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Abstract

The minimum size of nanoparticles is 100 nm. Biosynthesis of copper
nanoparticles using pistachio shells is an environmentally friendly and
sustainable way to create them. Nanoparticles can have a wide range of
applications in many fields. The metal is vaporized in a vacuum chamber and
then super cooled by a stream of inert gas. The super cooled metal vapour
condenses into Nano-meter-sized particles that can be entrained by the inert
gas flow and deposited on the substrate or studied in situ. Several different
techniques are used for characterization, mostly from material science.
Common techniques include scanning electron microscopy (TEM, SEM),
atomic force microscopy (AFM), dynamic light scattering (DLS), X-ray
photoelectron spectroscopy (XPS), X-ray powder diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR). Matrix-assisted laser
desorption/ionization time-of-fight mass spectrometry (MALDI-TOF),
ultraviolet-visible spectroscopy, dual polarization interferometry and nuclear
magnetic resonance (NMR). Therefore, this study focused on the biosynthesis
and characterization of copper nanoparticles from pistachio shells and their

antimicrobial activity studies.

Key words: Green synthesis, copper nanoparticles, Characterization, SEM WITH

EDAX, antimicrobial studies.
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CHAPTER 1
INTRODUCTION

Nanotechnology is a scientific revolutionary and enhanced due to elaborate
research all over the world. Nanoparticles have a minimum dimension of 100nm in
size. Nanoparticles are demonstrated by the completely new and enhanced
properties. They also offer high surface to volume ratios. These unique particles
are divided into three distinct groups: natural, incidental, engineered. This
classification is based on the basis of origin, metal nanopatrticles, oxides, bimetallic
and other inorganic nanoparticles. In the contemporary landscape, the realm of
nanoparticles has evolved into a dynamic field of research, capturing the

imagination of scientists and engineers alike. (Mott D et al., 2013)

The current state of nanoparticle research is marked by a surge in
interdisciplinary efforts, spanning fields such as chemistry, physics, biology, and
materials science. Researchers are actively exploring novel synthesis methods,
including green and sustainable approaches, to address environmental concerns
and promote eco-friendly applications. Over the past few years, considerable
interest has been focused on metal nanoparticles due to their potential
applications in diverse fields including catalysis, magnetic recording media, or
microelectronics. Various methods are now known which enable one to prepare

these nanoparticles with controlled size and shape. (Ananth et al., 2015)

The biosynthesis of nanoparticles using natural sources has emerged as an
environmentally friendly and sustainable alternative to conventional chemical
methods. The pistachio shell, often considered as an agricultural waste, presents
an intriguing resource for the green synthesis of copper nanoparticles. Harnessing
the inherent reducing and capping agents present in pistachio shells allows for an

eco-friendly and cost-effective synthesis route. (Ahamed et al., 2014)

To comprehend the characteristics and properties of the synthesized copper
nanoparticles, various sophisticated characterization techniques have been
employed. Ultraviolet-visible spectroscopy (UV), X-ray diffraction (XRD), Fourier-

transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and



assessment of anticancer properties stand as the pillars of this comprehensive
investigation. (Abboud et al., 2014)

UV spectroscopy is employed to probe the optical properties of the
nanoparticles, providing insights into their size, shape, and stability. XRD analysis
aids in elucidating the crystalline nature and crystallographic structure of the
nanoparticles. FTIR spectroscopy enables the identification of functional groups on
the nanoparticle surface, shedding light on the biomolecules responsible for

capping and stabilizing the nanoparticles.

The morphological aspects of the synthesized copper nanoparticles are
unveiled through SEM, allowing for a detailed examination of their size, shape,
and surface characteristics. Beyond mere physical characterization, this study also
ventures into the potential biomedical applications of the copper nanoparticles by
assessing their anticancer properties, exploring their role as a promising candidate

in the fight against cancer. (Ren G et al., 2009)

In essence, the biosynthesis and characterization of copper nanoparticles
using pistachio shells represent a fusion of biotechnology nanotechnology, and
biomedical research. The findings of this study not only contribute to the
expanding knowledge base in Nano-science but also hold promise for the
development of sustainable and multifunctional Nano-materials with diverse

applications. (Singh J et al., 2016)
PROPERTIES

Nanoparticles fall in the intermediate size range between bulk materials and
individual atoms or molecules. The size of materials approaches the Nano scale (1-100
Nano meters) size-dependent properties start to emerge. The percentage of atoms at the
surface becomes significant compared to the bulk. The large surface area relative to the
small volume of the nanoparticle interesting and sometimes unexpected properties of
nanoparticles therefore largely due to the large surface area of the material, which

dominates the contributions made by the small bulk of the material.

An excellent example of this is the absorption of solar radiation in photovoltaic
cells, which is much higher in materials composed of nanoparticles than it is in thin



films of continuous sheets of material. In this case the smaller the particles greater

than solar absorption.

Other size-dependent property changes include quantum confinement in
semiconductor particles, surface Plasmon resonance in some metal particles and
superparamagnetism in magnetic materials. Ironically, the changes in physical
properties are not always desirable. Ferroelectric materials smaller than 10 nm
can switch their magnetization direction using room temperature thermal energy,

thus making them unsuitable for memory storage.

Suspensions of nanoparticles are possible since the interaction of the particle
surface with the solvent is strong enough to overcome density differences, which
otherwise usually result in a material either sinking or floating in a liquid.
Nanoparticles also often possess unexpected optical properties as they are small
enough to confine their electrons and produce quantum effects. For example gold

nanoparticles appear deep red to black in solution.

Clay nanoparticles when incorporated into polymer matrices increase
reinforcement, leading to stronger plastics, verifiable by a higher glass transition
temperature and other mechanical property tests. These nanoparticles are hard,
and impart their properties to the polymer (plastic). Nanoparticles have also been

attached to textile fibers in order to create smart and functional clothing.

Metal, dielectric, and semiconductor nanoparticles have been formed, as well
as hybrid structures (e.g., core-shell nanoparticles). Nanoparticles made of
semiconducting material may also be labeled quantum dots if they are small
enough (typically sub 10 nm) that quantization of electronic energy levels occurs.
Such Nano-scale particles are used in biomedical applications as drug carriers or

imaging agents.

Semi-solid and soft nanoparticles have been manufactured. A prototype
nanoparticle of semi-solid nature is the liposome. Various types of liposome
nanoparticles are currently used clinically as delivery systems for anticancer drugs

and vaccines.



Synthesis

There are several methods for creating nanoparticles, including both attrition
and pyrolysis. In attrition, macro or micro scale particles are ground in a ball mill, a
planetary ball mill, or other size reducing mechanism. The resulting particles are
air classified to recover nanoparticles. In pyrolysis, a vaporous precursor (liquid or
gas) is forced through an orifice at high pressure and burned. The resulting solid
(a version of soot) is air classified to recover oxide particles from by-product
gases. Pyrolysis often results in aggregates and agglomerates rather than

singleton primary particles.

Thermal plasma can also deliver the energy necessary to cause evaporation of
small micrometer size particles. The thermal plasma temperatures are in the order
of 10,000 K, so that solid powder easily evaporates. Nanoparticles are formed
upon cooling while exiting the plasma region. The main types of the thermal
plasma torches used to produce nanoparticles are dc plasma jet, dc arc plasma
and radio frequency (RF) induction plasmas. In the arc plasma reactors, the
energy necessary for evaporation and reaction is provided by an electric arc which
is formed between the anode and the cathode. For example, silica sand can be
vaporized with arc plasma at atmospheric pressure. The resulting mixture of
plasma gas and silica vapor can be rapidly cooled by quenching with oxygen, thus
ensuring the quality of the fumed silica produced. In RF induction plasma torches,
energy coupling to the plasma is accomplished through the electromagnetic field
generated by the induction coil. The plasma gas does not come in contact with
electrodes, thus eliminating possible sources of contamination and allowing the
operation of such plasma torches with a wide range of gases including inert,

reducing, oxidizing and other corrosive atmospheres.

