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Introduction
Noble metal nanoparticles, especially silver nanoparticles with 

narrow size distributions, have a wide range of uses in nanotechnology, 
including catalysis and biocatalysis, surface enhanced resonance Raman 
scattering, function improvement of Remie Fibers, environmental 
application, therapeutics, diagnostic assays, and medical diagnostics, 
thermal ablation, and radiotherapy enhancement. Also metal 
nanoparticles particularly silver nanoparticles have medicine and 
antimicrobial applications in human health care like coating contact 
lenses, vas implants, wound dressing, bone cement and alternative 
implants, medical catheters, bandages, odontology filling materials, 
dental instruments [2]. These applications are associated with the size-
dependent properties of the metal nanoparticles as well as the particle 
size-dependence of absorption energy, a blue shift of absorption 
wavelength, associated an improvement of photocatalytic acting with a 
particle size reduction. The metal nanoparticles show these fascinating 
physical and chemical properties because of several surface atoms and 
also the quantum confinement of electrons.

Gustav Mie first discovered the metal nanoparticle absorption 
spectrum in 1908, which is based on the classical electrodynamics 
method. The optical properties of metal nanoparticles were traditionally 
described as the resonance oscillation of the surface plasmon due to 
interaction with an electromagnetic field [3]. This method identified 
the localized surface Plasmon resonance (LSPR), or oscillation of 
conduction electrons, which was caused by incident electromagnetic 
waves and polarized metal nanoparticles.

The extinction spectra of spherical particles are described by Mie's 
solution to Maxwell's equations; whereas the classical methods take 
into account a continuous system and free electrons, thereby omitting 
the discrete nature of the electronic structures of metal nanoparticles. 
The optical characteristics of metal nanoparticles must therefore be 
studied using a quantum mechanical approach [4].

Recently, intra-band quantum excitations of the conduction 
electrons have been attributed to the optical characteristics of metal 
nanoparticles, simulating the interactions of light on the metal 
surface via photoelectric absorption and Compton scattering. The 
interpretation of the absorption spectra of metal nanoparticles using 
the quantum approach took into account the intra-band excitations 
of conduction electrons from the lowest energy state to higher energy 
states. Recently, scientists have worked hard to create methods for 
creating monodispersed nanoparticles and managing the size of metal 
nanoparticles. To achieve the optimal dimension for their purposes, 
nanoparticle size and shape are primarily controlled. Changing the 
production methods, reducing agents, and stabilisers can typically be 
used to modify the form, size, and size distribution of nanoparticles.

As reducers and stabilisers, many organic compounds can be 
utilized in the synthesis of nanoparticles. Poly (vinylpyrrolidone) is the 
most widely used and significant substance that can be employed in 
the manufacture of nanoparticles (PVP). PVP can play a number of 
different roles in the production of nanoparticles, including stabilising 
the surface of the particles, regulating the pace of development and 
dispersion, and acting as a reducing agent. PVP is frequently used as a 
stabilizer and shape-controlling agent in the polyol synthesis of metal 
nanoparticles, where it interacts with the metal via the carbonyl group 
and nitrogen atom of the pyrrolidine ring [5].
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Abstract
By using a modified thermal treatment process with successive flows of oxygen and nitrogen, very small and 

