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ABSTRACT

Synthesis Of Silver, Cupper and Bimetallic Nanoparticler Using Quercetin
and Gallic Acid: Optical and Microbial Properties

Alla Ahmad Muhamad AMIN

Master's Thesis

FIRAT UNIVERSITY
Graduate School of Natural and Applied Sciences

Department of Chemistry

July 2021, Page: xii + 64

Gallic Acid is a polyphenol and Quercetin is a flavonoid structure, both of which are quite powerful
antioxidants and biologically active compounds. One of the important application areas is the
pharmaceutical industry. Studies have shown that these substances have anticarcinogenic, antioxidative,
antimutagenic, antiallergic and anti-inflammatory effects. Various metallic nanoparticles (NP) obtained
from these phenolic compounds have found wide research area especially in the field of nanomedicine. As
nanotechnology develops, the usage area of these nanoparticles, which have a size of 1-100 nm, is
expanding day by day in the field of medical chemistry, materials science and advanced technology
products and pharmaceuticals

In this thesis study, optimal pH to form nanoparticles of silver, copper and their different
combinations (Quercetin Ag/CuNP, Gallic Acid Ag/CuNP, Quercetin+Gallic acid AgNP, Quercetin+Gallic
acid CuNP, Quercetin+Gallic acid AgCuNP) using quercetin and gallic acid were determined. The
synthesized nanoparticles were characterized using UV-VIS spectrophotometer, X-ray diffractometer
(XRD), Fourier transform infrared spectroscopy (FTIR), energy dispersive X-ray spectroscopy (EDS) and
scanning electron microscopy (SEM).

The minimum inhibition concentration (MIC) values of the synthesized nanoparticles against human
pathogens such as Escherichia coli and Staphylococcus aureus were calculated. It was determined that the
MIC values of nanoparticles obtained from Gallic acid and quercetin were quite effective compared to

Gallic acid and quercetin.

Keywords: Quercetin, Gallic acid, Silver nanoparticle, Copper nanoparticles, Bimetallic nanoparticles,
Optical Property, Antimicrobial, Minimum Inhibition Concentration (MIC).

vii



OZET

Kuersetin ve Gallik Asit Kullanilarak Giimiis, Bakir ve Bimetalik
Nanoparcaciklarin Sentezi; Optik ve Antimikrobiyal Ozellikler

Alla Ahmad Muhamad AMIN

Yiiksek Lisans Tezi

FIRAT UNIVERSITESI
Fen Bilimleri Enstitiist

Kimya Anabilim Dali

Temmuz 2021, Sayfa: xii + 64

Gallik Asit polifenol, Kuersetin ise flavonoid yapisinda olup her ikisi de olduk¢a giiclii antioksidan ve
biyolojik olarak aktif bilesiklerdir. Onemli uygulama alanlarindan biri ilag endiistrisidir. Bu maddelerin
antikarsinojenik, antioksidatif, antimutajenik, antialerjik ve antiinflamatuar etkileri oldugu yapilan
caligmalarla belirlenmistir. Fenolik yapidaki bu bilesiklerden elde edilen gesitli metalik nanopartiikiiller
(NP) ozellikle nanotip alaninda genis arastirma alani bulmustur. Nanoteknoloji gelistikge 1-100 nm boyuta
sahip bu nanopartikiillerin tibbi kimya, malzeme bilimi ve ileri teknoloji iriinleri ile eczacilik alaninda
kullanim alani giin gegtikce genislemektedir.

Bu tez calismasinda Kuersetin ve Gallik asit kullanilarak giimiis, bakir ve bunlarin farkli
kombinasyonlarinda (Kuersetin Ag/CuNP, Gallik Asit Ag/CuNP, Kuersetin+Gallik asit AgNP,
Kuersetint+Gallik asit CuNP, Kuersetin+Gallik asit AgCuNP) nanopartikiiller olugturmak i¢in optimal pH
belirlendi. Sentezlenen nanopartikiiller, UV-VIS spektrofotometre, X-1sin1 difraktometresi (XRD), Fourier
donistimii kizilotesi spektroskopisi (FTIR), enerji dagitict X-1sin1 spektroskopisi (EDS) ve taramali
elektron mikroskobu (SEM) kullanilarak karakterize edildi.

Sentezlenen nanopartikiillerin, Escherichia coli, ve Staphylococcus aureus gibi insan patojenlerine
karst minimum inhibisyon konsantrasyon (MIC) degerleri hesaplandi. Gallik asit ve kuersetinden elde
edilen nanopartikiillerin MIC degerlerinin Gallik asit ve Kuersetine gore oldukga etkili oldugu belirlendi.

Anahtar Kelimeler: Kuersetin, Gallik asit, Giimiis Nanopartikiil, Bakir nanopartikiiller, Bimetalik
nanopartikiil, Optik Ozellik, Antimikrobiyal, Minimum inhibisyon Konsantrasyonu (MIC).
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1. INTRODUCTION

Nanoparticles include specific physical, chemical, and biological properties. Describe the
characteristics as the group departments with the branch can access them. Due to its sound
antimicrobial effects, in particular, nanoparticles of the mineral have been found for use in
pharmaceutical and industrial sectors where specific assets are possible [1].

Score-scale factors that achieve the ratio of surface area to the volume are very high, and
single chemical and physical defences make their potential antimicrobial agents [2,3]. Silver
nanoparticles (AgNPs) can be used in electronics, bio-sensing, apparel, foods incense, incense,
cosmetics, and beauty and NPS is widely used in commercial quantities. Its accepted use
increases the human impact on NP and the potential danger associated with its brief and toxic
toxicity [4]. Of nanoparticles, in specific, nano-powders with extraordinary properties, such as
high surface to volume ratio, low heat power, dispersibility, wettability, sticking nature, size
range, and versatility in use, has gained the attention of science. Metals and oxides in metals and
nano-powder based on ceramics have been recorded as the most commonly used in environmental
and energy systems. Typical examples of nanoscale metal powders are including Silver (Ag),
Gold (Au), Platinum (Pt), Palladium (Pd), Rhodium (Rh), Nickel (Ni), Iron (Fe), Cobalt (Co),
Cadmium (Cd), Copper (Cu) and Iridium (Ir) are all metals. Belongs to for cloth oxide,
Manganese dioxide (MnQO,), Titanium dioxide (TiO,), Zinc oxide (ZnO), four of the strongest
examples are Copper oxide (CuO), Iron oxide (Fe,0;), and Cerium dioxide (CeQ,) [5,6].

However, the most important advantage of NPs is that it does not cause bacterial resistance,
which is currently the biggest problem in the treatment of bacterial mastitis in AgNPs cows,
CulNPs, and Silver particle complex copper (AgCuNPs) in different studies from different
scientific fields [7]. Also, the colloids of these NPs are widely available and inexpensive
commercially. The previously mentioned studies have mainly focused on in vitro testing, but the
results can also be used in practice, for example, in the treatment of mastitis and obstructions [8].
NPs must be prescribed as effective agents against pathogenic species that cause udder infection
to achieve this goal [9]. Therefore the authors of these articles decided to set up a series of
experiments to assess whether AgNPs and CuNPs can be used in the treatment and prevention of
subvocal inflammation, for example, a needle and a needle in addition to the antiseptic
preparations before [10]. However, mineralized NPs may not be toxic to external glandular tissue
in cattle and should also be safe for humans. Consequently, the studies that have been conducted
should include the effect of NPS on human and animal cells [11].

Among metal nanoparticles, Copper nanoparticles (CuNPs) continued to increase globally
due to their optical, electrical and melting equity [12]. Confusion is cost-effectively related to

Silver (Ag), Gold (Au), also Platinum (Pt) [13]. Interest is clear against the literature this stable



CuNPs fusion is difficult to work, and different methods of CulNPs synthesis have been advanced,
including physical, chemical, and biological action [14]. Copper and CuNPs accept in incorporate
from different plant extracts. Plant extracts of magnolia leaves, Ciumium aromatic, Euphorbia
Giulia, Sterculia Uranus, and Euphorbiaceae contain biomolecules in the latex, reducing Copper
ions to CulNPs [15,16]. Ask questions around the nanoparticle based in vegetative stratum, which
has been shown to exert biological activities like antibacterial, antioxidant, and antitumor agents
[17,18].

Researchers have developed several synthetic routes for the fabrication of nanoparticles
that revealed a notable benefit to nature & the environment through safe, non-toxic, and
environmentally acceptable methods of "green chemistry," which included organisms such as
bacteria, fungi, plants [19]. Many researchers and scientists have shown great power in their
unique characteristics and found that they have particular applications in different fields, but
numerous materials of nanoparticles have reported toxicity at the nanoscale level. To overcome
the toxicity issue, nanotechnology and green chemistry merge to produce nanoparticles that are
friendly to nature via plants and microbes, etc [20]. Due to its antimicrobial activity, Silver has
been selected in either NPs or ionic form and less toxicity to mammalian cells [21].

In this thesis study, the optimal conditions (pH, substance amount temperature and time) to
form nanoparticles in Silver, Copper, and different combinations (Quercetin Ag/CuNP, Gallic
Acid Ag Cu/NP, Quercetin + Gallic acid Ag/NP, Quercetin + Gallic acid CuNP, Quercetin +
Gallic acid AgCuNP) using Quercetin and Gallic acid were determined. The synthesized
nanoparticles were characterized using UV-VIS Spectrophotometer, X-ray Diffractometer
(XRD), Fourier Transform Infrared Spectroscopy (FTIR), Energy-Dispersive X-ray Spectroscopy
(EDS), and Scanning Electron microscopy (SEM). Moreover, Minimum Inhibition Concentration
(MIC) values were calculated against human pathogens such as Staphylococcus aureus and

Escherichia coli.

1.1.  Quercetin

Quercetin is part of the quercetin family of flavonoid-derived polyphenols. This word has
been in use after all 1857. Quercetin is present in plants like apples, red wine, onions, and
broccoli, a significant origin of quercetin. Several researchers have demonstrated the careful
effects of quercetin across various contamination such as respiratory disease, cardiovascular
disease, cancer, and neurodegenerative confound. Quercetin has been advertised to modulate
intracellular signalling pathways. Quercetin also controls the behaviour of individual Kinases that
alter the phosphorylation case of object molecules, leading to the in flexion of cell activity and
wound-healing RNA expression [22]. Quercetin is a naturally occurring flavonoid. It is a natural

inhibitor of the transport of polar auxins. The ability to quercetin is emulsifiable in ether, and
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methyl-alcohol is also soluble in ethyl-alcohol, propanone, pyridine, acetic acid there in water

insoluble [23].