The working frequency is typically between 200 kHz and 40 MHz Laboratory
units run at power levels in the order of 30-50 kW while the large scale industrial
units have been tested at power levels up to 1 MW. As the residence time of the
injected feed droplets in the plasma is very short it is important that the droplet
sizes are small enough in order to obtain complete evaporation. The RF plasma
method has been used to synthesize different nanoparticle materials, for example



synthesis of various ceramic nanoparticles such as oxides, carbours/carbides and
nitrides of Ti and Si.

Inert-gas condensation is frequently used to make nanoparticles from metals
with low melting points. The metal is vaporized in a vacuum chamber and then
super cooled with an inert gas stream. The super cooled metal vapor condenses in
to nanometer-sized particles, which can be entrained in the inert gas stream and

deposited on a substrate or studied in situ.

Characterization

Nanoparticle characterization is necessary to establish understanding and
control of nanoparticle synthesis and applications. Characterization is done by
using a variety of different techniques, mainly drawn from materials science.
Common techniques are electron microscopy (TEM,SEM), atomic force
microscopy (AFM), dynamic light scattering (DLS), x-ray photoelectron
spectroscopy (XPS), powder X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF),ultraviolet-visible spectroscopy, dual polarization

interferometry and Nuclear magnetic resonance(NMR).

Therefore, the present investigation was focused on “Biosynthesis and
characterization of copper nanoparticles from Pistachio shells” and studies on their

antimicrobial activity. ”



CHAPTER 2
LITERATURE SURVEY

In a study, Nanotechnology is a set of methods and techniques aimed at
obtaining materials with novel functionalities and improved characteristics.
Nanotechnology was first postulated by Richard Feynman in 1959 and is
considered one of the fastest growing fields of scientific research as well as
technology development at world level. The utilization and application of
nanoparticles are widely focused on field of chemical, energy, healthcare, and
cosmetics (Santos et al.,, 2015). Nanoparticles exist in organic and inorganic
modules constituting ferritins, liposomes, micelles, dendrites and NPs with
magnetic properties, metal, semiconductor NPs such as oxides, nitrides and

sulphides, respectively (Nabi et al., 2019).

For the study of copper existing as oxide of titanium is recognized as NPs of
metal oxides constituting unique optical, thermal, electric, and magnetic properties
and these synthesis methods have limitations arising from the use of high energy
pressure and temperature as well as from the use of toxic chemicals for
synthesizing. Therefore, there is a need for developing environmental and less
costly synthesis methods for CUNPs, making it applicable for large scale
production. The cost-effective and eco-friendly Cu NPs synthesis is possible
through employing green synthesis methods by utilizing biological extracts as
reducing agents and can also lead to large scale production of NPs (Edmundson
et al., 2014; Chen et al., 1995).

2.2 SYNTHESIS OF COPPER NANOPARTICLE

The Cu nanoparticles were synthesized by chemical reduction process using
copper (IlI) sulphate pent hydrate as precursor salt and starch as capping agent.
The preparation method starts with addition of 0.1 M copper (Il) sulphate pent
hydrate solution into 120 mL of starch (1.2 %) solution with vigorous stirring for 30
min. In the second step, 50 mL of 0.2 M ascorbic acid solution is added to

synthesis solution under continuous rapid stirring. Subsequently, 30 mL of 1 M



sodium hydroxide solution was slowly added to the prepared solution with constant
stirring and heating at 80 °C for 2 h. The colour of the solution turned yellow to
ochre. After the completion of reaction, the solution was taken from the heat and
allowed to settle overnight and the supernatant solution was then discarded
cautiously. The precipitates were separated from the solution by filtration and
washed with deionized water and ethanol for three times to take out the excessive
starch bound with the nanoparticles. Ochre colour precipitates obtained are dried
at room temperature. After drying, nanoparticles were stored in glass vial for

further analysis (Shenmar et al, 2002).

2.3 CHARACTERIZATION OF COPPER NANOPARTICLE

For the study of the copper nanoparticles absorption spectra of the
biosynthesized CU NPs were recorded by using JASCO V-670 UV-Vis
spectroscopy equipped with a diffuse reflectance attachment for powder samples
in between a wavelength scan of 200 and 800 nm. Bio- synthesized CU NPs were
characterized by field emission scanning electron microscopy equipped with
energy dispersive X-ray spectroscopy (FE-SEM, JEOL-JSM 6500F, made in
Japan) (Mukunthan K & Balaji S et al., 2012). The crystalline structure and the
average crystalline size of the biosynthesized copper NPs were investigated using
an X-ray diffract meter (XRD-7000, Shimadzu Co., Japan) and were recorded with
26 from 10 to 80 using CuKa (A = 1:54056 A) radiation operated at 40 kV and 30
mA. The morphology was analysed using high-resolution transmission electron
microscopy (HRTEM, Tecnai F20 G2, Philips, Netherlands) at an accelerating
voltage of 200 kV.

CUNPs were characterized and recorded using Fourier transform infrared
spectroscopy (FTIR, Perkin Elmer 65) to analyse and detect surface functional
groups of the bio-synthesized CUNPs nanoparticles at the scanning range of
4000-400cm -1 (R. Shashikant Kuchekar et al., 2017).

Similarly, the optical property of CU NPs with visible spectroscopy is usually
used technique in the characterization of nanoparticles. The Ultra-violet (UV) and
visible (Vis) commonly known as UV-visible within the 300-800 nm are generally
used for characterizing various metal Nano-particles in the size range of 2-100 nm
and more (Pal et al., 2007;Gugliotti et al., 2005). The absorption spectrum of UV-
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Visible (wave-length versus absorbance) exhibits two peaks at wavelength of 264
nm and 322 nm, that it's unique of CU NPs well in an agreement with their ported
results (Maar et al., 2019; Solano et al., 2019). UV-visible spectroscopy has also
been used for the confirmation of CU NPs formation in aqueous solution. At
different conditions by different scientific studies showed that the reduction of
copper ions and the generation of CU NPs are completed after few hours
incubation time at room temperature (Schuler et al., 2013; Yeganeh-Faal et al.,
2017).

A study conducted in the Fourier transform infrared spectroscopy (FTIR) is a
characterization technique used to obtain infrared spectra of absorption, emission,
and photo conductivity of solid, liquid, and gas. FT-IR spectroscopy was also
employed for all the synthesized CU NPs either by green or other methods to
specify the possible functional groups present in the synthesized samples by
recording the FTIR spectra’s in the range between 4000 and 400 cm 1 and It being
noticed that CU NPs synthesized by green method showed a similar FTIR
spectrum normally, green samples showed absorption band in the range 650 -
700 cm 1, which corresponds to stretching bond. This absorption peak in between
the wavenumber range 650-700 cm 1 is the characteristic peak of CU NPs
anatase. The peaks appearing in between the range of 1000-1300 cm 1 can be
associated to mainly vibrations which clearly showed O-CU-O bond literature
(Irshad et al., 2020; Sethy et al., 2020).