pure silver nanoparticles were produced. By using various methods, the structural and optical characteristics of 
the calcined silver nanoparticles at 600 °C with various Poly (vinylpyrrolidone) concentrations ranging from 
2% to 4% were investigated. At a specific concentration of Poly (vinylpyrrolidone), the formation of pure Ag 
nanoparticles was seen using Fourier transform infrared spectroscopy. The X-ray powder diffraction spectra show 
that for all concentrations of poly (vinylpyrrolidone), the amorphous sample at 30 °C changed into cubic crystalline 
nanostructures at the calcination temperatures [1]. By increasing the quantities of Poly (vinylpyrrolidone), from 4.61 
nm at 2% to 2.49 nm at 4%, spherical silver nanoparticles with smaller average particle sizes were produced, 
as seen in transmission electron microscopy images (vinylpyrrolidone). The conduction band of Ag nanoparticles 
increased with increasing Poly (vinylpyrrolidone) concentrations, from 2.83 eV at 2% Poly (vinylpyrrolidone) to 2.94 
eV at 4% Poly(vinylpyrrolidone), due to decreasing particle size. The optical properties were investigated using a 
UV-vis absorption spectrophotometer. Due to the smaller particle size, which corresponded to fewer atoms making 
up the metal nanoparticles, there was less attraction between conduction electrons and metal ions.
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There have been several reported ways to make Ag nanoparticles 
using inorganic salts as metal precursors, including chemical reduction, 
photochemical, electrochemical, microwave, ultrasonic, and gamma 
irradiation. By adjusting the various synthesis procedure parameters, 
such as the use of the surfactant, capping, stabiliser, and reduction agents, 
or by adjusting the radiation dose in the gamma radiation, microwave 
assistant, and photochemical synthesis, all of these techniques were 
used to control the size of the silver nanoparticles. These methods have 
created particles that are the right size and shape, but they also have 
certain drawbacks, such as the need for laborious preparation steps, the 
challenge of obtaining pure particles, and the production of hazardous 
compounds that could harm the environment.

To overcome a number of these shortcomings, the changed 
thermal treatment methodology is planned here for the synthesis of 
metal nanoparticles for the primary time. The motivation of this study 
is to seek out a straightforward methodology for synthesizing pure 
metal nanoparticles and dominant their size at the same time. The 
chemical compound nanomaterials; as well as ZnFe2O4, MnFe2O4, 
and CoFe2O4 [76–78]; ZnCr2O4 [79]; ZnO [80], CdO [81], TiO2 
and ZrO2 [82, 83] were already synthesized victimization the thermal 
treatment methodology [6]. Within the preceding studies, chemical 
compound nano materials were synthesized from a water-based answer 
consisting of a metal precursor and poly (vinylpyrrolidone) vinyl 
pyrrolidone (PVP) that is calcined at the precise temperatures and 
therefore the size of the nanoparticles is controlled by the oxidization 
temperature. This study is that the initial arrange to combine pure 
atomic number 47 nanoparticle with none impurity and management 
its size by ever-changing the PVP concentrations via a changed 
thermal treatment technique victimisation the O and chemical element 
gases’ flow. The variations between the changed thermal treatment 
technique and therefore thermal treatment technique area unit within 
the synthesis method and the final product [7]. Within the thermal 
treatment technique, the nanoparticles area unit calcined within the 
box chamber while not victimisation any gases to provide chemical 
compound nanoparticles like primary solid solution nanoparticles and 
semiconductor nanoparticles that they're not terribly pure and contain 
some impurities like carbon. The changed thermal treatment technique 
is employed for the primary time to provide terribly pure and slender 
metallic element nanoparticles by victimization O and chemical 
element gases and PVP as a capping agent. During this technique, 
the dimensions of the particles are often controlled by ever-changing 
the synthesis parameters like PVP concentration and oxidization 
temperature, that we tend to revealed in our previous work [8].

This analysis investigates the influence of PVP concentration on 
the scale and optical properties of silver nanoparticles created via a 
changed thermal treatment methodology. PVP plays necessary roles as 
a capping agent and in dominant the nanoparticles’ size, decreases the 
speed of agglomeration and improves the crystallinity of nanoparticles 
[9]. The metal nanoparticles is factory-made exploitation the changed 
thermal treatment methodology by removing atomic number 8 via 
N flow throughout oxidisation at an appropriate temperature in an 
exceedingly water-based resolution comprising metal precursor and 
PVP as a capping agent. Because no alternative chemicals were added 
into the chemical, the changed thermal treatment methodology has the 
advantages of easiness, low expense, and isn't harmful to the setting as 
no deadly and unwanted product square measure discharged into the 
system. Therefore, the novelty of this easy bottom–up methodology is 
that the synthesis of pure silver nanoparticles with slim size, that their 
size may be controlled by ever-changing PVP concentration [10].