OH O

Figure 1.1. Chemical composition of quercetin 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-
one

Quercetin is a polyphenol flavonol. It is present in many fruits, berries, leaves, seeds, and
grains, red onions, and kale are common foods containing large amounts of quercetin. The
quercetin is an important natural free radical chemical agent and easily forms complexes with
many metals. Molecular Formula: C;sH,,0;, molecular weight: 302.2357 gr/mol, common name:
quercetin (3, 5, 7, 3', 4'-pentahydroxyl flavone) this consists of two connected aromatic rings (A
and B) with a loop of C-prone. It is expected that the most acidic hydroxyl group that’s the
location of the A ring at seven. Physical state: Yellow crystalline powder, Melting Solubility [24-
26].

Quercetin (Figure 1.1) is one of the most common flavonoids in the human diet and is
found in fruits, vegetables, edible blight, herbs, or related products (apples, onions , ginkgo
leaves, red wine) [27-29]. While pharmacokinetic, as well as knowledge on Quercetin bio-
availability is scarce and inconsistent. Quercetin has many positive effects such as antioxidants,
anti-tumour, and antibacterial activities. This has thus attracted a great deal of attention [30].
Quercetin has many biological effects, such as an effective inhibitor, Effect on the development
of several lines of animal and human cancer cells [31], cardio protection, anti-cancer, anti-ulcer,
anti-allergic, anti-inflammatory, anti-inflammatory, Increases the ant proliferative effects of
cisplatin in-vitro and in-vivo [32] and antiviral, ant proliferative activities [33]. Also, the
antioxidant Quercetin exhibits property and effectiveness against diseases of neurodegenerative
origin [34,35]. Nuengchamnong and others stated that Quercetin antioxidant activity is higher
than the well-known Trolox, Ascorbyl, and Rutin antioxidant molecules [36].

This is due to the number and role of the free hydroxyl groups in the Quercetin molecule
[37]. Thus, the pharmacological effects of Quercetin, including anti-tumour [38] and effective
wound healing; have been extensively investigated [39]. Therefore, to increase the solubility of
Quercetin, a stable, safe, and efficient distribution method is required. Alternative forms of
Quercetin have been developed, such as liposomes and nano-capsules, reducing the dosage and

enhancing the treatment compound effectiveness [40].
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1.2. Gallic acid

Gallic acid (really acknowledged like 3,4,5-trihydroxy benzoic acid) is a trihydroxy
benzoic acid including the shape C¢H,(OH);CO,H. Walnuts, sumac, witch hazel, tea leaves, oak
bark, and some more tree contain phenolic acid. Walnuts, sumac, witch hazel, tea leaves, oak
bark, and some more trees contain phenolic acid. This form knowledge about the Folin-Ciocalteu
reactions and the exact reason for choosing Gallic acid is used the standard.

The reasons are: partly for historical reasons; furthermore, it is cheap, soluble in water,
easily recrystallized from water, easily dried, and stable in dry form. The plant contains in nature
Gallic acid and its derivatives, including bark, wood, leaf, fruit, root, and seed, in almost every
field. In popular foodstuffs, they are present in various concentrations, such as hazelnut,
blueberry, tea, cashew, blackberry, strawberry, plums, grapes, mango, nut, walnut, wine, etc [41].

Gallic acid, a natural plant polyphenol, is a powerful antioxidant [42]. Gallic acid
(Trihydroxy benzoic acid) is an inherently phenolic antioxidant with strong antipyretic, anti-
mutagenic, and anticancer properties. However, for a shorter half-life and rapid elimination from
the body, the molecules will be prescribed frequently to be formed in fruits, berries, nuts, and
seeds. Tea, red wine, citrus fruits, and more foods are the suggestions. The structure of gallic acid

is given in (Figure 1.2).

O
HO OH
HO
OH

Figure 1.2. Structure of Gallic acid

Natural plants, fruits, or foods have recently been accepted as a valuable ability to expand
new and borrowed cancer treatments in recent decades [43,44]. Plant-derived anticancer drugs
such as paclitaxel, phenelzine, or vincristine have now been shown to be effective in clinical
cancer pathways [45-47]. Gallic acid (Trihydroxy benzoic acid) is a polyhydroxy butyric acid that
can begin collecting plants, fruits, and foods [48,49]. Plant elements of antitumor activities are the
same for antibacterial, antiviral, and anti-inflammatory activities, as the plant elements of
antitumor activities are the same for various plant activities cancers of the prostate and lungs [50-
51].

In laboratory studies, we have previously shown this Gallic acid (3,4,5-trihydroxy benzoic
acid), a logical flower phenol obtained far from the hydrolysis of tannin, has a good effect on lung

cancer cells in human to induce apoptosis [52]. Gallic acid can be orally ingested in on-the-go



foods and herbal medicines and tends to be given more safely to cancer patients linked to harmful
chemotherapy drugs. The antitumor effects of the in vivo conduct of gallic acid are no longer
recorded. Therefore, interest is needed to explain the in vivo antitumor property of gallic acid in

combination with cisplatin against lung cancer cells and its preservative or synergistic action.

1.3. Polyphenols and flavonoids

Polyphenols, a wide range of chemicals found in plants, have piqued interest in recent
decagon due to their property and the wish that it will demonstrate beneficial health the results,
whether assumption food inputs or supplements [53]. Phenolic composite is the maximum
standard chemical classes found in plants. Polyphenols are polyhydric phytochemicals with more
structure, with over 8,000 compounds estimated and discovered [54]. Flavonoids, phenolic acids,
and stilbenoids are the three principal subcategories of flavonoids.

It is possible to expect bio availability and, at best, low plasma micro molar concentrations.
It is doubtful whether polyphenols contribute significantly to the antioxidant capacity of human
plasma.

Consumption of flavonoid-rich drugs is considered the translation of foods, especially
fruits and vegetables. In terms of human health benefits: Epidemiological benefits associated with
reduced Heart disease, cancer, and stomach disease are all on the rise and neuropathy, liver
disease, atherosclerosis, obesity, and allergies . A powerful antioxidant is polyphenols. They are
strong. Free radicals can be removed. We thought that the first health benefit associated with
polyphenol intake from the diet was due to antioxidant.

By definition, the majority of isolated compounds belong to this group the flavonoid
subclass. Flavonoids consist of two or more fragrant bells containing one or more hydroxyl-
containing compounds phenol groups and bound by carbon bridges [55]. An aromatic ring (ring
A) is joined by another organic atom and connected to another organic ring (ring B) using a
carbon bridge. When a chain three in total carbons is attached, A hydroxyl group is a kind of
hydroxyl group - as a molecular ring, The structure created becomes cyclic (C-ring). The majority
of flavonoids have this type of phenylbenzopyrene structure: they are divided into a few (ketones,
hydroxyls) and have the C-ring has a double bond or not. These subcategories are Flavon,
Isoflavones, Flavanone, Flavonol, Chalcones, Dihydrocaps, and Anthocyanidins.

The subcategories of flavanols are divided into monomers (catechins) and polymers
(proanthocyanidins, theaflavins, and the origins) [56]. Subcategories depend on the C-B-ring
ring's stance and its functionality.

Phenolic acids are generally two significant divisions classes. It consists of benzoic acid
containing seven carbon atoms or cinnamic acid-containing nine carbon atoms [57]. These are all

hydroxyl compounds. Gallic acid, Chlorogenic acid, caffeic acid, ferulic acid, and coumaric acid
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are also antioxidants. Are all examples of acids and genetic acids are prime representative
examples of isolated compounds. Multivalent stilbenes form a minor subclass of stilbenoids, of
which resveratrol is the principal representative.

These polyphenols are found in plants and are esterified with glucose or other
carbohydrates (glycosides) or as free aglycones. This contributes to their sophistication and a
large number of distinct and recognized individual materials Polyphenols obtained from fruits as
a source of dietary polyphenols (strawberries, apples, citrus fruits, cherries), vegetables (onion,
celery, beer grains, soybeans), herbs, roots, and spices (ginkgo, turmeric), red wine and green tea
[58].

Recently, many citrus studies have been conducted. It also contains Green tea contains
flavonoids and polyphenols. These compounds include antibacterial, antitoxin, antiviral, and
antifungal functions are shown in conclusion [59]. In some studies, flavonoids and other
polyphenol compounds have potent in vitro antioxidant activity in the system, but some others,
they may serve as antioxidants. Whether any of the pro-oxidants, antioxidants or many other
biological effects of flavonoids contribute to or add to the health advantages of a flavonoid-rich
diet, plant-based foods and products are unknown [60].

Phenolic compounds help protect the digestive system from the effects of active species
found in food or produced in the intestines and stomach. The health benefits of aggregate
flavonoids are unknown, and flavonoids in fortified foods and supplements are not yet widely
consumed. A large class of compounds found in plants are polyphenols the presence of various
phenolic units or structural blocks per molecule distinguishes them. The phenol unit is made up of
a 6-membered aromatic hydrocarbon ring directly attached to the hydroxyl group (-OH). Phenol

(C¢HsOH) is the most basic of the group and has long been used as a preservative (Figure 1.3).

OH

Figure 1.3. Structure phenol

For Polyphenols, various biological properties have been proposed, including antioxidant,
antimicrobial, anticancer, anti-inflammatory, and anti-diabetic effects [61,62].

In chemical structure, polyphenol compounds are diverse, and this is one basis for
achieving classification. The degree of oxidation, hydroxylation, methylation and glycosylation is
the most common variation in the chemical backbone. Phenolic acid, flavonoids, and no

flavonoids are the major classes of polyphenols, and the latter subclass includes stilbenoids,



lignans, tannins, and diallyl heptanoids (Figure 1.4). Non-flavonoid polyphenols contain less

common subclasses.

Phenolic acids Flavonoids Non-flavonoids

Figure 1.4. Structure polyphenols classification.

1.4. Methods for Nanoparticle synthesis

1.4.1. Chemical methods of synthesis

Chemical decrease with organic and inorganic decrease agents is the maximum widely
accepted method for synthesizing silver nanoparticles. Sodium citrate, Ascorbic acid, Sodium
borohydride (NaBH,), Elemental hydrogen, Polyol, Tollens reagent, N, N-dimethyl formamide
(DMF), poly block co polymer (ethylene glycol) and other reducing agents are commonly used
to dissolve silver ion (Ag") in water, whether aqueous or non-aqueous. The agents that reduce
described above decrease silver ions (Ag"), contributing to a structure silver metallic (Ag®) and
subsequent oligomer cluster formation. These clusters inevitably result in the formation of silver
metal colloidal particles [63].

The use of protective agents to stabilize the dispersible nanoparticles is essential. It
prevents their aggregation during the preparation of metal nanoparticles and during the defence of
nanoparticles that can be absorbed or bound to nanoparticles surface [64]. The presence of
functional surfactants for particle surface interactions (e.g. thiols, amines, acids, and alcohols)
stabilizes the development of particles also protects particles derived. Sedimentation,
agglomeration, and erosion all result in a loss of surface properties create.