A study characterized in USA, the crystalline phase identification of the
prepared nanoparticles in the 206 range of 20 to 80- was achieved using D8
Advanced X-ray diffract meter from Bruker (Billerica, MA, USA). The machine is
equipped with a proportional counter using Cu Ka radiation (k = 1.5405 A, nickel
filter). The crystallinity and size of crystallites of the synthesized material was often
characterized with the help of XRD pattern. The structural information was
obtained for the comparison of diffraction pattern of X-rays with the pattern of
standardized plane angles of the substance. For the confirmation of crystallinity,
the obtained results are matched with the Joint Committee on Powder Diffraction
Standards (XRD, JCPDS Card No. 78-2486) (Abisharani et al., 2019; Goutam et
al., 2018).



According to X-Ray Diffraction pattern of crystals, this value is linked to the
anatase type of CU NPs with the phases (anatase, brookite and rutile). Moreover,
this trend is same throughout the research community that anatase form of CU
NPs is observed at this specific plane angle. Synthesis method does not affect this
property of CU NPs such as the study revealed that both CU NPs either
synthesized by sol-gel or green method have the 20 peak 25.6-. The XRD pattern
of CU NPs synthesized by the plant extracts of T. portulacastrum and C. quinoa
compared with sol-gel method and it is confirmed that synthesis method is
independent to the crystallinity of CU NPs (Irshad et al, 2020).

In a study of copper nanoparticles, the use of scanning electron microscopy
(SEM) made it possible to provide information on the size of CU nanoparticles.
The plant synthesized CU nanoparticles are quite poly disperses and they range in
size about 120nm. The scale bar is 10 pM and 20 uM). The numbers 1, 2, 3, 4, 5
and 6 indicate the points in which the measurement was made. To gain a further
insight into the features of CU nanoparticles, the analysis of the sample was
performed using EDAX techniques. The nanoparticles are poorly dispersed, with
spherical clusters with agglomeration. Agglomeration makes it difficult to study
individual nanoparticles. In addition, the presence of CU nanoparticles was
confirmed in the sample. Quantification was studied for each of the areas. This

confirmed the presence of CU nanoparticles in the sample.

A study examined using the synthesized CU NPs were evaluated for
antimicrobial activity against different microorganisms using the disc-diffusion
method. Further antimicrobial activity was evaluated by micro dilution method to
estimate the minimum inhibitory concentration (MIC) for the synthesized CUNPs.
All the tests were done in triplicate. The newly synthesized nanoparticles had
higher antimicrobial activity against Gram-positive bacteria than yeast and Gram-
negative bacteria, respectively. P. vulgaris was the most resistant strain among
the tested microorganisms (inhibition zone diameter 7 mm and MIC value 128
pg/mL) while S. epidermis was the most susceptible microorganism (inhibition

zone diameter 35 mm and MIC value 8 pg/mL). (P. Ristivojevic, 2016).



CHAPTER 3
AIM AND SCOPE OF THE PRESENT INVESTIGATION

3.1 Aim
To synthesize and characterize the copper nanoparticles using Pistachio

shells and to study their anticancer, cytotoxic and anti-inflammatory effects

3.2 Aim and Scope of the Present Investigation

Nanoparticles exhibit completely new or improved properties based on
specific characteristics such as size, distribution and morphology. Copper
nanoparticles exhibit antimicrobial activity. The use of environmentally benign
materials like plant leaf extract, bacteria, fungi and enzymes for the synthesis of
copper nanoparticles offers numerous benefits of eco-friendliness and
compatibility for pharmaceutical and other biomedical applications as they do not
use toxic chemicals for the synthesis protocol. By taking all these views, the

present study was designed with the following objectives,

» To synthesize copper nanoparticles using Pistachio shells.

» To analyze the synthesized copper nanoparticles using UV-Visible
Spectrophotometer.

» To access the synthesized copper nanoparticles using XRD.

» To confirm the chemical compounds of nanoparticles using FTIR.

» To characterize the synthesized copper nanoparticles using SEM and
EDAX.

» To study the antimicrobial effect of the synthesized copper nanoparticles

against E.coli and S.auerus.
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CHAPTER 4
MATERIALS AND METHODS

The materials used and the methods followed in conduct of various

experiments are detailed here.

4.1 Materials:
4.1 Preparation of extracts of Pistachio shells

2.5¢ of dried pistachio shells is weighed and it was crushed without adding
water in a pestle and mortar. The content was filtered in a mesh and the filtrate
was again passed through what Mann no.1 filter paper (pore size 25 pum). The

filtrate then obtained was stored at 4°C for further use.

4.2 Methods:
4.2.1 Preparation of Imm Copper Sulphate Pentahydrate Solution

24.968g of CuNPs was weighed and it was dissolved in 1000ml of distilled
water in 1000ml conical flask. The preparation was mixed and swirled properly.
The flask was then covered with aluminium foil in order to prevent the copper

sulphate solution from photosensitive reaction.

4.2.2 Synthesis of Copper Nanoparticles

The preparation method starts with addition of 0.1 M copper (ll) sulphate
pentahydrate solutions into 120 mL of starch solution with stirring for 30 min. 50
mL of 0.2 M Pistachio shells solution is added to synthesis solution under
continuous rapid stirring. 30 mL of 1 Mm sodium hydroxide solution was slowly
added to the prepared solution with constant stirring and heating at 80 °C for 2 hrs.
The colour of the solution turned yellow to red. After the completion of reaction, the
solution was taken from the heat and allowed to settle overnight and the
supernatant solution was then discarded cautiously. The precipitates were
separated from the solution by filtration and washed with deionized water and
ethanol for three times to take out the excessive starch bound with the

11



nanoparticles. Red colour precipitates obtained are dried at room temperature.

After drying, nanoparticles were stored for further analysis.

4.2.3 Characterization studies

4.2.3.1 Analysis of Synthesized Copper Nanoparticles Using UV-Visible
Spectrophotometry
4.2.3.1.1 Aim

To measure the absorbance of synthesized copper nanoparticles under UV-
Visible Spectrophotometry.
4.2.3.1.2 Principle

Sources of UV radiation

The production of a continuous ultraviolet (UV) spectrum through the
electrical excitation of deuterium or hydrogen at low pressure and process typically
involves the formation of an excited molecular species, which subsequently breaks
up to release two atomic species and an ultraviolet photon. This process typically
involves the formation of an excited molecular species, which subsequently breaks

up to release two atomic species and an ultraviolet photon. This can be shown as;
D> + electrical energy D"+ D' + D" + hv

Both deuterium and hydrogen lamps emit radiation in the range 160 - 580 nm.
Quartz windows must be used in these lamps, and quartz cuvettes must be used,

because glass absorbs radiation of wavelengths less than 480 nm.

Sources of visible radiation

Tungsten filament lamps, also known as incandescent lamps, produce
visible light by heating a tungsten wire filament to a high temperature, causing it to
glow. The emitted light spans a broad range of wavelengths, typically from around
350 to 2500 Nano meters (nm). The temperature is directly related to the operating
voltage. Therefore, the energy emitted is proportional to the fourth power of the
operating voltage. Electronic voltage regulators or constant-voltage transformers

are employed to ensure a steady and reliable power supply to the lamp.

12



Tungsten/halogen lamps consist of a tungsten filament enclosed in a small
quartz envelope. The envelope is filled with a small amount of a halogen gas,
usually iodine or bromine. The tungsten halide compounds are carried to cooler
parts of the lamp, such as the envelope walls. When they come into contact with
the filament again, the tungsten is re-deposited onto the filament.
Tungsten/halogen lamps are known for their efficiency and produce a more
consistent and bright light compared to traditional incandescent lamps. They emit

light over a broader spectrum, including ultraviolet (UV) radiation.