Materials and Strategies
Materials

Copper sulphate pentahydrate (CuSO4.5H2O), ethanediol, 
reductant hydrate (NH2NH2.2H2O), metallic element tetrafluoroborate 
and 1-butyl-3-methylimidazoliumbromide were all of analytical grade 
and used per se. All the aldehydes and solvents were purchased from 
spectrochem Pvt. Ltd. urban center (India) and were used with none 
extra purification. All reactions were monitored by skinny layer action 
(TLC) on gel F254 plates. 1H-NMR and thirteen C-NMR spectra 
were recorded in CDCl3 and DMSO-d6 on a Jeol JNN ECX- 400P 
spectrometer; Melting points were recorded on SECOR Laboratories 
instruments freezing point instruments [11, 12]. The infrared spectra 
were recorded employing a model Perkin Elmer spectrum BX2 FT-IR 
system. Spectra were recorded with Spectrum V five.3.1 code within 
the vary 4000–400 cm−1. The KBr pellet technique was adopted for 
recording the spectra.

Synthesis of ionic liquid [bmim] BF4

Sodium tetrafluoroborate and 1-butyl-3-methylimidazoliumbromide 
in equimolar quantities were stirred in dry resolvent underneath 
anhydrous conditions for 48–72 h. The mixture was filtered off to 
get rid of unreacted metallic element tetrafluoroborate and therefore 
the filtrate was additional treated with methylene chloride to get rid 
of metallic element bromide and once more the filtrate obtained was 
once more treated with methylene chloride to examine for any longer 
precipitation. The solvents were removed underneath reduced pressure 
and therefore the ensuing colorless ionic liquid was dried in rotavapor 
at 70°C for two h to get rid of water. The merchandise 1-butyl-3-meth
ylimidazoliumtetrafuoroborate was characterised by 1H magnetic 
resonance studies [13]. 

Preparation of copper nanoparticles in IL-Ethylene gly-
col media victimization reductant hydrate as reducer

In a typical experiment five milliliter ethanediol was used because the 
solvent and a hundred µl of ionic liquid was added to that to administer 
a final concentration of one M. This was followed by addition of zero.1 
M CuSO4.5H2O (100 µl) and therefore the reaction was allowed to 
stir on a magnetic stirrer underneath N atmosphere. Once 5 minutes 
three.0 M reductant hydrate (100 µl) was added because the reducer 
drop wise continuing over an amount of 10 minutes and therefore 
the system was stirred for one more half-hour. The mixture earned a 
consistent brown color with none aggregation. Associate degree aliquot 
quantity of ‘ionic liquid-ethylene glycol’ protected copper nanoparticles 
was taken out and particle size distribution measurements were done 
victimization particle size analyser [14].

The particle synthesis procedure was perennial for a bulk set of a 
hundred milliliter. Particles from the reaction mixture were centrifuged 
and washed with grain alcohol. The method of centrifuge and laundry 
the particle was perennial thrice to afford small-grained copper 
nanoparticles. Transmission microscope was accustomed image size 
and morphology of the powder. Diffraction patterns of the powders 
were recorded victimization diffractometer [15].

Conclusions
In this study, the result of PVP concentration on the dimensions 

and optical properties of noble metal nanoparticles created by changed 
thermal treatment methodology was investigated. The presence of 
PVP in manufacturing noble metal nanoparticles was essential. The 
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PVP behaves as a capping agent within the synthesis of noble metal 
nanoparticles that capped the noble metal atoms and prevented them 
from agglomeration. Therefore, by increasing the PVP concentration, 
additional noble metal atoms can cap and at the top, the dimensions of 
the silver nanoparticles are shriveled.

The optimum PVP concentration which will be accustomed turn 
out pure noble metal nanoparticles by changed thermal treatment 
methodology was a pair of. The absorbance wavelength of atomic 
number {47|noble metal|conductor} nanoparticles has blue-shifted 
from 438 to 421 nm cherish the common particle size decrease of 4.61 
to 2.49 nm by increasing the PVP concentration from a pair of two 
four-dimensional. The physical phenomenon band energy augmented 
from a pair of.83 work unit at a pair of PVP to a pair of.94 work unit 
at four-dimensional PVP thanks to less attraction between physical 
phenomenon electrons and metal ions for the smaller particle size.
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