasing the number of cancer cells with increasing energy with

Alpha-D glucose add 3 Ag NPs (Cs H1206AQ3).

Number of surviving cells with glucose aid Ag NPs and high energy from
(2MeV — 8 MeV)

Dose | Without Ag | E=2 MeV E=4 MeV E=6 MeV E=8 MeV
Sessions Day (Gy) | NPs

0 0 1.00x10%° 1.00x10%° 1.00x10%° 1.00x10%° 1.00x10%°
1 Saturday 2 2.00x10" 7.00x10"™° 7.00x10% 7.00x10% 6.00x10™
2 Sunday 4 4.00x10"° 5.00x10" 5.00x10"’ 5.00x10" 4.00x10"
3 Monday 6 8.00x10"" 3.00x10™° 3.00x10™° 3.00x10™° 2.00x10™
4 Tuesday 8 2. 00x10" 3.00x10™ 3.00x10" 2.00x10™ 2.00x10™
5 Wednesday | 10 3.00x10™° 2.00x10™ 2.00x10™ 2.00x10™ 1.00x10™
6 Saturday | 12 7.00x10" 1.00x10% 1.00x10% 1.00x10% 7.00x10%
7 Sunday 14 1.00x10™ 1.00x10™ 1.00x10™ 7.00x10" 4.00x10™
8 Monday | 16 3.00x10™ 7.00x10"° | 77762851532 | 5.00x10™° | 27861556243
9 Tuesday | 18 5.00x10"™ | 5223517319 | 5650914025 | 3293769199 | 1780865179
10 Wednesday | 20 1.00x10™ | 376282905 | 410643755 | 225419979 | 113829994
11 Saturday | 22 2.00x10" 27106031 29840888 15427361 7275827
12 Sunday 24 4.00x10™ 1952618 2168494 1055822 465059
13 Monday | 26 | 86214613383 | 140659 157581 72259 29726
14 Tuesday | 28 | 17310829391 10133 11451 4945 1900
15 Wednesday | 30 | 3475800708 730 832 338 121
16 Saturday | 32 | 697897847 53 60 23 8
17 Sunday 34 | 140129267 0 4 2 0
18 Monday | 36 28136226 0 0 0 0
19 Tuesday | 38 5649407 0 0 0 0
20 Wednesday | 40 1134331 0 0 0 0
21 Saturday | 42 227760 0 0 0 0
22 Sunday 44 45731 0 0 0 0
23 Monday 46 9182 0 0 0 0
24 Tuesday | 48 1844 0 0 0 0
25 Wednesday | 50 370 0 0 0 0
26 Saturday | 52 74 0 0 0 0
27 Sunday 54 15 0 0. 0 0
28 Monday 56 3 0 0 0 0
29 Tuesday 58 1 0 0 0 0
30 Wednesday | 60 0 0 0 0 0

SER 13.86 13.86 13.86 14.75
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Table 3-14(B): The decreasing the number of cancer cells with increasing energy with Alpha-
D glucose add 3 Ag NPs (Cs H1206AQ3).

Number of surviving cells with glucose aid Ag NPs and high energy
from (10MeV — 15 MeV)
Dose | Without Ag |E=10MeV | E=12 E=14 E= 15 MeV
sessions Day (Gy) | NPs MeV MeV
0 0 1.00x10%° 1.00x10°° | 1.00x10% | 1.00x10%° 1.00x10%°
1 Saturday 2 2.00x10" 6.00x10"° | 7.00x10™° | 6.00x10" 5.00x10"°
2 Sunday 4 4.00x10™° 4.00x10"" | 4.00x10" | 3.00x10"’ 3.00x10"’
3 Monday 6 8.00x10" 2.00x10™° | 3.00x10™° | 2.00x10" 1.00x10"®
4 Tuesday 8 2. 00x10" 1.00x10™ | 2.00x10™ | 1.00x10™ |  7.00x10™
5 Wednesday | 10 3.00x10"® 8.00x10" | 1.00x10™ | 7.00x10" |  4.00x10"
6 Saturday 12 7.00x10™ 5.00x10™ | 9.00x10™ | 4.00x10" 2.00x10%
7 Sunday 14 1.00x10" 3.00x10™" | 6.00x10" | 2.00x10"" | 99716319179
8 Monday 16 3.00x10™ | 16293842689 | 4.00x10" | 1.00x10" | 5162685883
9 Tuesday 18 5.00x10™ 973927119 | 3.00x10° | 8.00x10° | 267291510
10 | Wednesday | 20 1.00x10" 58214262 | 2.00x10° | 5.00x10’ 13838679
11 Saturday | 22 2.00x10% 3479624 1.00x10" | 3.00x10° 716480
12 Sunday 24 4.00x10" 207988 7.00x10° | 2.00x10° 375095
13 Monday 26 | 86214613383 12432 273 55 1921
14 Tuesday 28 | 17310829391 743 60 44 99
15 | Wednesday | 30 | 3475800708 44 15 8 0
16 Saturday | 32 | 697897847 3 3 2 0
17 Sunday 34 | 140129267 0 1 0 0
18 Monday 36 28136226 0 1 0 0
19 Tuesday 38 5649407 0 0 0 0
20 | Wednesday | 40 1134331 0 0 0 0
21 Saturday | 42 227760 0 0 0 0
22 Sunday 44 45731 0 0 0 0
23 Monday 46 9182 0 0 0 0
24 Tuesday 48 1844 0 0 0 0
25 Wednesday | 50 370 0 0 0 0
26 Saturday | 52 74 0 0 0 0
27 Sunday 54 15 0 0 0 0
28 Monday 56 3 0 0 0 0
29 Tuesday 58 1 0 0 0 0
30 Wednesday | 60 0 0 0 0 0
SER 14.75 13.95 14.83 15.64
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Table 3-15 (A): The decreasing the number of cancer cells with increasing energy with the
aid of 2 alpha-D glucose add 1 Ag NPs ( C12 H24012AQ).