Wavelength selector (monochromator)
All monochromators contain the following component parts;
e An entrance slit
e Acollimating lens
o Adispersing device (usually a prism or a grating)
o Afocusing lens

¢ An exit slit

Polychromatic radiation, which consists of a range of wavelengths, enters the
monochromator through an entrance slit. This slit serves to limit the width of the
incoming beam and allows only a portion of the radiation to enter the instrument.
The incoming beam is then collimated, meaning that the rays of light are made
parallel. This is often achieved using lenses or mirrors to ensure that the light is
incident on the dispersing element as parallel rays. The collimated beam then
strikes a dispersing element, which can be either a diffraction grating or a prism.
The exit slit is a narrow aperture that can be adjusted to allow only a specific

wavelength or a narrow range of wavelengths to exit the monochromator.

Cuvettes

Quartz and fused silica cuvettes not only transmit UV light but are also
transparent in the visible region of the spectrum. This makes them versatile for
spectroscopic measurements that cover both UV and visible wavelengths. Silicate
glasses can be used for cuvettes designed for a broader spectral range, typically
between 350 and 2000 nm.

13



Detectors

This is the entrance point for incoming photons. When photons strike the
photocathode, they release electrons through the photoelectric effect. A series of
dynodes follows the photocathode. Each dynode is at a higher voltage than the
previous one. When an electron strikes a dynode, it releases several secondary
electrons. This process is repeated through multiple dynodes, resulting in a
cascade of electrons amplifying the signal. The final stage of the PMT is the
anode, where the multiplied electrons are collected and produce a measurable

electric current.

A photon of radiation enters the photomultiplier tube and strikes the
photocathode, causing the emission of electrons through the photoelectric effect.
These emitted electrons are accelerated towards the first dynode, which is
typically at a higher potential (e.g., 90V) compared to the cathode. The multiplied
electrons eventually reach the anode, where they are collected. The resulting
current is proportional to the number of electrons produced, which in turn is
proportional to the intensity of the incident light. The amplification factor,
represented by the ratio of output electrons to input photons, is typically on the
order of 10° - 107. The amplified current at the anode is then measured and used

to quantify the intensity of the incoming light.

14



Fig 4.1: Working principle of double beam UV- visible Spectrophotometer

Deuterium Lamp
Tungsten lamp

Fhotomultiplier
Grid mirror
—
|
Reference
-
Sample Sector mirror Concave grating

Source:

http://teaching.shu.ac.uk/hwb/chemistry/tutorials/molspec/dbspec2.qif

Fig 4.1: UV-Visible spectroscopy of copper nanoparticles
Photomultipliers are very sensitive to UV and visible radiation. They have fast

response times. Intense light damages photomultipliers; they are limited to

measuring low power radiation.
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4.2.3.1.3 Procedure

The reduction of pure Cu+ ions was monitored by measuring the UV-Vis
spectrum of the reaction medium at 5 hours after diluting a small aliquot of the
sample into distilled water. 1ml of the sample solution was mixed with 2ml of
sterile distilled water in a glass quartz cuvette. The contents were pipetted in and
out to enhance proper mixing. Pistachio shells was of 3ml alone was served as
blank. After keeping the blanks in the sample compartment, the baseline
correction was made. Out of the two blanks, one blank was replaced with the
sample solution and it was scanned from 800nm to 200nm.UV-Vis spectral
analysis was done by using double beam UV-Vis spectrophotometer
(SpectrascanUV-2700, Thermo Scientific).

4.2.3.2 Characterization of Synthesized Copper Nanoparticles Using SEM
and EDAX

4.2.3.2.1 Aim

To characterize the synthesized copper nanoparticles using SEM

4.2.3.2.2 Principle

Rutherford elastic scattering, which provides information about the atomic
structure and composition, the interaction of high-energy incident electrons with
the conduction band electrons can lead to various other processes. Inelastic
scattering occurs when the incident electron transfers some of its energy to the
sample electrons, causing them to move to higher energy levels. The scattered
electron loses a small amount of energy and changes direction. This process
contributes to the overall signal detected in the electron microscope and can
provide information about the electronic structure of the material. lonization
involves the removal of an electron from an atom in the sample, resulting in the
formation of a positively charged ion. This process is particularly relevant when
studying the elemental composition of a sample. The detection of ionized species
can help identify the types of atoms present and their concentrations. Excitation
occurs when the incident electron imparts energy to an atom in the sample,
causing one of its electrons to move to a higher energy level without being
completely removed. The subsequent relaxation of the excited electron back to its
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original state may lead to the emission of characteristic X-rays, which can be

detected to obtain elemental information about the sample.

Fig 4.2: Working principle of SEM
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Fig 4.2: Working principle of SEM
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Secondary electrons have a limited range in the sample, typically within
Nano-meters of the surface. This characteristic contributes to the high
resolution of topographical images in SEM, as only those secondary
electrons produced near the surface can escape and be detected. SEM is
widely used for obtaining high-resolution topographical images due to its
ability to capture surface details at the Nano-scale. High-energy primary
electrons in SEM can cause impact ionization in semiconducting samples,
promoting valence band electrons to the conduction band. The subsequent
recombination of electron-hole pairs can be studied, providing information
about the material's properties. The recombination of electron-hole pairs
may result in the emission of visible or near-visible light. Spectroscopy of
this emitted light allows researchers to understand the recombination
processes, and scanning the electron beam enables the mapping of spatial
variations in luminescence. A high vacuum is required for generating a
focused electron beam. Therefore, SEM instruments typically house the
beam, specimen, and detector in a vacuum enclosure to maintain optimal
conditions for electron beam focusing. The useful magnification in SEM is
defined by the size of the focused spot projected on the specimen. This
magnification is ultimately limited by the diffraction of the focused electron
beam. Electronic displacement of the beam allows the analysis of multiple
particle fields without moving the stage. Stage motion is reserved for larger

field displacements.

4.2.3.2.3 Procedure
Scanning Electron Microscopic (SEM) analysis was done for the
synthesized copper nanoparticle from Pistachio shells in Centre for Advanced

studies, Sathyabama University, Chennai using SEM machine.

4.2.3.3. Characterization of Synthesized Copper Nanoparticles Using EDAX
4.2.3.3.1 Aim

To characterize the synthesized copper nanoparticles using EDAX
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4.2.3.3.2 Principle

An outer-shell electron then fills the vaca

ncy created in the inner shell. This

transition releases energy. The more relevant pathway here is the emission of X-

rays. The energy released during the transition

of an outer-shell electron filling an

inner-shell vacancy can be in the form of X-rays. EDAX is a technique used to

analyze the X-ray spectrum produced during electron interactions with a sample.

EDAX is often coupled with SEM, enabling the simultaneous acquisition of high-

resolution images and elemental information.

Fig 4.3: Working principle of EDAX
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Fig 4.3: Working principle of EDAX
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The composition of the material can be deduced. This can be used to provide
quantitative information about the elements present at a given point on the
sample, or alternatively it is possible to map the abundance of a particular element

as a function of position.

4.2.3.3.3 Procedure
EDAX analysis was done for the synthesized copper nanoparticle from
Pistachio shells in the Centre for Advanced Studies, Sathyabama University, and

Chennai.

4.2.3.4. Characterization of Synthesized Copper Nanoparticles Using FTIR

4.2.3.4.1 Aim

To characterize the synthesized copper nanoparticles using FTIR

4.2.3.4.2 Principle

The spectroscopy is based on the idea that the interference of radiation
between the two beams yields an interferogram. The latter is a signal produced as
a function of the path length change between the two beams reflected from two
mirrors (resides in the interferometer block). The two domains of distance and
frequency are interconvertible by the mathematical method of Fourier

transformation hence the name Fourier transform infrared spectroscopy.

