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Abstract: Composite silver nanoparticles were synthesised using melanin broth and Arabic gum as a reducing
and binding agent. The reactions are carried out with water because it is a non-hazardous solvent. The
produced composites either had specified diameters (average diameter of 50 nm) with high silver loading or
lower loading composites with tuneable morphologies and electrical properties. UV-IR, gamma, and
conventional light are used to characterise the synthesised composite silver nanoparticles. Furthermore,
measurements are carried out of the dielectric constant, refractive index, energy gap, optical and electrical
conductivities, and refractive index coefficients. The silver nanoparticle formation was validated by UV-Vis
measurement of the sample, which demonstrated a distinct peak at a wavelength of 420 nm. The characteristics
of the composite silver nanoparticles are also quantified using several methods, including XRD, SEM, and
particle size analysis.
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1. Introduction

Nanotechnology is defined as the manipulation of single atoms and molecules having a size of
fewer than 100 nanometers [1]. Richard Feynman coined the word "nanotechnology," and it was first
used in scientific circles in 1974 [2]. Nanoparticles are used in catalysis, electronic devices, dyes, and
pigments, among other things [3,4]. For centuries, silver-based compounds have been employed as
harmless inorganic antibacterial agents in a variety of applications for millennia. Because of their
biocidal qualities, including wood preservatives, water purification in hospitals, wound or burn care,
and so on. Silver ions and similar compounds have modest toxicity to animal cells but significant
toxicity to microorganisms such as bacteria and fungi [5].

Due to their distinctive physical and chemical properties, silver nanoparticles (AgNPs) are
increasingly used in a variety of industries, including medicine, food, health care, consumer goods,
and industry. Optical, electrical, and thermal properties, as well as high electrical conductivity and
biological properties, are among them [6-8].

These nanoparticles have been used as antibacterial agents, in the industrial, household, and
healthcare-related products, in consumer products, medical device coatings, optical sensors, and
cosmetics, in the pharmaceutical and food industries; in diagnostics, orthopedics, drug delivery, and
as anticancer agents, and have ultimately enhanced the tumor-killing effects of anticancer drugs [9].
The silver nanoparticle research continues to grow, drawing the attention of researchers. It is known
that silver has very high electrical conductivity [10,11]. Silver has been widely used as a conductor
wire in circuits that require low dissipation, and high conductivity [12,13]. Silver paste has also been
widely used as a paste conductor [14,15]. The use of silver paste has been extensively utilized mainly
in the bulk conductivity characterization of bulk semiconductor materials or four-point probe
method films. In the field of superconductors, silver has a dominant role as a sheath [16-18]. Silver
has also been used in various industries and health fields. Silver is known to have antibacterial
properties [4,6,16,19,20], as a catalyst [21], and it shows stability to the environment [22] and has been
utilized as a significant component of water treatment.

Various methods of synthesis have been developed to produce silver nanoparticles. The
synthesis of the silver nanoparticle is commonly known to control the shape and size. Among these
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methods are the ball milling method [23], precipitation, polyol method, and several other methods to
produce silver nanoparticles [12,24,25]. AgNPs have recently been popular in a variety of fabrics,
keyboards, wound dressings, and biomedical devices [7,26,27]. In chemistry and chemical
technology, environmentally friendly synthesis processes are becoming increasingly prominent. This
tendency may be traced back to numerous factors, including the need for greener solutions to offset
the increased prices and energy demands of physical and chemical processes. As a result, scientists
are looking for less expensive synthesis methods. The other reason is that traditional nanoparticle
synthesis methods typically need dangerous reductants like sodium borohydride or hydrazine, as
well as numerous steps in the synthesis process, including heat treatments, which sometimes result
in hazardous by-products. Greener techniques for nanoparticle synthesis have been researched for
over a decade to lessen the environmental impact of nanoparticle synthesis. Anastas and Warner
proposed the concepts of green chemistry, which they refined into 12 principles that eloquently
characterize green chemistry [28]. The synthesis steps should be carried out at near to ambient
temperature and pressure, with a neutral pH, to save energy. Biological systems appear to be the best
factory for achieving these natural chemical conditions. Many microorganisms may produce
inorganic materials either intracellularly or extracellularly [29], and it has been discovered that
certain of these microbes can be exploited as environmentally friendly nano-factories for the
manufacture of nanomaterials, particularly silver metal nanoparticles (Ag NPs).