The Tollens technique, a straightforward one-step procedure, has recently been used to
synthesize controlled-sized silver nanoparticles. Tollens is a modified version of Tollens. Process,
silver ions are decreased by sugars ammonia is present to produce Films of silver nanoparticles

(50-200 nm), silver hydrosol silver nanoparticles (20-50 nm) in a variety of different shapes are



all examples of silver nanoparticles will happen [65]. The job of the protectant is to protect the
nanoparticles from agglomeration [66]. Polymers are the most widely used protective agents.
Ethylene glycol (poly) is a chemical used to make PEG (vinyl pyrolidone), poly (methyl
methacrylate) (PMMA), and poly (methacrylic acid) (PMAA), two types of polymers (PVP).
These are inexpensive and straightforward nanoparticle synthesis processes; usually, at
temperatures below 3500°C can be create large quantities of materials with different particle sizes
and shapes. The advantage of the chemical synthesis approach is construction and quality in
construction. Synthesize new sophisticated products into finished products. While there are many
techniques, such as the precipitation method, in which nanoparticles are produced in the form of

precipitates, the immobilization method is used to produce particles in ash or powder [67].

1.5. Physical methods of synthesis

Nanoparticles can be used in a variety of ways and produced using a variety of physical
processes. These methods are of two types: mechanical form and vapour deposition form. These
technologies are used at high temperatures. Usually, the maximum working temperature is over
3500°C. Metal nanoparticles are fabricated by the physical method either by evaporation or
condensation or by the laser ablation process. The reaction is carried out in evaporation
condensation at ambient pressure, using a tube furnace. Inside the sail, the target material is kept,
and the gas concentration in the furnace is evaporated into a carrier gas [68]. Ag, Au, Pb, and
fullerene nanoparticles were successfully synthesized using an evaporation process. However,
this approach has certain drawbacks, like a giant tube oven that powers a large oven that absorbs
a large amount of electricity into space, growing the air temperature about the source. It takes a
long time to bring about thermal equilibrium [69] fabrication laser ablation of silver
nanoparticles. The ablation process depends on the particles manufactured by the laser on the
wavelength of the laser, as the beam pulses the laser period. Laser fluency, length of ablation
period, and active liquid medium may or may not contain surfactants [70]. The physical processes
that work best are laser evaporation, condensation, and ablation. Evaporation was previously used
to synthesize and condense processes for several metal nanoparticles, including silver; copper,
lead sulphide, cadmium sulphide, and fullerene are all examples of metal sulphides.

Chemical methods have the advantage of avoiding contamination of thin films with
solvents and ensuring uniform nanoparticle distribution. On the other hand, physical methods
have the disadvantage of avoiding solvent contamination in thin films [71,72]. Silver
nanoparticles have been demonstrated to be manufactured with a household heating source; a
small ceramic heater is constructed. The evaporated vapour will cool at an appropriate amount
because the temperature gradient near the surface of the boiler is steeper than that of a tube

furnace. Small nanoparticles can form in high concentrations as a result. For long-term inhalation
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experiments, this type of physical approach may be used as a generator of nanoparticles as a
titration system for toxicology research and equipment testing with nanoparticles [73]. Ablation
of bulk materials by laser metal materials in the solution can produce silver nanoparticles [74,75].

The ablation effectiveness and properties of silver nanoparticles are affected by laser
energy wavelength affecting the metallic object, a laser's duration pulse (within the femtosecond,
picosecond, and nanosecond ranges), the laser fluency, and the procedure for the ablation period
active liquid medium with or without surfactants [76,77].

The laser ablation technique has several advantages over other colloid treatment
techniques, including the lack of chemical reagents, which are a type of reagent used to make
chemicals in the suggestions. A pure and unpolluted metal, therefore, colloids can be made ready

with its application methodology for future use [78].

1.5.1. Biological methods of synthesis

While chemical and physical methods are very good at generating specific nanoparticles,
some production costs, dangerous by-product release, long manufacturing time, and difficulty in
purification, global warming and climate change have contributed to the synthesis of the macro
molecule, in a fraction of a minute the synthesis claim of buildings to the need for
environmentally sustainable technology in materials science [79].

Because the direction of biological or green synthesis is exceptionally random, economical,
eco-friendly and non-toxic, using biological species like microorganisms, plant extracts, and
biomass may be the best alternative approach to synthesize. By using physical and chemical
methods, nanoparticles can be created [80]. Biological factors like bacteria, fungi, leaves, algae,
also plants are taken into consideration. As part of the current and practical biosynthesis
approach, materials will catalyse complex interactions. Due to its enzymatic reactions,
photochemical properties, and medicinal nature, the current potential of a biological system has
gained commercial significance [81]. As a result of their synthesis of nanoparticles, the biological
system produced a remarkable and pioneering improvement. The method of the process by which
the bio-reduction of mineral salts is carried out remains a mystery [82].

In recent years, researchers have become increasingly interested in methods of green
chemistry that use natural lowering, covering, silver nanoparticles with the desired shape and
size, and stabilizing agents [83,84].

Using bio molecular combinations discovered in extracts of many organisms (e.g. Amino
acids, polysaccharides, and vitamins are all examples of enzymes/proteins), metal ion bio-
reduction is environmentally friendly but chemically complex. Various studies have demonstrated
the effective composition of silver nanoparticles using species (biological processes and

microorganisms) [85,86].



1.6. Characterization Methods

1.6.1. UV-VIS spectra analysis

Absorption Spectroscopy is a term that refers to the study of light used to figure out a
solution's optical properties. The volume of light absorbed is determined after the light is
consumed into the sample solution. The wavelengths are mixed, but the absorbance remains
constant regardless of wavelength. The optical properties of studying nanoparticles are more
complex. For example, the calculated absorption range may not reflect the appropriate absorption
because the pair of light absorbed and scattered from the molecule is the extinction of the

radiation. These wavelengths arise due to the broad resonance of the molecule.

1.6.2. FT-IR analysis

FTIR is a chemical analytical technique that tests the wavelength of infrared intensity v/s or
the size of an optical wave. It has been used to examine potential biomolecules and also to link
interactions between them. The vibration properties of the sample's chemical functional groups
are determined by infrared spectroscopy. When infrared radiation interacts with material, the
chemical bonds will reveal the shape of expansion, contraction, and bending. These chemical
functional groups appear to absorb electromagnetic radiation from forming the rest of the
molecule in a unique wavelength range. We used FTIR spectroscopy for the determination of the

functional groups. FTIR is shown Figure 1.6.

1.6.3. SEM and EDX analysis

SEM stands for Scanning Electron Microscopy (SEM) and is a set of electron microscopy
that produces an image of a pattern by scanning an area with a focused electron beam. The
electron is communicated by the atoms in the sample and produces various signals that provide
information about the surface topography and the formation of the example. SEMs (scanning
electron microscopes) are microscopes that use electrons to create three-dimensional (three-
dimensional) images. As the more narrow electron beam, SEM microscopic images accept a
broad base of the field, resulting in a distinctive 3D shape that is appropriate for securing the

surface architecture of the sample.
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1.6.4. XRD analysis

X-ray diffraction (XRD) analysis is a method used in materials science to determine the
crystallographic structure. (XRD) is a method of combining a sample, crystal structure, texture, or
orientation in the analysis process. It is used to identify the crystalline steps in the material and

reveal details about the chemical composition.

1.7. Nanoparticles anti microbiological

There are many chemical and physical techniques in the production of nanoparticles that
are well known. Still, there are drawbacks to them if they can increase their production,
hazardous by-amount, great synthesis times, and complication in approval [87]. Global warming,
along with climate change, will reduce global toxic and dangerous waste if you can increase it
through green synthesis with advanced advances in science and industry [88]. As the name
implies, the synthesis of nanoparticles helps to synthesize very complex reactions in a matter of
minutes, drawing your attention to the synthesis of the need for benign environmental materials
technologies.

The use of animal-like biological microorganisms, organisms found in plants, bio toxins
may be the optimum alternative to physical also chemical methods for the fusion of nanoparticles.
As a result, they are highly spontaneous, economical, and environmentally friendly due to their
biological or green synthesis. As part of a modern, practical biosynthesis strategy, natural
resources like electricity, Bacteria, fungi, yeasts, algae, and plants are all kinds of microorganisms
(Figure 1.5). It can also act as catalysts. Due to enzymatic reactions, photochemical properties,
and plant nature, the current landscape of the commercial health biological system has been
found. Due to their mechanism, the natural system has made a unique and pioneering advance in
the synthesis of nanoparticles, which reduces the bio degradation of metal salts that have not yet
been reopened [89].

The synthesis of nanoparticles from biological systems for medical, pharmaceutical,
cosmetic and environmental applications has attracted great interest. Bio-made because
nanoparticles may be dispersed or penetrated through Pollutants and explain a redox reaction to
clear surface materials and be used for purification. Nature has s few prepared equipment for the
synthesis of nanomaterials also micro particles that helps to develop a relatively modern and

undiscovered research area depend on the synthesis of biomaterials.
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Figure 1.5. Different pathways for nanoparticle synthesis

Bacteria

Many microorganisms can synthesize mineral nanoparticles such as silver, gold,
magnesium, cadmium sulfide and silicon oxide nanoparticles. The protection of a bacterial cell to
silver ions in the nanoparticle synthesis medium [90]. It includes previously been reported that
Bacillus subtilis 168 can produce Au’* Plants Yeast Bacteria Fungus Algae Actinomycetes
nanoparticle 9 ions to produce 5-25 nm octagonal gold particles in bacterial cells by nurture cells
with gold chloride [91] at ambient temperature and Reduce pressure. The bacterial strain of silver
resistance Pseudomonas stutzeri AG259 may accumulate silver nanoparticles in cells with a
particle size of 35 to 46 nm with silver sulfide [92]. Lactobacillus, a prevalent bacterial strain
found in buttermilk, synthesizes a well-defined morphology of both Au and Ag NP under normal
conditions. Synthesis of Ag metal nanoparticles using Klebsiella pneumonia, Escherichia coli,
and Enterobacter cloacae culture supernatants was described by [93]. maximum metal ions get a
toxic result on bacteria, so the defence mechanism created by bacteria to counteract such toxicity
is to reduce ions or form water-soluble complexes [94].

In general, living organisms' enzymes play an essential role in biological regeneration, but
other studies are produced conflicting findings in cases where biological degradation processes
were not enzymatic. Bacillus megatherium D01, Lactobacillus sp. A09 was able to reduce silver
ions. Silver ions are relieved when they interact with groups on microorganism cell walls.