The main difference between an FTIR spectrometer and a dispersive IR
spectrometer is the interferometer. The interferometer is the core of FTIR
spectrometers and is used to split one beam of light into two creating the different
paths of the two beams. Then it recombines the two beams and conducts them
into the detector where the differences in the intensity of these two beams are

measured as a function of the difference in the paths.
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Fig4.4: Working principle of FTIR
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Fig 4.4 Working principle of FTIR

4.2.3.4.3 Procedure
FTIR analysis was done for the synthesized copper nanoparticles
from Pistachio shells in the Centre for Advanced Studies, VIT University, and

Vellore.

4.2.3.5. Characterization of Synthesized Copper Nanoparticles Using XRD
4.2.3.5.1 Aim
To characterize the synthesized copper nanoparticles using XRD

4.2.3.5.2 Principle

X-ray diffraction is based on constructive interference of monochromatic X-rays
and a crystalline sample. These X-rays are generated by a cathode ray tube,
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fitered to produce monochromatic radiation, collimated to concentrate, and
directed toward the sample. The interaction of the incident rays with the sample

produces constructive interference (and a diffracted ray) when conditions satisfy
Bragg's Law,
(NA =2d sin 8)

This law relates the wavelength of electromagnetic radiation to the diffraction
angle and the lattice spacing in a crystalline sample. These diffracted X-rays are
then detected, processed and counted. By scanning the sample through a range
of 26angles, all possible diffraction directions of the lattice should be attained due
to the random orientation of the powdered material. Conversion of the diffraction
peaks to d-spacing allows identification of the mineral because each mineral has a
set of unique d-spacing. Typically, this is achieved by comparison of d-spacing

with standard reference patterns.

Fig 4.5: Working principle of XRD
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Fig 4.5 Working principle of XRD
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4.2.3.5.3 Procedure
XRD analysis was done for the synthesized copper nanoparticles
from Pistachio shells in the Centre for Advanced Sciences, VIT University, and

Vellore.

4.2.4 Antimicrobial Studies

The antibacterial assays were done on Escherichia coli and staphylococcus
aureus by diffusion method. Briefly, Nutrient broth/agar medium was used to
cultivate bacteria. Fresh overnight cultures of inoculum (100 pl) of each culture
were spread on to nutrient agar plates. Six wells, one at the centre and five around
the centre well were punched using the cork borer. In the centre well, standard
erythromycin antibiotic disc of 15ug was placed and the surrounding wells were
loaded with 10 pl, 20 pl, 30 pl, 40 pl and 50 pul of the synthesized nanoparticle
solutions from Pistachio shells. The plates were then incubated in the incubator at

37°C for 24 hours and then they were observed visually for the formation of ZOl.

The antibacterial activity of sample was carried out by the agar well diffusion
method. The pathogens used in this study were (staphylococcus aureus, E.coli).
Briefly, the freshly cultured pathogens were smeared on Nutrient agar medium.
Wells of 4 mm diameter were punched aseptically with a sterile cork borer and
further loaded with different concentration (25, 50, 75, 100 pg/ml) of sample and
20 pul of gentamycin (positive control; 10pg). The plates were then incubated for 24
hr at 37°C, and the zone of inhibition (ZOI; mm) appearing around the wells was

measured.
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CHAPTER 5

RESULT AND DISCUSSION

Following are the results obtained from the present investigation

5.1 Synthesis of Copper Nanoparticles

Fig 5.1: Synthesis of copper nanoparticles from Pistachio shells

Pistachio shells were mixed with 1TmM copper sulfate solution (1:9 ratios) and
they were incubated under sunlight for 4 minutes. As the Pistachio shells extract
was mixed in the aqueous solution of the copper ion complex, it started to change
colorless to dark brown due to reduction of copper ion (Plate 1), which indicated
the formation of copper nanoparticles in the reaction mixture. The change of color

is due to the excitation of surface Plasmon vibrations in copper nanoparticles.

Fig 5.1: Synthesis of copper nanoparticle using Pistachio shells
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Tube 1 - pistachio shells preparation
Tube 2 - 1mM Copper Sulphate solution
Tube 3 - 1ml pistachio shells filtrate + 9ml CuSog4 (after

four minutes under sunlight)

5.2 Characterization studies
5.2.1 Analysis of Synthesized Copper Nanoparticles Using UV-Visible
Spectrophotometer

It is generally recognized that UV-Vis spectroscopy could be used to
examine size- and shape-controlled nanoparticles in aqueous suspensions.
Double beam UV-Vis spectrophotometer (SpectrascanUV-2700, Thermo

Scientific) was used to analyse the samples.

Pistachio shells extract were acted as blank. Small aliquot was prepared by
mixing the sample solution to sterile distilled water. It was then scanned under UV
from 800nm to 200nm. Graph 1 shows the UV-Vis spectra recorded from the
reaction mixture after 2 hours. Absorption spectra of copper nanoparticles formed
in the reaction media obtained from Pistachio shells has absorbance peak at 420
nm. The broadening of the peak indicated that the copper nanoparticles

synthesized from Pistachio shells are poly dispersed.

Fig 5.2: Absorption peak of synthesized copper nanoparticles from

Pistachio shells under UV-Visible double beam spectrophotometer

25



i i

| “Hw |

I
i *H MABEM 1
T

| HHH

LRI
\i ,f“H‘HH]'x\ il
1l ‘*MHH’”NM

Fig 5.2: UV-visible spectroscopy of copper nanoparticles
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5.2.2 Characterization of Synthesized Copper Nanoparticles Using SEM

The biosynthesised copper nanostructure by employing Pistachio shells was
further confirmed by structural view under the scanning electron microscope. The
useful magnification in SEM is defined by the size of the focused spot projected on
the specimen. This magnification is ultimately limited by the diffraction of the

focused electron beam.

Fig 5.3: SEM image of copper nanoparticles synthesized from Pistachio
shells
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Fig 5.3: FESEM images of copper nanoparticles
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5.2.3 Characterization of Synthesized Copper Nanoparticles and EDAX

The biosynthesised copper nanostructure by employing Pistachio shells was
further confirmed by structural view under the scanning electron microscope and
the possible chemical compounds in each of the sample was identified using
EDAX. Using EDAX, the percentage of copper present in the synthesized copper

nanoparticle solution from Pistachio shells is 54.12%.

Fig 5.4: EDAX image of copper nanoparticles synthesized from Pistachio
shells

C Kal,2

Fig 5.4: EDAX images of copper nanoparticles



B Map Sum Spectrum

Table 5.1: EDAX analysis of chemical Compounds present in Copper

Nanoparticles
Map Sum Spectrum
Element Line Type Weight % Weight % Sigma Atomic %
C K series 32.04 043 59.24
0 K series 16.59 0.23 23.03
Si K series 0.10 0.03 0.08
Ti K series 024 0.04 0.11
Cu K series 49.79 0.36 17.40
Au M series 123 0.12 0.14
Total 100.00 100.00

EDS Layered Image 1
3 e
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Fig 5.5: ED’s electron images of copper nanoparticles



5.2.4 Characterization of synthesized copper nanoparticle using FTIR

To characterize the synthesized copper nanoparticle by using plant extract of
Pistachio shells and confirmed under crystallographic structure of the material and

the possible compounds in each of the sample was identified using FTIR.

Fig 5.6: Synthesized copper nanoparticles from Pistachio shells under FTIR
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Fig 5.6: FTIR analysis of copper nanoparticles
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5.2.5 Characterization of synthesized copper nanoparticle using XRD

To characterize the synthesized copper nanoparticle by using plant extract of

Pistachio shells and confirmed under crystallographic structure of the material and

the possible compounds in each of the sample/ was identified using XRD.