Interestingly, biologically-prepared AgNPs show high yield, solubility, and high stability [30].
Among several synthetic methods for AgNPs, biological methods seem to be simple, rapid, non-toxic,
dependable, and green approaches that can produce well-defined size and morphology under
optimized conditions for translational research. In the end, a green chemistry approach for the
synthesis of AgNPs shows much promise. Studies on the electrical and optical properties of polymers
have gotten a lot of attention in recent years because of their use in electronic and optical devices.
Electrical conduction in polymers has been investigated to better understand the nature of charge
transport in these materials, while optical characteristics have been improved to improve reflection,
antireflection, interference, and polarization. Depending on their reactivity with the host matrix,
dopants can be used to modify the electrical and optical properties of polymers. Although
considerable research on charge carrier transport and optical characteristics of doped polymers has
been published [31-37].

Ionizing radiation is a type of energy that removes electrons from atoms and molecules in a
variety of materials, including air, water, and living tissue. Ionizing radiation can flow through these
materials undetected [38,39]. X-rays, which may enter our bodies and expose images of our bones,
are a common example of ionizing radiation. X-rays are called "ionizing" because they have the
unique capacity to take electrons from atoms and molecules in the substance they pass through.
Ionizing radiation includes the more energetic end of the electromagnetic spectrum (ultraviolet, X-
rays, and gamma rays ) and subatomic particles, such as electrons, neutrons, and alpha particles
(helium nuclei each comprising two protons and two neutrons). Ionizing activity can change
molecules within our body's cells. That action could affect us in the long run (such as cancer). Ionizing
radiation exposures that are too intense might cause skin or tissue damage [40,41]. The boundary
between ionizing and non-ionizing radiation in the ultraviolet area is not sharply defined because
different molecules and atoms ionize at different energies. The energy of ionizing radiation starts
between 10 (eV) and 33 eV and extends further up. An instrument like the Geiger counter can detect
such radiations.

In this research AgNOs nanoparticles are prepared with different concentrations with the
addition of 0.50 g of Arabic Gum at a temperature of 200 °C and melanin broth at temperature 4 °C
is added to the AgNO:s solution of different molarity at a temperature of 200 °C. Several solutions
with different concentrations are prepared. The melanin is synthesized from defatted Nigella Sativa
processed by ethylene. For optical properties, a wavelength ranging from 200 to 800 nm is used to
irradiate the prepared sample (AgO nanoparticles). Two peaks were observed. One is attributed to
the presence of melanin because the melanin has a high ability to absorb UV and the other peak is
attributed to the presence of silver oxide nanoparticles and according to literature [42,43]. The
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former is very sharp while the latter is rather shallow. Other optical and electric conductivity
properties are calculated by plotting different behavior of the sample with light wavelengths.

2. Experiments

2.1. Preparation of composite silver nanoparticles

In this study, we will show the method and preparation of AgNOs mixed with melanin broth
and Arabic Gum with the aid of distilled water under different concentrations of silver nitrate as
shown in Table 1. Silver nitrate is an inorganic compound with the chemical formula AgNOs. In its
solid form, silver nitrate is coordinated in a trigonal planar arrangement. It is often used as a
precursor to other silver-containing compounds. It is used in making photographic films, and in
laboratory setting as a staining agent in protein visualization in PAGE gels. There are two types of
melanin, one is natural and the other is synthetic. The natural one is extracted from Nigella Sativa
seeds after taking off oil using a simple chemical process. The synthetic melanin is purchased from
Sigma-Aldrich. The Gum Arabic is a natural gum consisting of the hardened sap of two species of
the acacia (sensu__lato) tree, Senegalia senegal and Vachellia seyal. Gum Arabic's mixture of
polysaccharides and glycoproteins gives it the properties of a glue and binder that is edible by
humans. Its use here is to help regimenting nanoparticles in rounded forms. Gum Arabic quickly

dissolves in water to give clear solutions ranging in color from very pale yellow to orange-brown and
with a pH of ~ 4.5.