The presence of the nitrate reductase enzyme, which disciple nitrates into nitrite, is the
most well-known mechanism for forming biological silver particles. Alpha nicotinamide adenine
dinucleotide reductase (NADPH) - approved in vitro nitrate reductase synthesis, bacteria, alpha
nicotinamide adenine dinucleotide phosphate (NADPH) - a nitrate reductase depletion step. As a
result, when the nitrate is reduced, the electrons are converted. This is found in Bacillus
licheniformis, which relies on NADPH and NADPH enzymes as nitrate reductase to convert Ag"

to active Ag’.
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Fungi are it possible to generate their value relative to energy because, when included, they
secrete proteins that, if they change, are converted directly into nanoparticles [95]. Strength has
been described as the best nano-plant for air bacteria because if a high bond with metal ions is
maintained in a closed area, it facilitates them with solid bed release. You can grow on the surface
of the mineral deposit. Metals as catalysts are distributed efficiently. The advantage of making
extracellular nanoparticles from fungi is that large quantities of pure, protein-free enzymes can be
used in a simple process.

Reported proteins stabilize a very steady improvement in the particles via fungi in the
development of Ag hydrosols using Fusarium oxysporum [96]. Using Aspergillus fumigation,
extracellular biosynthesis of Ag molecules was observed in the range of 5-25 nm [97]. The
biochemistry of Phaenerochaete chrysosporium, also known as the white mould fungus, has been
used to study the biomimetics of Ag nanoparticles [98]. Creation of spherical and stable Ag
particles in the range of 10-60 nm using Fusarium architecture [99].

Actinomycetes:

Actinomycetes are microorganisms that later have essential properties such as fungi and
bacteria. Actinomycetes now focus on the synthesis of metal nanoparticles due to their use in the
production of secondary metabolites such as antibiotics [100]. Thermomonospora sp, a tradition
of Au nanoparticles using excessive actinomycetes, the alkali, and Rhodococcus sp., they
discovered that nanoparticles have a more significant impact on the cytoplasmic membrane than
on the cell wall.

This may be because enzymes in the cell wall and cytoplasmic membrane reduce metal
ions, but not in the cytosol [101].

Algae:

Algae in the plant kingdom are collections of texts that have been studied for their use in
nanotechnology. Reported the synthesis of Chlorella Vulgaris algae with Au nanoparticles [102].
Reported the controlled synthesis of Au nanoparticles using the green algae Plectonema
boryanum with the team using the aqueous solutions Au (S,03) 23 and AuCl, [103]. The rapid
development of gold nanoparticles through extracellular biosynthesis has been observed in the
seaweed Sargassum wightii [104]. Morley reported the production of CdS nanocrystals for
phytochelatin coating using the algal phytoplankton Phaeodactulum tricornatum. Reported the
synthesis of 5 nm PtCl62 aqueous Pt using Shewanella algae at neutral pH and room temperature
[105].

Plants:

Plants of different microorganisms like bacteria, algae, fungi, also yeast can be used in the
biosynthesis of nanoparticles. However, a modern trend has recently emerged, such as using

plants to produce nanoparticles due to the automatic and cost-effective protocol and cost-effective
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nature [106]. It is applicable for large-scale production and one-step biosynthesis methods. The
presence of chemicals is the primary proposed mechanism for the synthesis of plant nanoparticles
[107]. The most important chemicals are flavonoids, terpenoids, carboxylic acids, quinones,
aldehydes, ketones, and amides responsible for the automatic reduction of ions, flavonoids,
terpenoids, carboxylic acids, quinones, aldehydes, ketones, and amides [108]. The presence of
chemicals is thought to be the primary mechanism involved in the formation of plant-mediated
nanoparticles [109,110].

The main chemicals necessary for the automatic reduction of ions are flavonoids,
terpenoids, carboxylic acids, quinones, aldehydes, ketones, and amides [111]. Plants such as
Cinnamomum camphora, Pelargonium grade lens, Azadirachta indica , Emblica Officinalis, Aloe

vera, Alfalfa bud, Helia [112,113].

Figure 1.6. Determining the minimum inhibitory concentration (MIC) of the matters by using the broth
dilution method.

After the incubation period, it was observed that clearance (negative) and turbidity
(positive). Positive means that bacteria grow at this tube, but the mean point at these two tubes is
the minimum inhibitory concentration (MIC) (Figure 1.6). At this point (2.11 mg), kill 6 logs of

the bacteria Escherichia coli.

1.8. Review of literature

NPS, used in bio-assay, clothing, food production, paint, sunscreen, cosmetics, and uses, is
produced in various commercial products such as nanoparticles (AgNP). Daily use for needings
increases human exposure to NP and both short and long-term toxicity and overall risk. Interest in
metal nanoparticles as antimicrobial agents has been around for more than ten years [114].

Nanoparticles are in very little quantity due to the ability to make many particles and the

large surface-to-volume ratio. Ag nanoparticles are a widely used method for medical
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applications [115]. Copper is non-toxic to mammals, but toxicity to many microbes offers a new
perspective on antibacterial therapy. Many practices have been advanced to produce Ag and Cu
nanoparticles using both physical and material. The most common technique of preparing Ag
nanoparticles is to reduce a silver salt solution in water or an organic solvent to produce a
colloidal preparation [116]. The most common method for synthesizing Cu nanoparticles is by
creating micro emulsions. However, it requires a large number of surfactants and organic
solvents, which increases the production cost. Physical methods using laser, radiolysis, or aerosol
erosion methods are necessary, but expensive tools also consume large amounts of energy [117].

These methods use valuable substances that are toxic and pollute the environment.
Chemical reduction methods are the cheapest and best opportunity for the provider to adapt to the
situation. Ag nanoparticles have been synthesized using water as a solvent and emitted as a
coating material and have been shown to have advantages over other methods along with
environmental chemicals [118,119]. Ag, Au, Pd, Se, Cu, and Pt are examples of metal
nanoparticles. Biological catalysts were further used to constitute Proteins/enzymes,
polysaccharides, alkaloids, flavonoids, terpenoids, phenolic compounds, and vitamins are all con
founders in the reduction, creation, and classification of plant mineral nanoparticles [120-122].
Shankar and co-worker have created synthetic nanoparticles through plant-mediated synthesis. In
this experiment, Azadirachta indica (Neem) leaf broth was used to produce core-shell
nanoparticles Ag-Au, Ag, and bimetallic use of chemicals such as flavonoids and terpenoids in
the leaves to reduce the same silver and gold ions mixture. This is possible because of reducing
sugars and terpenoids that act as reducing / inhibiting aids in this study. The reaction rate was
monitored using a UV-Vis spectrophotometer. From their findings, the reaction rate was faster in
mixing two metals (1:1in Ag": AuCl™). Spherical Au/Ag composite nanoparticles by an average
size of 50-100 nm were approved by TEM [123-125].

The EDAX spectrum also indicates silver and gold in one of the core particles in the
experiment. In the formation of metal hybrids, Ag NPs were formed after the equilibrium of Au
NPs as reported. In use, Ag NPs are assembled on the largest Au NPs surface, indicating the
measurement and shape of Au/Ag shell core nanoparticles [126,127]. Another study in this
experiment considered the formation of other metal bimetallic nanoparticles and metal hybrids
using plant extracts rich in chemicals to replace harsh and toxic organic solvents. Silver
nanoparticles (AgNP) were synthesized at room temperature using reducing properties of
mulberry leaf extract and silver nitrate. Silver nanoparticles were characterized using attractive
UV shielding spectroscopy, Scanning electron microscopy (SEM) and X-ray jumping (XRD).
Also, silver nanoparticles have been shown to have effective antibacterial activity against
Staphylococcus aureus and Shigella [128,129]. The use of antibacterial agents can be used to

combat infections. Under these conditions, routine use of antibiotics leads to antibiotic resistance
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caused by bacterial microorganisms. This study focuses on the production of nanoparticles (NPs)
that increase the movement of vancomycin in vitro antibiotics for multidrug resistance (MDR).
Emissions are only available for the biosynthesis of silver nanoparticles (AgNP), where the
vapour is isolated from aquatic plants recruited from low molecular weight polyols. In this first
study, the juice and leaves of Ph. L leaf and seed extract was used to synthesize relatively "green"
AgNP and isolated [130]. AgNP was generated from Ag (I) ions by extract colour change, UV-
Vis absorption, and plasmon surface intensification (SPR). The size, distribution, and primary and
crystalline state of AgNP generated were determined by electron microscopy and spectroscopy.
The results indicate the formation of a globular AgNP of several paracetamols with a size of 52.6
nm (broth leaf) and 24.2 nm (grain broth) for good which is isolated in the organism used copper
nanoparticles during the chemical reduction process Atomic force microscope (AFM) Slows
down the morphology of the study surface. The formation of nanoparticles from copper has been
confirmed by UV-Vis spectrophotometer (X-ray diffraction) (XRD) and infrared spectroscopy
(FTIR). The diameter of copper nanoparticles using chemical reduction methods is between 14nm
and 55nm. The structure of the face-centred cubic crystal (FCC) of copper nanoparticles was

demonstrated through fabrication analysis [131].
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2. MATERIAL AND METHODS

2.1. Reagents and Equipment

e Silver nitrate (AgNO;).

o Copper (II) nitrate (Cu (NO;),.3H,0).

o Quercetin.

¢ Gallic Acid.

e Potassium Bromide (KBr).

¢ Distilled water.

e Acetone

¢ Ethyl alcohol

e Sodium carbonate

e Qualitative filter paper 125 mm, watch glasses, measuring cylinders, different sizes of
tube, pipet, volumetric flasks clear glass, mortar pestle glass, beakers, conical flasks, test tube
racks Funnels, graduated cylinder, Beakers, hot plate, tongs, wortex, micro-pipette, Benzene
burner, petri dishes, wire brush, Magnetic Stirrer. Internal digital (Shimadzu Corporation, Japan)

analytical balance (with a readability of 0.01 mg), used during the experiment (Figure 2.1.).

2.2. Instrument required

The following equipment was used: The infrared spectrum is registered in the ambit of
5000-3000 cm™ on a Perkin-Elmer spectrum one, Perkin Elmer Fourier Transform Infra-Red
(FTIR), UV-Vis spectrophotometer double beam PC 8 Auto Cell, Scanning Electron Microscope
(SEM) of the Model Oxford INCAX Act, X-ray Diffraction (XRD) MiniFlex model.
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Figure 2.1. Materials

2.3. Quercetin nanoparticles

2.3.1. Quercetin and Ag nanoparticles

Nanoparticles were synthesized using of quercetin and AgNQO;. The silver nitrate (AgNO;)
solution was prepared at a concentration of 0.01 M in 100 mL of distilled water (0.1699 gram
AgNO; with 100 mL, covered with Aluminum prepare for not reacting with light after
preparation). Four beakers were added 10 mL 0.01 M quercetin (0.3022 gram quercetin was
solved with 100 mL ethyl alcohold, and 10 mL of AgNO; (0.01 M) was added drop by drop and
mixed homogeneously for four hours for the reaction to happen and producing more quantity of
nanoparticles. PH of the solutions were adjusted using 0.01 M Na,CO; (Sodium carbonate) and
0.01 M CH;COOH (Acetic acid) for each of pH =3, pH=7, pH=9 and pH=11. The best
nanoparticles were obtained at pH=9 for this reaction. The colloid solutions were collected and
washed several times then stored at room temperature for further experiments. The obtained
AgNPs were further purified by centrifugation at 4000 rpm followed by redispersion of the pellet

in distilled water then putting into watch glass and entering an oven for drying (Figure 2.2).
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Figure 2.2. Preparation of quercetin and silver nanoparticles.