Fig 5.7: Synthesized copper nanoparticles from Pistachio shells using XRD
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Fig 5.7: XRD pattern of copper nanoparticles
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5.3 Antimicrobial Studies

Further, the nanoparticles synthesized by green route are found toxic against
E.coli and S.aureus at a concentration of 100 pl (Plates 1 and 2). Copper
nanoparticles exhibited antibacterial activity against E. coli and Staphylococcus
aureus it showed a clear inhibition zone and they were compared with the

standard antibiotics like gentamycin disc of 24 ug.

Fig 5.8: Antimicrobial effects of copper nanoparticles from Pistachio shells
on Escherichia coli

The control, gentamycin disc had formed ZOI of 24 mm diameter against
E.coli, Whereas the synthesized copper nanoparticles from Pistachio shells for 25
pl, 50 pl, 75 pl, and 100 pl was showing ZOI of Omm, Omm, 9mm, and 12mm
respectively. When compared to the control, nanoparticles are showing better

zone of inhibition with 75ul and 100ul concentration against E.coli.

Escherichia coli

Fig 5.8: Antimicrobial effect of copper nanoparticles against from E.coli

33



Fig 5.9: Antimicrobial effects of copper nanoparticles from Pistachio shells

on Staphylococcus aureus

The control, gentamycin disc had formed ZOIl of 24 mm diameter against
Staphylococcus aureus, Whereas the synthesized copper nanoparticles from
Pistachio shells for 25 pl, 50 pl, 75 pl, and 100 pl was showing ZOI of Omm, Omm,
10mm, and 14mm respectively. When compared to the control, nanoparticles are
showing better zone of inhibition with 75ul and 100pl concentration against

Staphylococcus aureus.

Staphylococcus aureus

Fig 5.9: Antimicrobial effect of copper nanoparticles against from S. aureus
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Table 2: Antimicrobial effects on Copper Nanoparticles against strains of
microorganisms

MICROORGANISM | 25ul 50ul 75pl 100pl +VE
E.Coli 0 0 10 12 24
Staphylococcus 0 0 9 14 15

aureus
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CHAPTER 6
SUMMARY AND CONCLUSIONS

Following are the highlights emanated from the investigation.

The copper nanoparticles were synthesized from Pistachio shells and the
synthesized copper nanoparticles were detected by observing the change

of color from reddish yellow to dark brown.

While observing the synthesized copper nanoparticles solutions under UV-
Visible double beam Spectrophotometer, there was broadening of the peak
for the sample at 460nm. This says that all the synthesized nanoparticles

are not of uniform size. They are poly dispersed copper nanoparticles.

The copper nanoparticles synthesized from Pistachio shells was
characterized using SEM in the Centre for Advanced sciences,
Sathyabama University, Chennai and the size of copper nanoparticles
ranged between 43nm and 58nm. Using EDAX, the percentage of copper
present in the synthesized copper nanoparticle solution from Pistachio
shells is 68.12%.

The copper nanoparticles synthesized from Pistachio shells was
characterized using FTIR AND XRD in the centre for advances sciences,
VIT Vellore, Vellore and to characterize the synthesized copper
nanoparticle by using plant extract of Pistachio shells and confirmed under
functional group characterized and crystallographic structure of the material
and the possible compounds in each of the sample/ was identified using
FTIR AND XRD.

The copper nanoparticles synthesized from Pistachio shells when treated
against E.coli and S.aureus was showing the maximum ZOIl as 9mm,
12mm, 12mm and 14mm respectively. The concentration present in 75ul

and 100pul each of the sample loaded is 1.58 pg. Out of this, the copper
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nanoparticles synthesized was effective against S.aureus and E.coli are

less effective.

» Without adding any chemicals or applying any voltage and pressure, the
copper nanoparticles had been synthesized from pistachio shells. These
biological synthesized nanoparticles were confirmed by measuring the
absorbance wunder UV-Visible Spectrophotometer and the copper

nanoparticles were also characterized using SEM and EDAX.

» The antimicrobial studies of the synthesized copper nanoparticles are
promising against S.aureus and E.coli and also less effect was observed,
when compared with the control, gentamycin. Therefore, the present
investigation concludes that the green synthesized copper nanoparticles are

one of the potent tools as antimicrobial and antitumor agent.

37



REFERENCES

1.

Anzlovar, A., Orel, Z.C., Zigon, and M (2007): Copper (I) oxide and metallic
copper particles formed in 1, 2-propane diol. Eur. Ceram. Soc. 27, 987-991

. Aslam, M., Gopakumar, G., Shoba, T.L., Mulla, |.S.Vijayamohanan, K.,

Kulkarni, S.K., Urban, J., and Vogel, W. (2002): Formation of Cu and Cu20
nanoparticles by variation of the surface ligand: preparation, structure, and
insulating-to-metallic transition. J. Coll. Interf. Sci. 255, 79-90

Anu, Naveen Thakur, Kuldeep Kumar & Kuldeep Kumar Sharma (2020)
Application of Co-doped copper oxide nanoparticles against different
multidrug resistance bacteria. Inorganic and Nano-Metal Chemistry 50:10,
pages 933-943.

. Ahamed, M., Alhadlag, H.A., Khan, M., Karuppiah, P and Al-Dhabi, N.A.

(2014) Synthesis, Characterization, and Antimicrobial Activity of Copper
Oxide  Nanoparticles Journal of  Nanomaterials, 3, 33-42.
http://dx.doi.org/10.1155/2014/637858

Anandan, S. and Yang, S. (2007) Emergent Methods to Synthesize and
Characterize  Semiconductor CuO  Nanoparticles  with  Various
Morphologies—An Overview. Journal of Experimental Nanoscience, 2, 23-
56.

http://dx.doi.org/10.1080/17458080601094421

. Asha Radhakrishnan, A. and Baskaran Beena, B. (2014) Structural and

Optical Absorption Analysis of CuO Nanoparticles. Indian Journal of
Advances in Chemical Science 158161
http://www.ijacskros.com/artcles/|JACS-M64.pdf

Ahmed, A.; Elvati, P.; Violi, (2015) A Size-and Phase-Dependent Structure
of Copper (ll) Oxide Nanoparticles RSC Adv. 2015, 5, 35033- 35041 DOI:

10.1039/C5RA04276C

Ananth, A.; Dharaneedharan, S.; Heo, M.-S.; Mok, Y. S. (2015) Copper
Oxide Nanomaterials: Synthesis, Characterization and Structure-Specific

38


https://www.tandfonline.com/doi/full/10.1080/24701556.2020.1728554
https://www.tandfonline.com/doi/full/10.1080/24701556.2020.1728554
http://dx.doi.org/10.1155/2014/637858
http://dx.doi.org/10.1080/17458080601094421
http://www.ijacskros.com/artcles/IJACS-M64.pdf

Antibacterial Performance Chem. Eng. J. 2015, 262, 179- 188 DOI:
10.1016/j.ce}.2014.09.083

10.Abboud, Y.; Saffaj, T.; Chagraoui, A.; El Bouari, A.; Brouzi, K.; Tanane,
O.; lhssane, B. (2014) Biosynthesis, Characterization and Antimicrobial
Activity of Copper Oxide Nanoparticles (CONPs) Produced using Brown
Alga Extract (Bifurcaria bifurcata) Appl. Nanosci. 2014, 4, 571- 576

11.Burda, C.; Chen, X. B.; Narayanan, R.; El-Sayed, (2005) M. A. Chemistry
and Properties of Nanocrystals of Different Shapes Chem.
Rev. 2005, 105, 1025 1102 DOI: 10.1021/cr030063a