In this method, we intend to prepare nanoparticles from 18 samples containing 100 ml of
distilled water in all cases 0.5 g of Arabic Gum is added to AgNOs solutions with different
concentrations (0.1 g to 2.75g) all being heated at 200 °C. 50 ml melanin broth are added to the solution
drop wise until a formation of the color of the solution turns to orange that indication of silver
nanoparticles was synthesized.

Table 1. Formulation of composite samples preparation.

S.No. AgNos DW(distilled water) 200 °C MB(melanin broth)
(g (ml) 05g AG
S1 0.050 100 ml 0.5 50 ml
S2 0.100 100 ml 0.5 50 ml
S3 0.150 100 ml 0.5 50 ml
S4 0.3 100 ml 0.5 50 ml
S5 0.4 100 ml 0.5 50 ml
S6 0.5 100 ml 0.5 50 ml
S7 0.6 100 ml 0.5 50 ml
S8 0.7 100 ml 0.5 50 ml
S9 0.8 100 ml 0.5 50 ml
S10 0.9 100 ml 0.5 50 ml
S11 1.0 100 ml 0.5 50 ml
512 1.25 100 ml 0.5 50 ml
513 1.5 100 ml 0.5 50 ml
S14 1.75 100 ml 0.5 50 ml
S15 2.0 100 ml 0.5 50 ml
S16 2.25 100 ml 0.5 50 ml
S17 2.50 100 ml 0.5 50 ml
S18 2.75 100 ml 0.5 50 ml

2.2. Analyzing techniques for composite silver nanoparticles

Shimadzu Double Beam Double Monochromator Spectrophotometer (UV-2550) equipped with
an Integrating Sphere Assembly ISR-240A in the wavelength range of 200-800 nm with a resolution
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of 0.5 nm was utilized to record the absorption and reflection spectra of composite Ag particles. The
absorption spectra of colloidal solution of composite was recorded by taking distilled water as
reference. From these spectra various optical constants such as optical energy gap, and optical
conductivity were determined. The produced composite samples were subjected to X-ray diffraction
experiments using a JEOL JDX-8P-X-ray diffractometer with Cu-Ka radiation in the diffraction angle
(20) range of 10° to 80°. X-ray tube operation parameters were 40 kV and 30 mA. In order to evaluate
the morphology of the composite materials, pictures of the surface texture were examined using
scanning electron microscopy (SEM, JEOL, Japan). Samples were attached to sample holders (also
known as specimen stubs) for the SEM evaluation using conductive double-sided carbon tape. In
order to render the samples electrically conducive, they were subsequently put in a vacuum chamber
for platinum sputtering. The surface morphology of the composite material samples was examined
using a 5 kV acceleration voltage. A Zetasizer Nano Instrument (Malvern Instruments, Nano ZS,
ZEN3600, UK) employing a 532 nm laser was utilised to measure the particle size distribution of the
powdered composite materials sample. The nanoparticle powder sample was dispersed in milli Q
water by horn type ultrasonic processor (Vibronics, model: VPLP1) generating a total concentration
of 1% at 37 ° c in order to determine the particle size distribution.

3. Results and Discussions

3.1. Particle size of composite silver nanoparticles

The Dynamic Light Scattering (DLS) analytical approach quantifies the Brownian motion of
composite nanoparticles. DLS is one of the most significant and helpful techniques for evaluating
particle size and size distribution of prepared composite nanomaterial in solution. DLS uses a laser
beam to illuminate a particle that is moving according to Brownian motion to determine the size of
colloidal dispersions. The results of such analysis are shown in Figure 2. Due to the hydrodynamic
size of nanomaterials, the DLS pattern showed that the produced composite Ag nanoparticles had an
average size of 50+15 nm. Numerous variables, such as pH, precursor concentration, reductant
concentration, incubation duration, temperature, and production process, have an impact on the
shapes and sizes of metal nanoparticles.

Size Distribution by Intensity
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Figure 1. Dynamic light scattering analysis of the particle size distribution of the composite silver

nanoparticles.