2.3.2. Quercetin and Copper nanoparticles

Nanoparticles were synthesized using of quercetin and Cu (NO;),.3H,0. The Copper
nitrate three hydrate (Cu (NO;),.3H,0) solution was prepared at a concentration of 0.01 M in 100
ml of distilled water (0.2416 gram Cu (NO;),.3H,0 was solved with 100 mL water). Four beakers
were added 10 mL 0.01 M quercetin (0.3022 gram of quercetin was solved in 100 mL ethyl
alcohol), and 10 mL of Cu (NOs),.3H,0O (0.01 M) was added drop by drop and mixed
homogeneously for four hours for the reaction to happen and producing more quantity of
nanoparticles. PH of the solutions were adjusted using 0.01 M Na,CO; (Sodium carbonate) and
0.01 M CH;COOH (Acetic acid) each of pH =3, pH=7, pH=9 and pH=11. The best nanoparticles
were obtained at pH=9 for this reaction. The colloid solutions were collected and washed several
times then stored at room temperature for further experiments. The obtained CuNPs were further
purified by centrifugation at 4000 rpm followed by redispersion of the pellet in distilled water

then putting into watch glass and entering an oven for drying (Figure 2.3).

Figure 2.3. Preparation of quercetin and copper nanoparticles .
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2.4. Gallic acid nanoparticles

2.4.1. Gallic acid and silver nanoparticles:

Nanoparticles were synthesized using of Gallic acid and AgNO;. The silver nitrate
(AgNO;) solution was prepared at a concentration of 0.01 M in 100 mL of distilled water (0.1699
gram AgNO; with 100 mL, covered with Aluminum prepare for not reacting with light after
preparation). Four beakers were added 10 mL 0.01 M Gallic acid (0.1700 gram Gallic acid was
solved with 100 mL ethyl alcohol), and 10 mL of AgNO; (0.01 M) was added drop by drop and
mixed homogeneously for four hours for the reaction to happen and producing more quantity of
nanoparticles. PH of the solutions were adjusted using 0.01 M Na,CO; (Sodium carbonate) and
0.01 M CH;COOH (Acetic acid) each of pH =3, pH=7, pH=9 and pH=11. The best nanoparticles
were obtained at pH=9 for this reaction. The colloid solutions were collected and washed several
times then stored at room temperature for further experiments. The obtained AgNPs were further
purified by centrifugation at 4000 rpm followed by redispersion of the pellet in distilled water

then putting into watch glass and entering an oven for drying (Figure 2.4).

Figure 2.4. Preparation of Gallic acid and silver nanoparticles.

2.4.2. Gallic acid and copper nanoparticles

Nanoparticles were synthesized using of Gallic acid and Cu (NO;),.3H,0. The Copper
nitrate (Cu (NOs),.3H,0) solution was prepared at a concentration of 0.01 M in 100 ml of
distilled water (0.2416 gram Cu (NOs),.3H,0 was solved with 100 mL water). Four beakers were
added 10 mL 0.01 M Gallic acid (0.1700 gram of Gallic acid was solved in 100 mL ethyl
alcohol), and 10 mL of Cu (NO3),.3H,0O (0.01 M) was added drop by drop and mixed
homogeneously for four hours for the reaction to happen and producing more quantity of
nanoparticles. PH of the solutions were adjusted using 0.01 M Na,CO; (Sodium carbonate) and
0.01 M CH;COOH (Acetic acid) each of pH =3, pH=7, pH=9 and pH=11. The best nanoparticles

were obtained at pH=9 for this reaction. The colloid solutions were collected and washed several
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times then stored at room temperature for further experiments. The obtained CuNPs were further

purified by centrifugation at 4000 rpm followed by redispersion of the pellet in distilled water

then putting into watch glass and entering an oven for drying (Figure 2.5).

Figure 2.5. Preparation of Gallic acid and Copper nanoparticles.

2.5. Gallic acid and Quercetin nanoparticles

2.5.1. Gallic acid, Quercetin and silver nanoparticles

Nanoparticles were synthesized using of Gallic acid +Quercetin and AgNO;. The silver
nitrate (AgNO;) solution was prepared at a concentration of 0.01 M in 100 mL of distilled water
(0.1699 gram AgNO; with 100 mL, covered with Aluminum prepare for not reacting with light
after preparation). Four beakers were added 10 mL 0.01 M Gallic acid+ 10 mL 0.01 M Quercetin
and 20 mL of AgNO; (0.01 M) was added drop by drop and mixed homogeneously for four hours
for the reaction to happen and producing more quantity of nanoparticles. PH of the solutions
were adjusted using 0.01 M Na,COj; (Sodium carbonate) and 0.01 M CH3COOH (Acetic acid)
each of pH =3, pH=7, pH=9 and pH=11. The best nanoparticles were obtained at pH=9 for this
reaction. The colloid solutions were collected and washed several times then stored at room
temperature for further experiments. The obtained AgNPs were further purified by centrifugation
at 4000 rpm followed by redispersion of the pellet in distilled water then putting into watch glass

and entering an oven for drying (Figure 2.6).
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Figure 2.6. Preparation of Quercetin, Gallic acid and Silver nanoparticles .

2.5.2. Gallic acid, Quercetin and copper nanoparticles

Nanoparticles were synthesized using of Gallic acid +Quercetin and Cu (NO3),.3H,0. The
Copper nitrate (Cu (NO3),.3H,0) solution was prepared at a concentration of 0.01 M in 100 ml of
distilled water (0.2416 gram Cu (NO;),.3H,0 was solved with 100 mL water). Four beakers were
added 10 mL 0.01 M Gallic acid + 10 mL 0,01 M Quercetin and 20 mL of Cu (NOs),.3H,0 (0.01
M) was added drop by drop and mixed homogeneously for four hours for the reaction to happen
and producing more quantity of nanoparticles. PH of the solutions were adjusted using 0.01 M
Na,COj; (Sodium carbonate) and 0.01 M CH;COOH (Acetic acid) each of pH =3, pH=7, pH=9
and pH=11. The best nanoparticles were obtained at pH=9 for this reaction. The colloid solutions
were collected and washed several times then stored at room temperature for further experiments.
The obtained Cu NPs were further purified by centrifugation at 4000 rpm followed by
redispersion of the pellet in distilled water then putting into watch glass and entering an oven for

drying (Figure 2.7).

Figure 2.7. Preparation of Quercetin, Gallic acid and copper nanoparticles.
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2.5.3. Gallic acid, Quercetin, silver and copper nanoparticles

Nanoparticles were synthesized using of Gallic acid Quercetin and Cu (NO;),.3H,0,
AgNO;. Four beakers were added 10 mL 0.01 M Gallic acid + 10 mL 0,01 M Quercetin and 10
mL 0.0IM Cu (NO;),.3H,0, 10 mL 0.01 M AgNO; was added drop by drop and mixed
homogeneously for four hours for the reaction to happen and producing more quantity of
nanoparticles. PH of the solutions were adjusted using 0.01 M Na,CO; (Sodium carbonate) and
0.01 M CH;COOH (Acetic acid) each of pH =3, pH=7, pH=9 and pH=11. The best nanoparticles
were obtained at pH=9 for this reaction. The colloid solutions were collected and washed several
times then stored at room temperature for further experiments. The obtained AgCuNPs were
further purified by centrifugation at 4000 rpm followed by redispersion of the pellet in distilled

water then putting into watch glass and entering an oven for drying (Figure 2.8).

Figure 2.8. Preparation of Quercetin, Gallic acid, Silver and Copper nanoparticles.

2.6. Characterization of Nanoparticles

A high-performance UV-Vis spectrophotometer was used, which carried out between 300-
700 nm wavelength ranges. Absorption measurements were made for all Nano samples in a
colloidal form, and placed in a quartz cuvette in which the radiation travels for a distance of one
cm through the solution and works with an accuracy of one nanometer so that we used water and
ethanol were used as blank. The characteristic technique described above is carried out using an
aqueous dispersion of nanoparticles.

FT-IR analysis was performed on clean and dry nanoparticles to identify potential active
groups that could support the presence of capping and settlement by plant extracts. FTIR
Spectrometer One Spectrum Potassium bromide (KBr) pellet was used in a diffusion reflection

for solid nanoparticles produced, and the salt plate NaCl to colloidal nanoparticles synthesized.

23



The surface shape of the images of the nanoparticles was recorded by scanning the Electron
Microscope (SEM), which measures 5-13 mm at working distance, 5-10 kV high voltage, and
Emission current are 75-80. The energy-dispersed X-ray spectrometer (EDX) operates at a high
voltage of 127 KeV and 20 A currents. The morphology of nanoparticles was studied using the
XRD. X-ray diffraction (XRD) measurements were performed on drop-coated films to define the
crystalline state of the Ag, Cu, and Ag-Cu nanoparticles. At room temperature, the scanning rate
ranges from 100 to 800 in 2 hours.

The optical study, XRD, SEM, EDX analyses were carried out at MUNZUR
UNIVERSITY Labs, Turkey Tunceli. For UV-Vis, an FTIR spectrophotometer was analyzed at

Firat University.

2.7. Antimicrobial Activity

Antimicrobial activities of the synthesized NPs colloidal were assessed using the standard
dilution micro method. After the incubation period were observed clearance and turbidity. Its
mean that when is show the cloudy, it means positive is know that bacteria growth at this tube,
but negative the means is not bacteria growth at this tube, point at this two tubes is the minimum
inhibitory concentration (MIC). At this point is kill 6 log of the bacteria Escherichia coli at 37° C
for 24 hours, also, at this point kill 6 log bacteria Staphylococcus aureus it means (1.000.000).