12.Chaudhuri, R. G.; Paria, S. Core/Shell Nanoparticles (2012): Classes,
Properties, Synthesis Mechanisms, Characterization, and
Applications Chem. Rev. 2012, 112, 2373- 2433 DOI: 10.1021/cr100449n

13.Cervantes C. and F. Gutierrez-Corona, (1994). “Copper resistance
mechanisms in bacteria and fungi,” FEMS Microbiology Reviews, vol. 14,
no. 2, pp. 121-137

14.Chen, S., Sommers, J.M. (2001): Alkanethiolate-protected copper
nanoparticles: spectroscopy, electrochemistry, and solid-state
morphological evolution. J. Phys. Chem. B. 105, 8816-8820

15.Dang, T.M.D., Le, T.T.T., Blanc, E.F., Dang, M.C. (2011): Synthesis and
optical properties of copper nanoparticles prepared by a chemical reduction
method. Adv. Nat. Sci. Nanosci. Nanotech- nol. 2, 15009-15012

16.Eza Ranjbar-Karimi.; Alireza Bazmandegan-Shamili.; AlirezaAslani; and
KarimKaviani; (2010); Sonochemical synthesis, characterization and
thermal and optical analysis of CuO nanoparticles; PhysicaB; 405; 3099-
3101

17.Gomathi, S.S., Vanathi Nachiyar, G.K. and Nandhini, P. (2016) Effect of
Surfactant on the Structural and Optical Properties of CuO Nanoparticles.
International Journal of ScientificReseach 5,339-341

http://worldwidejournals.in/ojs/index.php/ijsr/article/view/1190/1191

39


http://worldwidejournals.in/ojs/index.php/ijsr/article/view/1190/1191

18.Gawande, M. B.; Shelke, S. N.; Zboril, R.; Varma, R. S. (2014) Microwave-
Assisted Chemistry: Synthetic Applications for Rapid Assembly of
Nanomaterials and Organics Acc. Chem. Res. 2014, 47, 1338- 1348 DOI:
10.1021/ar400309b

19.Hajipour M. J., K. M. Fromm, A. Akbar Ashkarran et al.,, (2012)
“Antibacterial properties of nanoparticles,” Trends in Biotechnology, vol. 30,
no. 10, pp. 499-511

20.Hamid Reza Ghorbani. (2015) Biological and Non-Biological Methods for
Fabrication = of  Copper Nanoparticles  Chemical  Engineering
Communications 202:11, pages 1463-1467

21.Indah Raya, Reena Solanki, Firas Rahi Alhachami, Abduladheem Turki Jalil
& Yasser Fakri Mustafa. (2023) Copper (lI) Complex Immobilized on
Magnetic  Nanoparticles  Functionalized with  Imine/Thio  Ligand
(Fe304@SiO2-Imine/Thio-Cu (II)): A Novel, Efficient and Reusable
Nanomagnetic Catalysts for the Synthesis of 2, 4, 6 -Triaryl Pyridines.
Polycyclic Aromatic Compounds 43:10, pages 9399-9412

22.Khanna, P.K., Gaikwad, S., Adhyapak, P.V., Singh, N., Marimuthu, R.
(2007): Synthesis and characterization of copper nanoparticles. Mater Lett
61,4711-4714

23.Kobayashi, Y., Ishida, S., lhara, K., Yasuda, Y., Morita, T.Yamada, S.
(2009): Synthesis of metallic copper nanoparticles coated with polypyrrole.
Coll. Polym. Sci. 287, 877-880

40


https://www.tandfonline.com/doi/full/10.1080/00986445.2014.950732
https://www.tandfonline.com/doi/full/10.1080/00986445.2014.950732
https://www.tandfonline.com/doi/full/10.1080/10406638.2022.2164015
https://www.tandfonline.com/doi/full/10.1080/10406638.2022.2164015
https://www.tandfonline.com/doi/full/10.1080/10406638.2022.2164015
https://www.tandfonline.com/doi/full/10.1080/10406638.2022.2164015

24 Kumar, H. and Rani, R. (2006) Antibacterial Study of Copper Oxide
Nanoparticles Synthesized by Microemulsion. Journal of Raman
Spectroscopy, 36, 562-574

25.Liu, K.; Song, Y.; Chen, (2014) Electrocatalytic Activities of Alkyne-
Functionalized Copper Nanoparticles in Oxygen Reduction in Alkaline
Media J. Power Sources 2014, 268, 469- 475

26.Li, G.; Li, X. H.; Zhang, Z J (2011) Preparation Methods of Copper
Nanomaterials Prog Chem 2011, 23, 1644- 1656

27.Laurent, S.; Forge, D.; Port, M.; Roch, A.; Robic, C.; Vander Elst, L.; Muller,
R. N. (2008) Magnetic Iron Oxide Nanoparticles: Synthesis, Stabilization,
Vectorization, Physicochemical Characterizations, and Biological
Applications Chem. Rev. 2008, 108, 2064- 2110 DOI: 10.1021/cr068445e

28.Mott, D., Galkowski, J., Wang, L., Luo, J., Zhong, C.J. (2007): Synthesis of

size-controlled and shaped copper nanoparticles. Langmuir 23, 5740-5745

29.Morone J. R. s, J. L. Elechiguerra, A. Camacho et al., (2005) “The
bactericidal effect of silver nanoparticles,” Nanotechnology, vol. 16, no. 10,
pp. 2346-2353

30.Pelgrift R. Y. and A. J. Friedman, (2013) “Nanotechnology as a therapeutic
tool to combat microbial resistance,” Advanced Drug Delivery Reviews, vol.
65, no. 13-14, pp. 1803-1815

31.Padil, V.V.T. and Cernik, M (2013) Green Synthesis of Copper Oxide
Nanoparticles Using Gum Karaya as a Biotemplate and Their Antibacterial
Application International Journal of Nanomedicine, 8, 889-898

41



32.Pan, K. Ming, H.;Yu, H.Liu, Y.;Kang, Z.;Zhang, H.;Lee, S.-T.
(2011) Different Copper Oxide Nanostructures: Synthesis, Characterization,
and Application for C-N Cross-Coupling Catalysis Cryst. Res.
Technol. 2011, 46, 1167- 1174 DOI: 10.1002/crat.201100258

33.Ruparelia J. P., A. K. Chatterjee, S. P. Duttagupta, and S. Mukheriji, (2008)
“Strain specificity in antimicrobial activity of silver and copper
nanoparticles,” Acta Biomaterialia, vol. 4, no. 3, pp. 707-716, 2008

34.Ren G., D. Hu, E. W. C. Cheng, M. A. Vargas-Reus, P. Reip, and R. P.
Allaker, (2009) “Characterisation of copper oxide nanoparticles for
antimicrobial applications,” International Journal of Antimicrobial Agents,
vol. 33, no. 6, pp. 587-590

35.Radhakrishnan, A.A. and Beena, B.B. (2014) Structural and Optical
Absorption Analysis of CuO Nanoparticles Indian Journal of Advances in
Chemical Science, 2, 158-161

36.Samer Hasan Hussein-Al-Ali, Mohamed Ezzat El Zowalaty, Mohd Zobir
Hussein, Benjamin M Geilich & Thomas J Webster (2014) Synthesis,
characterization, and antimicrobial activity of an ampicillin-conjugated
magnetic nanoantibiotic for medical applications International Journal of
Nanomedicine 9, pages 3801-3814

37.Salzemann C., |. Lisiecki, A. Brioude, J. Urban, and M.-P Pileni, (2004)