Number of surviving cells with glucose aid Ag NPs and high energy from
(2MeV — 8 MeV)
Dose | Without Ag | E=2 MeV E=4 MeV E=6 MeV E=8 MeV
Sessions Day (Gy) | NPs
0 0 1.00x10° 1.00x10%° 1.00x10%° 1.00x10%° 1.00x10%°
1 Saturday 2 2.00x10" 7.00x10"° 8.00x10"° 8.00x10"° 8.00x10"°
2 Sunday 4 4.00x10™ 7.00x10" 6.00x10"’ 6.00x10"’ 6.00x10"’
3 Monday 6 8.00x10"’ 3.00x10"® 4.00x10"® 5.00x10™® 5.00x10™®
4 Tuesday 8 2. 00x10"’ 2.00x10™ 3.00x10™ 4.00x10™ 4.00x10™
5 Wednesday | 10 3.00x10™® 1.00x10™ 2.00x10™ 3.00x10™ 3.00x10™
6 Saturday | 12 7.00x10™ 1.00x10" 2.00x10"° 2.00x10" 2.00x10"
7 Sunday 14 1.00x10™ 7.00x10" 1.00x10™ 2.00x10™ 2.00x10™
8 Monday 16 3.00x10™" | 47051491303 | 1.00x10™ 1.00x10™ 1.00x10™
9 Tuesday | 18 5.00x10" | 3211035205 | 8179405293 | 10608731313 | 11579667715
10 Wednesday | 20 1.00x10% 219137519 | 619317043 | 826806407 | 911302015
11 Saturday | 22 2.00x10" 14955069 46892602 64438321 71718065
12 Sunday 24 4.00x10™ 1020611 3550550 5022091 5644101
13 Monday | 26 | 86214613383 69652 268836 391404 444182
14 Tuesday | 28 | 17310829391 4753 20355 30505 34956
15 Wednesday | 30 | 3475800708 324 1541 2377 2751
16 Saturday | 32 | 697897847 22 117 185 217
17 Sunday 34 | 140129267 0 9 14 17
18 Monday | 36 28136226 0 1 1 1
19 Tuesday | 38 5649407 0 0 0 0
20 Wednesday | 40 1134331 0 0 0 0
21 Saturday | 42 227760 0 0 0 0
22 Sunday 44 45731 0 0 0 0
23 Monday | 46 9182 0 0 0 0
24 Tuesday | 48 1844 0 0 0 0
25 Wednesday | 50 370 0 0 0 0
26 Saturday | 52 74 0 0 0 0
27 Sunday 54 15 0 0 0 0
28 Monday | 56 3 0 0 0 0
29 Tuesday 58 1 0 0 0 0
30 Wednesday | 60 0 0 0 0 0
SER 13.7 12.9 12.9 12.9
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Table 3-15(B): The decreasing the number of cancer cells with increasing energy with the
aid of 2 alpha-D glucose add 1 Ag NPs ( C12 H24012AQ).