The first get the nanoparticles (0.015 gram) were put them in the severely diluted tube. A
freshly prepared bacterial culture to grow used two types of bacteria, Escherichia coli, and
Staphylococcus aureus. After the incubation period it was observed that clearance (negative) and
turbidity (positive). Minimum inhibitory concentration (MIC) values were determined by batch
culture process. Increasing amount of NPs was added in 1 mL nutrient broth. After incubation at
37° C on a rotary shaker, growth inhibition was measured against control (broth without NPs) at

600 nm by a UV-visible spectrophotometer.
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3. RESULTS AND DISCUSSION

3.1. Quercetin Nanoparticles

3.1.1. Quercetin and silver nanoparticles

UV-vis spectroscopy
UV-Vis spectroscopy using the (UVWIN 5 software) spectrophotometer in the wavelength
range between 300 and 700 nm was performed for optical investigation. The UV-Vis absorption

spectrum of quercetin was shown in (Figure 3.1) with A max at 373.050 nm.
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Figure 3.1. UV-VIS spectrum of Quercetin

One of the most commonly used UV-visible spectroscopies is structural characterization
methods for silver from nanoparticles. A band of maximum surface absorption 487.96 nm
suggesting the existence of objects with a spherical shape or nearly spherical Ag nanoparticles

was shown by the absorption spectrum (Figure 3.2) of the dark yellow-brown silver colloids.
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Figure 3.2. UV-VIS spectrum of AgNPs synthesized with Quercetin



FTIR Analysis

FTIR research is one of the essential tools for recognizing encapsulated knowledge
molecules with chemicals quickly and accurately. 3410 and 3297 cm’ were used to detect
quercetin with the characteristic density of stretching of OH groups, while 1382 cm™ was used to
see OH bending of the phenolic function, and 1607, 1560, and 1517 cm™ were used to detect
stretch bands. CO-stretching in the aryl ether ring, phenol CO-stretching, ketone stretching, and
bending as was shown in 935, 821, 679, 600, 1263, 1200, and 1165 cm™ 1n (Figure 3.3).
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Figure 3.3. FTIR spectrum of Quercetin.

Further information on the combination of silver nanoparticles was investigated Analyzed
with FTIR. It was discovered that the FTIR spectrum of AgNPs circulating quercetin has
characteristic peaks at 3449.2, 2918.5, 1568.4, 1410.5, 1041.1, 802.65, 651.51, 500.38 and 466
cm’. The character is a height of 1568.4 and 1041.1 cm™ mapped as a C=C aromatic expansion
and a C-N curvature of aliphatic amine and flavonoids, confirming the absence of quercetin. The
large range of 3449.2 cm™ is attributed to the expansion of amine N-H, while the peak near
1568.4 cm' was designated as aromatic C=C in the carboxyl group as quercetin peaks,

responsible for the formation of carbon, alcohol, and amine groups (Figure 3.4).
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Figure 3.4. FTIR spectrum of AgNPs synthesized with Quercetin.
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SEM Analysis

More a better understanding of the morphology and size information of the silver
nanoparticles was provided by SEM. The photos show the cubic shapes of the nanoparticles. In
the scanned electron micrograph image of the silver nanoparticle pellet solution, an investigation
into the elementary mapping of silver nanoparticles shows a high distribution of metal silver

(Figures 3.5).

SU3500 15.0kV 5.5mm x1.00k SE

Figure 3.5. SEM image of silver nanoparticles synthesized by Quercetin at various enlargement levels (500
um, 50.0 um, 5.00 pm).
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EDX Analysis

Energy Dispersed X-Ray Analysis (EDX), referred to as EDS as EDAX, is used in X-ray
technology for the elemental composition of the material for classification. The EDX analysis
generates spectra that reflect the vertex corresponding to the elements that make up the analyzing
sample's actual composition.

In a strong silver signal and a lousy carbon, a peak is seen in the EDX profile which can

start with biomolecules at the AgNP surface. Few nasty C signals have also been observed.

EDS Layered Image 1

Figure 3.6. EDX spectrum of silver nanoparticles synthesized by Quercetin and elemental mapping,
layered image.

A substantial silver signal along with weak oxygen and a carbon peak is seen in the EDX
profile (Figure 3.6), which may begin with biomolecules that have been attached to the AgNP
surface (Figure 3.7).
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Figure 3.7. Elemental composition analysis and field electron micrograph of AgNPs

XRD Analysis

The silver nanoparticles' XRD measurements showed. The reflection peaks correspond to
the reflections of 1536.926, 371.3638, 424.759, 490.181 and 126.032 at 2 Theta values of 38.05,
44.165, 64.418, 77.34 and 81.232 (Figure 3.8).
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Figure 3.8. XRD spectrum of AgNPs synthesized with Quercetin.

Antimicrobial

Types of antimicrobial activities of the synthesized silver colloidal were assessed using the
standard dilution micro method. After the incubation period, we observed clearance and turbidity.
When we show the cloudy, it means positive we know that bacteria grow at this tube, but negative
the mean point at these two tubes is the minimum inhibitory concentration (MIC). At this point
(2.11 mg), kill 6 logs of the bacteria Escherichia coli at 37° C for 24 hours. Also, at this point (4.
69 mg) kill 6 log bacteria Staphylococcus aureus it means (1.000.000).
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Table 3.1. Minimum inhibitory concentrations (MIC) of Quercetin, Ag+ and AgNPs (Mean+ Standard

Deviation).
No Matter Escherichia coli Staphylococcus aureus
1 Quercetin+ Ag (mg) 2.11£1.22 4.69+2.68
2 Quercetin (mg) 188+81 375+162
3 Ag (mg) 2649 21+9

The compared solid and liquid concentration of Ag .this number (2.11£1.22 mg) lower than
this number (188+81mg) for Escherichia coli and (4.69+2.68mg) higher than this number
(375£162) for Staphylococcus aureus (mg), only Ag needs for (26+9 mg) to kill 6 logs of the
bacteria Escherichia coli (mg) and (2149 mg) to kill six records of the Staphylococcus aureus

(mg) (Table 3.1).

3.1.2. Quercetin and copper nanoparticles

UV-VIS spectroscopy

One of the most commonly used UV-visible spectroscopies is structural characterization
methods for copper from nanoparticles. A band of maximum surface absorption 472.82 nm
suggesting the existence of objects with a spherical shape or nearly spherical Ag nanoparticles
was shown by the absorption spectrum of the dark yellow-brown silver colloids. UV-VIS
spectrum of CuNPs synthesized with Quercetin was observed a maximum absorption at 472.822

nm (Figure 3.9).
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Figure 3.9. UV-VIS spectrum of CuNPs synthesized with Quercetin
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FTIR Analysis

Inter-molecular and Intra- molecular hydrogen bonds are known to be responsible for
expanding the -OH band in the FTIR spectra. In the region 3500 -3000 cm™, a broad uptake of a
hydroxyl group (O-H) appears at 3311.5 cm™'. The bands in the area 2000-1500 cm™ are due to
the binding of C=C. This band appears at 1468 cm™ (Figure 3.10).
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Figure 3.10. FTIR spectrum of CuNPs synthesized with Quercetin.

SEM Analysis
SEM Analysis In the scanned electron micrograph image of the copper nanoparticle pellet

solution, an analysis of the elemental mapping of copper nanoparticles shows a low distribution

of metallic copper (Figure 3.11).
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Figure 3.11. SEM image of CuNPs synthesized by Quercetin at various enlargement levels (500 um, 50.00
pm, 5.00 um).

EDX Analysis

It shows a strong carbon signal together with a weak copper and an oxygen peak, which
can start during drying due to the scorching of nanoparticles. Several soft Cl, Ca, and S signals
were also observed. A low amount of copper with atomic composition of 19.41 per cent (Figure
3.12) was shown.

The result of the EDX study showed that in the synthesis, there was a small amount of Cu

with atomic composition of 18.8. per cent (Figure 3.13).
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Figure 3.12. EDX spectrum of copper nanoparticles synthesized by Quercetin and elemental mapping,
layered image.
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Figure 3.13. Quercetin and copper nanoparticles spectrum EDX elemental mapping: copper nanoparticles
field electron micrograph.
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XRD Analysis
The copper nanoparticles' XRD measurements showed. The reflection peaks correspond to

the reflections of 27.393 at 2 Theta values of 1347 (Figure 3.14).
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Figure 3.14. XRD spectrum of CuNPs synthesized with Quercetin

Antimicrobial

At this point (7.50+0.00 mg), kill 6 logs of the bacteria Escherichia coli at 37° C for 24
hours. Also, at this point (6.25+2.17 mg) kill 6 log bacteria Staphylococcus aureus it means
(1.000.000) (Table 3.2.).

Table 3.2. Minimum inhibitory concentrations of Quercetin+ Cu nanoparticles (MIC) Mean+Standard

Deviation).
No | Matter Escherichia coli Staphylococcus aureus
1 Quercetin+ Cu (mg) 7.50+0.00 6.25+£2.17
2 Cu (mg) 2832+981 1416+491
3 Quercetin (mg) 188+81 375+162

The compared solid and liquid concentration of Cu. This number (7.50+0.00 mg) lower
than this (2832+981mg) number for Escherichia coli and (6.254+2.17mg) lower than this
(1416+491mg) for Staphylococcus aureus. Only Cu needs for (2832+981mg) to kill 6 logs of the
bacteria Escherichia coli (mg) and (1416+491 mg) to kill six records of the Staphylococcus

aureus (mg).
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3.2. Gallic acid nanoparticles

3.2.1. Gallic acid and Silver nanoparticles

UV- VIS spectroscopy
UV-Vis spectroscopy using the (UVWIN 5 software) spectrophotometer in the wavelength
range between 300 and 700 nm was performed for optical investigation. The UV-Vis absorption

spectrum of Gallic acid was shown in (Figure 3.15) with A max at 466.73 nm.
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Figure 3.15. Gallic acid UV-Vis absorption spectrum, with a maximum at 464.181 nm.

One of the most commonly used UV-visible spectroscopies is structural characterization
methods for silver from nanoparticles. A band of maximum surface absorption 739.33 nm
suggesting the existence of objects with a spherical shape or nearly spherical Ag nanoparticles
was shown by the absorption spectrum of the dark yellow-brown silver colloids. UV-VIS
spectrum of AgNPs synthesized with Gallic acid was observed a maximum absorption at 429.708

nm (Figure 3.16).
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Figure 3.16. UV-VIS spectrum of AgNPs synthesized with Gallic acid
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FTIR Analysis

This peak 3372 cm™ (COOH), for stretching hydroxyl (O-H) at 3288 cm™, for stretching
C=0 at 1699 cm™'. The peaks of 1696 cm™ and 1249 cm™ suggest that Carboxylic groups are
present. The absorption bands at 1600-1620 cm™ and the extreme absorption at 864-868 cm’
confirm the aromatic character of the compound. The bands between 1200 and 1270 cm™ reflect

the vibration of phenol and carboxyl C-O deformation (Figure 3.17).
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Figure 3.17. FTIR spectra of Gallic acid.