“Collections of copper nanocrystals characterized by different sizes and

42


https://www.tandfonline.com/doi/full/10.2147/IJN.S61143
https://www.tandfonline.com/doi/full/10.2147/IJN.S61143
https://www.tandfonline.com/doi/full/10.2147/IJN.S61143

shapes: optical response of these nanoobjects,” Journal of Physical
Chemistry B, vol. 108, no. 35, pp. 13242-13248

38.Singh J, Kaur G, Rawat M. (2016) A Brief Review on Synthesis and
Characterization of Copper Oxide Nanoparticles and its Applications J

Bioelectron Nanotechnol

39.Suleiman, M., Mousa, M., Hussein, A., Hammouti, B., Hadda, T.B. and
Warad, 1. (2013) Copper (II)-Oxide Nanostructures: Synthesis,
Characterizations and Their Applications—Review. Journal of Materials and

Environmental Science, 5, 792-807

40.Senanayake, S. D.; Stacchiola, D.; Rodriguez, J A (2013) Unique
Properties of Ceria Nanoparticles Supported on Metals: Novel Inverse
Ceria/Copper Catalysts for CO Oxidation and the Water-Gas Shift
Reaction Acc. Chem. Res. 2013, 46, 1702-1711 DOI: 10.1021/ar300231p

41.Saikova, S. V.; Vorob’ev, S. A.; Nikolaeva, R. B.; Mikhlin, Y. L.
(2010) Conditions for the Formation of Copper Nanoparticles by Reduction
of Copper (ll) lons with Hydrazine Hydrate Solutions Russ. J. Gen.
Chem. 2010, 80, 1122- 1127 DOI: 10.1134/S1070363210060149

42.Solanki, J. N.; Sengupta, R.; Murthy, Z. V. P (2010) Synthesis of Copper
Sulphide and Copper Nanoparticles with Microemulsion Method Solid State
Sci. 2010, 12, 1560- 1566

43.Thiel J., L. Pakstis, S. Buzby et al., (2007) “Antibacterial properties of silver-
doped titania,” Small, vol. 3, no. 5, pp. 799-803

44.Umer, A.; Naveed, S.; Ramzan, N.; Rafique, M. S. (2012) Selection of A
Suitable Method for The Synthesis of Copper
nanoparticles Nano 2012, 07, 1230005 DOI: 10.1142/S1793292012300058

43



45.Vignesh K., K. A. Vijayalakshmi & N. Karthikeyan (2017) Sol-gel synthesis
and antibacterial study on BC/ZnO/TiO2 nanocomposite treated by DC glow
discharge plasma Journal of Adhesion Science and Technology 31:10,
pages 1075-1086

46.Vijaya Kumar R.; R. Elgamiel.; Y. Diamant.; and A. Gedanken; (2001);
Sonochemical Preparation and Characterization of Nanocrystalline Copper
Oxide Embedded in Poly(vinyl alcohol) and Its Effect on Crystal Growth of
Copper Oxide; Langmuir; 17; 1406-1410

47 .Venkatakrishnan, S.; Veerappan, G.; Elamparuthi, E.; Veerappan, A.
(2014) Aerobic Synthesis of Biocompatible Copper Nanoparticles:
Promising Antibacterial Agent and Catalyst for Nitroaromatic Reduction and
C-N Cross Coupling Reaction RSC Adv. 2014, 4, 15003- 15006

48.Waseda, Y., Matsubara, E., Shinoda, K. (2011): X-ray diffraction
crystallography: introduction, examples and solved problems. Springer,

Berlin

49.Wayne P. A., (2015) “CLSI. Performance Standards for Antimicrobial
Susceptibility Testing; Twenty-Fifth Informational Supplement,” CLSI
Document M100-S25, Clinical and Laboratory Standards Institute

50.Xu, L.; Peng, J. H.; Srinivasakannan, C.; Zhang, L. B.; Zhang, D.; Liu, C.
H.; Wang, S. X.; Shen, A. Q. (2014) Synthesis of Copper Nanoparticles by
a T-Shaped Microfluidic Device RSC Adv. 2014, 4, 25155- 25159 DOI:
10.1039/C4RA04247F

51.Yang, X., Chen, S., Zhao, S., Li, D. and Ma, H (2003) Synthesis of Copper
Nanorods Using Electrochemical Methods Journal of the Serbian Chemical
Society,68,843-847
http://dx.doi.org/10.2298/JSC0311843Y

44


https://www.tandfonline.com/doi/full/10.1080/01694243.2016.1244036
https://www.tandfonline.com/doi/full/10.1080/01694243.2016.1244036
https://www.tandfonline.com/doi/full/10.1080/01694243.2016.1244036
http://dx.doi.org/10.2298/JSC0311843Y

45



	BIOSYNTHESIS AND CHARACTERIZATION OF COPPER NANOPARTICLES USING PISTACHIO SHELLS
	DHANUSH KUMAR .R (41770046)
	INSTITUTE OF SCIENCE AND TECHNOLOGY (DEEMED TO BE UNIVERSITY)
	APRIL – 2024
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	Synthesis
	Characterization

	CHAPTER 2 LITERATURE SURVEY
	CHAPTER 3
	3.1 Aim
	3.2 Aim and Scope of the Present Investigation

	CHAPTER 4 MATERIALS AND METHODS
	4.1 Materials:
	4.1 Preparation of extracts of Pistachio shells

	4.2 Methods:
	4.2.1 Preparation of 1mm Copper Sulphate Pentahydrate Solution
	4.2.2 Synthesis of Copper Nanoparticles

	4.2.3 Characterization studies
	4.2.3.1.1 Aim
	4.2.3.1.2 Principle Sources of UV radiation
	Sources of visible radiation
	Wavelength selector (monochromator)
	Cuvettes
	Detectors
	Fig 4.1: Working principle of double beam UV- visible Spectrophotometer
	4.2.3.1.3 Procedure

	4.2.3.2 Characterization of Synthesized Copper Nanoparticles Using SEM and EDAX
	4.2.3.2.1 Aim
	4.2.3.2.2 Principle

	Fig 4.2: Working principle of SEM
	4.2.3.2.3 Procedure
	4.2.3.3. Characterization of Synthesized Copper Nanoparticles Using EDAX
	4.2.3.3.1 Aim
	4.2.3.3.2 Principle
	Fig 4.3: Working principle of EDAX

	4.2.3.3.3 Procedure
	4.2.3.4. Characterization of Synthesized Copper Nanoparticles Using FTIR
	4.2.3.4.1 Aim
	4.2.3.4.2 Principle

	Fig4.4: Working principle of FTIR
	4.2.3.4.3 Procedure
	4.2.3.5. Characterization of Synthesized Copper Nanoparticles Using XRD
	4.2.3.5.1 Aim
	4.2.3.5.2 Principle

	Fig 4.5: Working principle of XRD
	4.2.3.5.3 Procedure
	4.2.4 Antimicrobial Studies

	CHAPTER 5 RESULT AND DISCUSSION
	5.1 Synthesis of Copper Nanoparticles
	5.2 Characterization studies
	Fig 5.2: Absorption  peak  of synthesized copper  nanoparticles from
	5.2.2 Characterization of Synthesized Copper Nanoparticles Using SEM
	5.2.3 Characterization of Synthesized Copper Nanoparticles and EDAX
	5.2.4 Characterization of synthesized copper nanoparticle using FTIR
	5.2.5 Characterization of synthesized copper nanoparticle using XRD
	5.3 Antimicrobial Studies
	on Escherichia coli
	Escherichia coli
	on Staphylococcus aureus
	Staphylococcus aureus


	CHAPTER 6 SUMMARY AND CONCLUSIONS