Number of surviving cells with glucose aid Ag NPs and high energy from
(10MeV — 15 MeV)
Dose | Without Ag | E=10 E=12 MeV E=14 MeV E= 15 MeV
Sessions Day (Gy) | NPs MeV
0 0 1.00x10°° | 1.00x10® | 1.00x10% 1.00x10%° 1.00x10%°
1 Saturday 2 2.00x10” | 8.00x10" | 9.00x10" 8.00x10™ 8.00x10™
2 Sunday 4 4.00x10"° | 6.00x10"" | 7.00x10" 7.00x10"" 6.00x10""
3 Monday 6 8.00x10"" | 5.00x10"® | 7.00x10™ 6.00x10"° 5.00x10"°
4 Tuesday 8 2.00x10"" | 4.00x10™ | 6.00x10™ 5.00x10" 4.00x10"
5 Wednesday | 10 3.00x10° | 3.00x10™ | 6.00x10" 4.00x10™ 3.00x10™
6 Saturday | 12 7.00x10" | 2.00x10" | 5.00x10" 4.00x10" 2.00x10"
7 Sunday 14 1.00x10" | 2.00x10" | 5.00x10% 3.00x10"™ 2.00x10"™
8 Monday 16 3.00x10™ | 1.00x10™ | 4.00x10™ 3.00x10™ 1.00x10™
9 Tuesday | 18 5.00x10" | 1.00x10™ | 36676808035 | 22403757275 | 10405275770
10 Wednesday | 20 1.00x10" | 915666506 | 3280881853 | 1897292490 | 809206849
11 Saturday | 22 2.00x10" | 72095982 | 293487528 | 160674781 62931126
12 Sunday 24 4.00x10™ 5676554 26253591 13606961 4894084
13 Monday | 26 | 86214613383 | 446950 2348485 1152324 380608
14 Tuesday | 28 | 17310829391 | 35191 210081 97586 29599
15 Wednesday | 30 | 3475800708 2771 18793 8264 2302
16 Saturday | 32 | 697897847 218 1681 700 179
17 Sunday 34 | 140129267 17 150 59 14
18 Monday | 36 28136226 1 13 5 1
19 Tuesday | 38 5649407 0 1 0 0
20 Wednesday | 40 1134331 0 0 0 0
21 Saturday | 42 227760 0 0 0 0
22 Sunday 44 45731 0 0 0 0
23 Monday | 46 9182 0 0 0 0
24 Tuesday | 48 1844 0. 0 0 0
25 Wednesday | 50 370 0 0 0 0
26 Saturday 52 74 0 0 0 0
27 Sunday 54 15 0 0 0 0.
28 Monday | 56 3 0 0 0 0
29 Tuesday 58 1 0 0 0 0
30 Wednesday | 60 0 0 0 0 0
SER 12.9 12.5 12.8 12.9

Because the vascularity of cancer tumors is greater than that of healthy tissue,

AgNPsadd o-D glucose are predicted to be more concentrated within tumors

than in healthy tissue. The target has already been injected with nanoparticles
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with a high mass energy absorption coefficient, the quantity of absorbed dose
by the tumor, particularly the ionizing zone, would increase.

This would increase the amount of malignant cells killed when compared to the
same target at same energy but without nano-particles[212]. The energy of x-
ray beam may be regarded another component that may aid in the improvement
of the radio-sensitivity ratio due to its significant contribution in boosting the
quantity of free radicals' yield, which can lead to an increase in the number of
damaged cancer cells. In this study, it was discovered that the SER was It
increases by increasing the energy in the presence of silver nanoparticles with
glucose as shown in table 3-14 At the lowest value of energy (2 Mev), the SER
Is 13.8, and at the highest value of energy at (15Mev). We find that the value of
SER has increased w ith the increase of energy and has become 15.64. An
increase in the number of destroyed cancer cells. An increase in destructive
cancer cells offset by a decrease in the number of radiotherapy sessions. As
show in figure (3-15) Compared to prior studies, the a-D glucose molecules
adsorbed with silver nanoparticles gave precise and good results
regarding radiation sensitivity. in this study was found that the value of
radiation sensitivity using a-D glucose absorbed on silver nanoparticles is 15.68
from energy 15 Mev greater than. The value of radiation sensitivity while using
only silver is equivalent to 14.70 at the same amount of energy this is a good
improvement in the value of radiation sensitivity as show in the figure 3-16
[213].
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Figure 3-16: Compars SER of lung with the presence of 3 silver nanoparticles with a-D glucose
(CsH1206Ag3) and X-ray energy ranging from 2 to 15 (MeV) with the presence of 3 silver
nanoparticles with a-D glucose (CsHi1206Ag3) and X-ray energy ranging from 2 to 15 (MeV)
between thyrtical study(Blue column) and pruivoues study (red column) [219].