The FTIR spectrum of Gallic acid 3445, 2925, 2340, 1548, 1397, 1313, 1118, 1054, 876,
and 617 cm™. The large uptake of the hydroxyl group (O-H) occurs at 3445.5 cm™ in the 3500-
3000 cm™ region. Due to symmetrical stretching and curved vibrations of saturated hydrocarbons,
there were weak bands at 2925 and 1313 cm’, respectively. The absorption bands at 2340 and
1202 cm™ were due to the C-N band and the amide stretch, respectively, which could be involved
in AgNPs biosynthesis in the form of egg white (by reducing the metal salt AgNO;). Also, the
weak bands C-O bands of alcohols and phenols at 1118 and 1054 cm™ represented. At 876 cm™,
the observed tensile vibration is due to C=C of the aromatic group region and a high peak at The

C-X groups of alkyl halides were presented at 617 cm™ (Figure 3.18).
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Figure 3.18. FTIR spectra of AgNPs synthesized with Gallic acid
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SEM Analysis

More a better understanding of the morphology and size information of the silver
nanoparticles was provided by SEM. The photos show the cubic shapes of the nanoparticles. In
the scanned electron micrograph image of the silver nanoparticle pellet solution, an investigation
into the elementary mapping of silver nanoparticles shows a high distribution of metal silver.
SEM Analysis in the scanned electron micrograph image of the silver nanoparticle pellet solution,
an analysis of the elemental mapping of silver nanoparticles shows a low distribution of metallic

silver (Figure 3.19).
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Figure 3.19. SEM image of silver nanoparticles synthesized by Gallic acid at various enlargement levels
(500 pm, 50.0 pm, 5.00 um, 1.00 um).

EDX Analysis

It shows a strong carbon signal together with a strong silver and weak gold peak, which can
start during drying due to the scorching of nanoparticles. Several soft Au, and O signals were also
observed. A high amount of silver with atomic composition of 95.6 per cent (Figure 3.20) was
shown.

The result of the EDX study showed that in the synthesis, there was a small amount of Au

with atomic composition of 2.5 per cent (Figure 3.21).
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A substantial silver signal along with weak oxygen and a carbon peak is seen in the EDX
profile, which may begin with biomolecules that have been attached to the AgNP surface. Few

inferior C, O and Au signals have been observed as well (Figure 3.21).

EDS Layered Image

Figure 3.20. EDX spectrum of silver nanoparticles synthesized by Gallic acid and elemental mapping,
layered image.
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Figure 3.21. Elemental composition analysis and field electron micrograph of AgNPs
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XRD Analysis

The silver nanoparticles' XRD measurements showed. The reflection peaks correspond to
the reflections of 152.87, 72.733, 46.131, 46.949 and 17.509 at 2 Theta values of 38.05, 44.35,
64.487, 77.51, and 81.559 pictures show the plane shapes of the nanoparticles (Figure 3.22).
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Figure 3.22. XRD spectrum of AgNPs synthesized with Gallic acid.

Antimicrobial

At this point (3.75+0.0 mg), kill 6 logs of the bacteria Escherichia coli at 37° C for 24
hours. Also, at this point (37.50+0.00 mg), kill 6 log bacteria Staphylococcus aureus (Table 3.3.).

Table 3.3. Minimum inhibitory concentrations of solid nanoparticles (MIC) Mean+ Standard Deviation).

No | Matter Escherichia coli Staphylococcus aureus
1 Gallic acid+ Ag (mg) 3.75+0.00 37.50+0.00
2 Gallic Acid (mg) 133446 106446
3 Ag (mg) 26+9 21+9

The compared solid and liquid concentration of Ag, this number (3.75+0.00 mg) lower than

this number (133+46 mg) for Escherichia coli and (37.50+0.00 mg) lower than this number

(106+46 mg) for Staphylococcus aureus (mg). Only Ag needs for (269 mg) to kill 6 logs of the

bacteria Escherichia coli (mg) and (21+9 mg) to kill six records of the Staphylococcus

aureus (mg).

3.2.2. Gallic acid and copper nanoparticles

UV-VIS spectroscopy

The UV-Vis absorption spectrum of copper nanoparticles at 442.316 nm in(Figure 3.23).
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Figure 3.23. UV-VIS spectrum of CuNPs synthesized with Gallic acid

FTIR Analysis

Figure 3.24. shows that copper nanoparticles are mediated by the FTIR spectrum of Gallic
acid 3485, 2925, 2851, 1612, 1417, 1034, 1051, and 873 cm™'. These findings have revealed the
robustness of the CuNPs synthesis in this work since nanoparticles can be collected under a wide
range of conditions. This peak 3485 cm™ (COOH), several peaks have shown no major changes
in the area of 2925 cm™ (C-H stretching) and 1051 and 1034 cm™ (C-O stretching), this peak
2851cm(Ar C-Stretching), this peak 1612 cm™ (C=0 ), this peak 1417 cm™(C=C bending

mode), the spectrum 873 cm’ (=C-H Aromatic ring).
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Figure 3.24. FTIR spectra of Gallic acid and copper nanoparticle.
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SEM Analysis
SEM Analysis In the scanned electron micrograph image of the copper nanoparticle pellet
solution, an analysis of the elemental mapping of copper nanoparticles shows a low distribution

of metallic copper (Figure 3.25).

SU3500 15.0kV 5.5mm x1.00k SE 50.0um SU3500 15.0kV 5.4mm x5.00k SE

Figure 3.25. SEM image of copper nanoparticles synthesized by Gallic acid at various enlargement levels
(500 um, 50.0 pm, 10.00 pum).

EDX Analysis
In a strong copper signal and a weak carbon and silver, a peak is seen in the EDX profile

which can start with biomolecules at the CulNPs surface (Figure 3.26).
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Figure 3.26. EDX spectrum of copper nanoparticles synthesized by Gallic acid and elemental mapping,
layered image
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It shows a strong carbon signal together with a strong copper and weak gold and silver
peak, which can start during drying due to the scorching of nanoparticles. A high amount of
copper with atomic composition of 37.4 per cent (Figure 3.27) was shown. A substantial copper
signal along with weak oxygen and a carbon peak is seen in the EDX profile, which may begin
with biomolecules that have been attached to the CuNP surface. Few inferior C, O and Au signals
have been observed as well The EDX analysis revealed a significant amount of Cu, with atomic

composition of 37.4 per cent of the synthesis (Figure 3.27).
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Figure 3.27. Elemental composition analysis and field electron micrograph of CuNPs

XRD Analysis

The copper nanoparticles' XRD measurements showed. The reflection peaks correspond to
the reflections of 780.135, 735.002, 1465.53 and 758.97 at 2 Theta values of 20.009, 22.409,
31.47, and 54.687 (Figure 3.28).
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hours. Also, at this point (10.00+2.17 mg) kill 6 log bacteria Staphylococcus aureus it means
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Figure 3.28. XRD spectrum of CuNPs synthesized with Gallic acid.

Antimicrobial

At this point ( 10.00+2.17 mg), kill 6 logs of the bacteria Escherichia coli at 37° C for 24

(1.000.000) (Table 3.4.).

Table 3.4. Minimum inhibitory concentrations of solid nanoparticles (MIC) Mean+ Standard Deviation).

No | Matter Escherichia coli Staphylococcus aureus
1 Gallic Acid+ Cu (mg) 10.00£2.17 10.00£2.17
2 Gallic Acid (mg) 133+46 106+46
3 Cu (mg) 2832+981 1416+491

mg) for Staphylococcus aureus. Only Cu needs for (2832+981mg) to kill 6 logs of the bacteria

The compared solid and liquid concentration of Cu. This number (10.00+£2.17 mg) lower
than this (133446 mg) number for Escherichia coli and (10,004+2,17mg) lower than this (106+46

Escherichia coli (mg) and (1416491 mg) to kill 6 logs of the Staphylococcus aureus (mg).

3.3. Gallic acid, Quercetin nanoparticles

3.3.1.

Gallic acid, Quercetin Silver nanoparticles

UV- VIS spectroscopy

The UV-Vis absorption spectrum of silver nanoparticles at 462.42 nm (Figure 3.29).
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Figure 3.29. UV-VIS spectrum of AgNPs synthesized with Quercetin+Gallic acid

FTIR Analysis

The silver nanoparticles are mediated by the Gallic acid and quercetin FTIR spectrum
3761, 3425, 2922, 2848, 2340, 1612, 1534, 1383 and 668 cm™. The absorption peaks of silver
nanoparticles were observed in the IR spectra at 3425 cm™ (OH group alcohols and phenols);
1612 cm™ (C - O group carboxylic acids); 1383 cm™ (C = O group carboxylic acids); and 1038
cm™ (C = O group carboxylic acids) (C-OH). The IR spectra of silver nanoparticles peak at 3661
cm™' O-H stretching alcohol and phenols, according to a recent study. This peak is located at 2922
and 2848 cm-1 O-H stretching (carboxylic acid), and this peak is located at 2340 cm™ C triple N
stretching in (Figure 3.30).
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Figure 3.30. FTIR spectra of Quercetin, Gallic acid with silver nanoparticle.
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SEM Analysis

SU3500 15.0kV 5.5mm x100 SE

,%’

2 . . 2 o | 1 74 T
SU3500 15.0kV 5.5mm x1.00k SE 50.0pm SU3500 15.0kV 5.5mm x5.00k SE 10.0um

Figure 3.31. SEM image of silver nanoparticles synthesized by Quercetin + Gallic acid at various
enlargement levels (500 pm, 50.0 pm, 10.00 pm).

SEM research shown in (Figure 3.31) the morphological features of synthesized copper
nanoparticles have been studied (above). SEM studies showed that most of the particles are

spherical.
EDX Analysis

In a strong oxygen signal and a weak carbon and silver, a peak is seen in the EDX profile

which can start with biomolecules at the AgNPs surface (Figure 3.32).
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Figure 3.32. EDX spectrum of silver nanoparticles synthesized by Quercetin+ Gallic acid and elemental
mapping, layered image.

The result of the EDX analysis indicates the presence of a high amount of Ag with an

atomic composition of 92,2 % of the synthesis (Figure 3.33).
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Figure 3.33. Elemental composition analysis and field electron micrograph of AgNPs
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XRD Analysis

The silver nanoparticles XRD measurements. The reflection peaks correspond to the
reflections of  631. 748, 1052, 857, 941 .539, 1, 806.8477, 618.279, and 607.979 at 2 Theta
values of 38.05, 44.25, 64.42 and 77.22 pictures show the cubic shapes of the nanoparticles
(Figure 3.34).
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Figure 3.34. XRD spectrum of AgNPs synthesized with Quercetin+Gallik acid

Antimicrobial

At this point (7.50+0.0 mg) kill 6 log of the bacteria Escherichia coli at 37° C for 24 hours.

Also, at this point (5.00£2.65 mg) kill 6 log Bactria Staphylococcus aureus.

The compared solid and liquid concentration of Ag. This number (7.50+0.0 mg) lower
than this (184+64 mg) number for Escherichia coli and (5.00+2.65mg) lower than this ( 221+0

mg) for Staphylococcus aureus .only cu needs for (26+9 mg) to kill 6 log of the

bacteria Escherichia coli(mg) and (21£9 mg) to kill 6 log of the Staphylococcus aureus (mg)
(Table 3.5.).