|

In figure (3-16), when the energy delivered to the organ (lung) is increased from
2 MeV, 4 MeV and 6 MeV, the radiation sensitivity is equal to 13.8 in all
energy levels. When the energy is increased, the lung organ's compound
and energy absorption coefficient remain unchanged. Furthermore, increasing
the energy from 8 MeV to 10 MeV results in an increase in radiation sensitivity
of 14.7. This is due to an increase in the energy absorption coefficient of the
molecule and the organ, leading to an increase in the reaction's cross-sectional
area. When the energy increases to 12 mega-electronvolt, the radiation
sensitivity drops to 13.9. This is due to a drop in the values of the mass-

energy absorption coefficient for both the human organ and the compound, as
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shown in the figure (3-17). The connection between the energy delivered to the

organ and the mass-energy absorption coefficient [211].

LUNG TISSUE (ICRU-44)
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Figure 3-17: The relastionship between photon energy and mass-energy absorption
coefficient of lung [217].

Finally, increasing the energy from 14 MeV to 15 MeV results in a gradual
increase in radiation sensitivity levels ranging from 14.8 to 15.6. On the other
hand, radiation sensitivity is greatest when the energy applied to the organ is as
high as possible, which is offset by reducing the number of radiotherapy
sessions to 15 instead of 30, i.e. the number of sessions has been reduced in
half, and this result is good and identical to the practical results.

In general, the results of both tables 3-14 and 3-15 showed a decrease in the
number of radiotherapy sessions, and this decrease can be estimated from 11-15

sessions, i.e. almost half of the radiotherapy sessions (30 sessions). Table 3-15
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data, on the other hand, showed a decrease in SER values despite an increase in
energy in the presence of two glucose molecules with one silver atom
C1,H2401,AQ) as show figure (3-18). The drop in SER values may be explained
at the maximum energy of 15Mev, which is equivalent to 12.9. There are two
possible explanations for the reduction in radiation sensitivity. The first
explanation is that the compound has an abundance of glucose molecules, which
Is compensated by a poverty of silver nanoparticles. Glucose is the body's main
supply of energy. The a-D glucose molecule can take as much energy from the
lung organ as possible and deliver it to the body. This results in a drop or loss of
a portion of the radiation interaction with silver atoms, i.e. a decrease in the
reaction's cross-sectional area, followed by a decrease in the radiation
sensitivity value. in comparison to the compound (CsH1,O¢AQ3). The second
reason is the variance (increase and decrease) in the mass energy absorption
coefficient of the silver atom, as shown in the illustration (3-19), which causes

fluctuation in the radiation sensitivity value as the energy increases.

13.8 13.7

SER

136 lung SER with 2 glucose add one sliver atone
134
132

13 12.9 12.9 12.9 12.9 12.9
128 12.8
12,6

12.5
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E(2Mev) E(4Mev) E(6Mev E(8Mev)  E(10Mev)  E(12Mev)  E(14Mev)  E(15Mev)
Energy (Mev)

Figure 3-18: The enhancement of lung SER with the presence of one silver nanoparticle with
20-D glucose (C12H24012Ag) and X-ray energy ranging from 2 (MeV) to 15 (MeV).
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Figure 3-19: (A) Relastionship between photon energy and mass-energy absorption
coefficient of sliver. (B) relastionship between photon energy and mass-energy absorption
coefficient of C1,H24012Ag [217].

According to the data in tables 3-14 and 3-15, the number of remaining cancer
cells decreases gradually with both compounds, with increasing doses of
radiation in the presence of glucose molecules with silver nanoparticles at high
X-ray energies until it reaches the absence of cancer cells, that is, all malignant
cells were killed. The decrease in the number of remaining cancer cells is offset
by a decrease in the number of radiation sessions, as shown in the figures
below. This can be considered as an advancement in the treatment of malignant

diseases in general, and lung cancer in particular.
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Figure 3-21: Relastionship between energy and sessions radio tharpy existence two alpha -D
glucose with one sliver nanopartical.
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Figure (3-20) and (3-21) show the relationship between the number of
radiotherapy sessions in the presence and absence of a-D glucose with silver
nanoparticles with high energies of the X-ray rays. By using the energy of the
X-ray rays without a-D glucose with the silver nanoparticles, malignant cells
disappear at30th session, which is equivalent to the dose delivered from
radiation 60 Gy for a period of approximately six weeks. However, in the
presence of a-D glucose with silver and high energies of X-ray radiation when
the energy is equal to 2 Mev, the cancer cells were found to fade at the 17th
session, which is approximately 34 Gy of the administered dose, with a
treatment period estimated at three to four weeks, and this is a significant
iImprovement in the treatment period. However, in figure (3-20) when the
energy increases from 2 Mev to 15 MeV, it was found that the cancer cells fade
and die at the 15th session, approximately. 30 Gy of the dose of radiation
delivered during a treatment period estimated at three weeks. This reduction in
the number of treatment sessions for patients gives patients a greater chance of

recovering from the disease.

On the other hand, with increasing the energy from 2 Mev to 15 MeV, it was
found that the cancer cells fade and die obtained at the 19th session,
approximately as shown in figure (3-21). 38 Gy of the dose of radiation

delivered during a treatment period estimated at four weeks.

Figures 3-20 and 3-21 show a reduction in the treatment time frame or the
number of radiation treatments. It was found that the number of radiation
treatments might be reduced to three or four weeks, depending on the type of
chemical injected with high X-ray energy. This method is considered an
improvement or enhancement of the therapeutic methods for cancerous
diseases. When the findings of this study were compared to previous experiment
[214-216] investigations, they gave good results and content for improving

radiotherapy.
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3-8 Conclusions

The application of density functional theory to the hybrid function B3LYB and
the set of the mix basis set that selected for C, O, and H atoms was 6-311 + G*,
whereas the LANL2DZ basis set was used for Ag atoms. It yielded profitable
and promising results in the electrical and structural characteristics of the a-D
glucose molecule before and after adsorption by silver Nanoparticles. To
achieve the most stable structural arrangements. Inserting them into
mathematical formulae to improve radiation therapy by estimating the radiation
sensitivity of the cells and calculating the number of destroyed cancer cells in
the lung. Review the most important conclusions obtained in this study, which

are as the following:

1- Obtaining the optimum structural configurations of a-D glucose before
and after the addition of silver nanoparticles, where the total energy of
CeH1,Os was -687.140 Hatree. The value for the compound was
C1oH24010Ag -1520.447 Hatree, and the value for the compound was
CeH1206AQ3 -1124.712 Hatree.

2- The length of the bond in both compounds C;,H,,01,AQ), (CsH1,06Ag3)
at C-C and C-H is identical, with values of 1.53 A  and 1.09 A’
respectively, however, there is a tiny variance in the hydroxyl group, with
values of 0.96 A" and 0.97 A". Ag- O bonds with, having values of 2.73 A’
and 3.5 A respectively.

3- The bond angle for both compounds at C-C-C is equal and its value is
114.109 degrees, the angle bond C-O- Ag for the complex CsH1,0sAQ5 is
equal to 46.5 degrees, while the angle bond O-Ag-O compound
(C12H2401,A0) is equivalent to 56.2 degrees.

4- Dihedral angle of both compounds were found to be different due to the
difference in the level in which the atoms rotate clockwise or

counterclockwise.
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5- The energy gap increases with the increase of silver nanoparticles.

6- There is good agreement between the infrared spectrum and the functional
group and their experiment values.

7- The vibration modes increase with the increase in the number of atoms
involved in the formation of the compound.

8- The improvement of the sensitivity enhancement ratio was raised by
increasing the high energies of X-rays in the presence of glucose with
silver nanoparticles, as its values for both compounds reached the highest
energy values of 15.6 and 12.9.

9- Increasing the dose of radiation delivered to the organ with the high
energy of X-rays in the presence of a-D glucose with silver nanoparticles
corresponds to a decrease in the number of destroyed cancer cells.

10- By increasing the dose of radiation with an increase in the high energies
of x-rays in the presence of a- D glucose with silver nanoparticles, the

number of radiation treatment sessions was reduced by nearly half.
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3-9 Future work

1- This study's mathematical model is accessible to improve SER in
radiation clinical physical planning. It should be noted that the concept of
SER enhancement is confined to radiotherapy utilizing high photon X-ray
contrast agents with nanoparticles.

2- The mathematical model described uses B-d glucose with AgNPs as a
starting point for radio sensitizing contrast agents; however, a more
promising candidate for additional study may youed with atomic number
(53) and blatian in atomic number (78).

3- Because tumor vasculature is irregular and broader than normal tissue,
the nanoparticle distribution in the tumor is still greater than in healthy
cells surrounding the tumor tissue, therefore we may use this attribute to

detect the cancer tumor using X-ray methods.
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