Table 3.5. Minimum inhibitory concentrations (MIC) of Quercetin+Gallic acid AgNPs (Mean+Standard

Deviation).
No Matter Escherichia coli Staphylococcus aureus
1 Quercetin+Gallic acid+Ag 7.50+0.00 5.00+£2.65
2 Gallic Acid+Quercetin (mg) 184+64 221+0
3 Ag (mg) 26+9 2149
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3.3.2. Gallic acid, Quercetin and copper nanoparticles

UV-VIS spectroscopy
The UV-Vis absorption spectrum of copper nanoparticles at 426.994 nm (Figure 3.35).
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Figure 3.35. UV-VIS spectrum of CuNPs synthesized with Quercetin+Gallic acid

FTIR Analysis
The copper nanoparticles are mediated by the Gallic acid and quercetin FTIR spectrum
3731, 3415, 2922, 2848, 1538, 1400, 1309, 1262, 1108, 819, and 758 cm™. The peaks at the
wavelength range from 3700 to 3100 cm™ displayed O-H stretching modes in CuNPs. Also, C—H
stretching vibrations at the heights of 3000-2800 cm™ were attributed. Moreover, the peaks 1643,
1538, 1400, 1309, 1103, 1226, 1108, 819 cm” demonstrated carboxylic group (C=0), C-OH
vibrations, Carboxylic acid (C-O), (C-O) stretches, =C-H bending (Aromatic ring) (Figure 3.36).
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Figure 3.36. FTIR spectra of Quercetin, Gallic acid and copper nanoparticle.
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SEM Analysis
The morphological features of synthesized copper nanoparticles have been studied (above).

SEM studies showed that most of the particles are spherical in (Figure 3.37).

i
SU3500 15.0kV 5.6mm x1.00k SE 50.0um SU3500 15.0kV 5.4mm x10.0k SE

Figure 3.37. SEM image of copper nanoparticles synthesized by Quercetin + Gallic acid at various
enlargement levels (500 um, 50.0 pm, 5.00 pm).

EDX Analysis
In a strong oxygen signal and a weak carbon and copper, a peak is seen in the EDX profile

which can start with biomolecules at the CulNPs surface (Figure 3.38).
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Figure 3.38. EDX spectrum of copper nanoparticles synthesized by Quercetin+Gallic acid and elemental
mapping, layered image.

The result of the EDX analysis indicates the presence of a high amount of Cu with an
atomic composition of 21.8 %. But the number of carbon atoms 37,0 % even higher than copper,

also, the atomic composition of oxygen 34,9 %, Au 3,0 %, Na 1,5, % (Figure 3.39).
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Figure 3.39. Elemental composition analysis and field electron micrograph of CuNPs
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XRD Analysis

The copper nanoparticles' XRD measurements showed. The reflection peaks correspond to
the reflections of 631.748, 1052.857, 941.539, 1655.800, 806.8477, 618.279, and 607.979 at 2
Theta values of 20.335, 27.329, 30.817, 37.94, 44.052, 64.418, and 77.22 (Figure 3.40).
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Figure 3.40. XRD spectrum of CuNPs synthesized with Quercetin+Gallik acid

Antimicrobial
At this point (7.50+0.00 mg) kill 6 log of the bacteria Escherichia coli at 37° C for 24
hours. Also, at this point (8.754+2.17 mg) kill 6 log bacteria Staphylococcus aureus (Table 3.6.).

Table 3.6. Minimum inhibitory concentrations of solid nanoparticles (MIC) Mean+ Standard Deviation).

No Matter Escherichia coli Staphylococcus aureus
1 Quercetin+ Gallic acid+ Cu (mg) 7.50+0.00 8.75+2.17
2 Gallic acid+ Quercetin(mg) 184+64 221+0
3 Cu (mg) 28324981 1416+491

The compared solid and liquid concentration of Cu .This number (7.50+0.0 mg) lower than
this (184+£64 mg) number for Escherichia coli and (875+217 mg) lower than this (22140.0 mg)
for Staphylococcus aureus. Only Cu needs for (2832+981 mg) to kill 6 log of the
bacteria Escherichia coli (mg) and (1416+491 mg) to kill 6 log of the Staphylococcus aureus

(mg).
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3.3.3. Gallic acid, Quercetin, silver and copper nanoparticles

UV-VIS spectroscopy
The UV-Vis absorption spectrum of silver and copper nanoparticles at 468.65 nm in

(Figure 3.41).
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Figure 3.41. UV-VIS spectrum of AgCuNPs synthesized with Quercetin+Gallic acid

FTIR Analysis

Infrared spectroscopy of Fourier transform (FTIR) was used identification of the
potentially liable biomolecules to minimize and stabilize AgNPs and CuNPs. The FT-IR spectra
of AgNPs and CuNPs, synthesized nanoparticles made with extracts of water and ethanol it is
hawthorn. Nanoparticles of metal were synthesized using AgNO; and Cu (NO;),.5H,0. The key
spectrum is showing bands at 3432, 2925, 2854, 1628, 1121, 1138 and 812 cm™.This 3432 cm™
middle 3300-3500 cm™ N -H stretch max this 2925 cm™ OH (carboxylic acid) stretch peak. This
peak 2854 cm™ C-H. This peak 1628 cm™ C=O stretching. The wave number 1121cm” C=0
stretching. The group of peaks in the range of 1600-1400 cm™ corresponds to C= C bonds
stretching this spectrum 1138 cm™ C=C and 812 cm™ spectrum =C-H bending (Aromatic ring)
(Figure 3.42).
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Figure 3.42. FTIR spectrum of AgCuNPs synthesized with Quercetin+Gallic acid.
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SEM Analysis
SEM research was shown in the morphological features of synthesized silver and copper

nanoparticles have been studied. SEM studies showed that most of the particles are spherical (Figure 3.43).

i ;

SU3500 15.0kV 5.2mm x100 SE

4mm x1.00k SE 50.0pm SU3500 15.0k\ x10.0k SE

Figure 3.43. SEM image of silver nanoparticles synthesized by Quercetin at various enlargement levels
(500 pm, 50.0 pm, 5.00 pm).
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EDX Analysis
In a strong silver signal and a weak carbon, a peak is seen in the EDX profile which can

start with biomolecules at the CuNPs surface (Figure 3.44).
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Figure 3.44. EDX spectrum of AgCuNPs nanoparticles synthesized by Quercetin+Gallic acid and
elemental mapping, layered image.



The result of the EDX analysis indicates the presence of a high amount of Ag with an
atomic composition of 48.82 %, Cu atoms 4.88 % even higher than copper, also, the atomic

composition of oxygen 4.77 %, C 2.95 %, Mg 1.00 % (Figure 3.45.).
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Figure 3.45. XRD spectrum of AgCuNPs synthesized with Quercetin nanoparticles.

XRD Analysis

The silver and copper nanoparticles’ XRD measurements showed (Figure 3.46). The
reflection peaks correspond to the reflections of 2016.97, 673.43, 531.19 and 563.67 at 2 Theta
values of 38.22 (Ag), 44.38 (Cu), 64.52 (Cu) and 77.46 (Cu).
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Figure 3.46. XRD spectrum of AgCuNPs synthesized with Quercetin+Gallik acid

Antimicrobial

At this point (3.13£1.08 mg), kill 6 logs of the bacteria Escherichia coli at 37° C for 24
hours. Also, at this point (5.63+3.25 mg), kill 6 log bacteria Staphylococcus aureus. The
compared solid and liquid concentration of Ag and Cu, this number (3.134+1.08 mg) lower than
this (184464 mg) number for Escherichia coli and (5.6343.25 mg) lower than this (221+0 mg) for
Staphylococcus aureus only Ag and Cu needs for (3010 mg) to kill 6 logs of the bacteria
Escherichia coli(mg) and (1500 mg) to kill 6 logs of the Staphylococcus aureus (mg) (Table

3.7).

Table 3.7. Minimum inhibitory concentrations (MIC) of AgCuNPs synthesized with Quercetin+Gallic
Acid (Mean+ Standard Deviation).

No Matter Escherichia coli (mg) | Staphylococcus aureus (mg)
1 Gallic acid+Quercetin+Ag+Cu(mg). 3.13+1.08 5.63+3.25
2 Gallic Acid+Quercetin 184+64 221+0
3 Ag+Cu 3010 150+0
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CONCLUSION

Quick and easy synthesis of Ag monometallic particles, monometallic nanoparticles, and
Ag-Cu bimetallic particles by the method through the Quercetin and Gallic acid by reducing
AgNO3 and Cu (NOs;),.3H,0 solutions. It was successfully achieved by returning. It is worth
mentioning that the nanoparticles formed by Ag and Cu, which are found together with Quercetin
and Gallic acid were examined in this study and showed a rapid and successful big improvement.

The crystal structure, morphology with UV/VIS, FTIR, XRD, and SEM spectroscopy were
used to characterize the optical properties of the silver-copper nanoparticles. The formation of
Ag, Cu, and Ag-Cu NPs was monitored by surface Plasmon resonance (A max at 300-700 nm)
and UV-vis spectra in all nanoparticles and without the use of heat. We first observed the
formation of nanoparticles as early as one hour in the water solution and the reactions were
completed within two hours for NPs. The XRD models confirmed the formation of Ag, Cu, and
Ag-Cu bimetallic nanoparticles, due to their presenting peaks of their own. SEM analysis shows
that the morphology of the Ag NPs has a cubic shape; The Ag-CuNPs are also the same, while
the CuNPs showed spherical shapes. The EDX spectrum emphasizes high silver signals in AgNPs
and Ag-CuNPs synthesized by Quercetin and Gallic acid, the peak of copper was recorded for
CulNPs synthesized by Gallic acid recorded strong peaks compared to Quercetin, the EDX
spectrum was very weak in CuNPs synthesized by Qurcetin.

The antimicrobial activity showed that the colloidal AgNPs, CuNPs and AgCoNPs
synthesized by Quercetin and Gallic acid inhibited the growth of the test bacteria S.aureus, and
E.coli. Quercetin is stronger than Gallic acid because its lower concentration kills the same
number of bacteria 6 logs (1,000,000). The difference between Escherichia coli (3.75 £ 0.00)
(mg) and Staphylococcus aureus (37.50 £ 0.00) (mg) means Escherichia coli more sensitive than
Staphylococcus aureus also Staphylococcus aureus more resistant than Escherichia coli, in
combination with quercetin and Ag nanoparticles (2.11 mg) higher than liquid Ag (0.26 + 0.09
mg), because 2.11 mg nanoparticles are critical in Ag nanoparticles, and only 188 mg are used
quercetin.

The synthesized nanoparticles can be used for the manufacture of antibacterial drugs due to
the bacterial activity of the Nano, as a result lays the manufacture of materials active against

bacteria.
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