3.2. Morphology of composite silver nanoparticles

Scanning electron microscopy was used to analyse the surface morphology of the produced
composite silver nanoparticles and shows in Figure 3. The SEM images of Arabic gum and melanin
broth with a surface of silver on them are shown in Figures 3b-d. The concentration of the AgNO3
applied in these images reveals a proportional improvement in the amount of silver in the composite
matrix. It was shown that relatively spherical and uniform Ag nanoparticles were formed with
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diameter of 53 to 150 nm. The homogeneity and distribution of the AgNPs with melanin broth and
Arabic Gum composite surface are quite similar to other synthesis methods; this was possible because
experimental conditions allowed controlling the amount of deposited particles, and thus, the
formation of agglomerates that increase the density of the solids. The appearance of the particles, as
per the analysis, was highly crystalline and spherical in shape. An investigation of some larger
composite nanoparticles attributed to the fact that silver nanoparticles had the ability to agglomerate
due to their high surface energy. In nanometer scale, some of the silver nanoparticles contributed to
grow into twinned particles. Figure 3e shows the representative SEM micrographs of the composites
silver nanoparticles. It is shown that all silver nanoparticles are spherical. These results demonstrate
good agreement with the PSD single peak results obtained in Figure 2. The diameter particle of the
particles in the composite sample is 45+9.55 nm over the counted 46 particles.

Freqeuncy

100 200 300 400 500 600 700 800 900 1000 1100
Diameter (nm)

0

Figure 2. SEM image for composite silver nanoparticles.

3.3. Spectral properties of composite silver nanoparticles

The X-ray diffraction was performed for the solution silver nanoparticles. In the X-ray
diffractogram of AgNOs with a concentration 0.3g, one sharp diffraction peak was revealed at
diffraction angle 34° (Figure 4a). It can be shown that when the AgNOs concentration 0.7g, two sharp
diffraction peaks were depicted at 34° and 44°, as shown in Figure 4b. Another sample of
concentration with 1.25g has three sharp peaks at angles of 34°, 44° and 56° (Figure 4c). A fourth
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sample whose concentration with 2.25g shows the four sharp diffraction peaks at angles of 34°, 44°,
56° and 75° (Figure 4d). This diffractogram showed the crystalline nature of AgNOs. The same
diffraction peaks revealed in the physical mixture pattern by reduction of intensity. This diffraction
indicated that AgNOs was presented as an amorphous material.

(a) (b)

Intensity (a.u.)
Intensity (a.u.)

10 20 30 40 50 60 70 80 10 20 30 40 50 80 70 80
Degree(20) Degree(20)
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Figure 3. X-ray diffraction patterns of composite material decorated by different Ag nanoparticles
amount (a) 0.3g, (b) 0.7g (c) 1.25g,and 2.25g.

3.4. Optical absorbance and absorption coefficient of composite silver nanoparticles

Figure 5 illustrates the absorption spectra of the composite samples that were obtained from the
dispersion of various amounts of AgNOsinto constant melanin broth (50 ml) and Arabic Gum 0.5 g
solution in order to investigate the effects of melanin broth and Arabic Gum on the optical properties
of Ag nanoparticles. Except for melanin broth and Arabic gum, the absorption spectra of these
substances clearly exhibit bimodal features, with a narrow peak in the visible region resulting from
the adsorption of silver nanoparticles in the UV region, which corresponds to the fundamental
absorption of the surfaces of melanin broth and Arabic gum. The wavelengths of the maximum
absorbance moved from 415 to 450 nm, as shown in the absorption spectra. According to the quantum
theory of metal nanoparticles, the maximum absorbance wavelength is related to the energy of the
conduction band. After 450 nm, there are no peaks to be found, suggesting that there has been no
agglomeration of nanoparticles. According to figures, there is a noticeable improvement in the band's
intensity as the concentration of silver nitrate increases. This shows that there has been an increase in
the generation of silver nanoparticles in the Arabic Gum and Melanin solution. The typical UV-Vis
absorption spectra of the resultant solutions are displayed that following concentrations of solutions
were oxidised with silver nitrate at a temperature of 200 °C.
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Figure 4. Variation of optical absorption with wavelength for composite films containing different Ag

nanoparticle amount.

3.5. Optical conductivity of composite silver nanoparticles

The optical conductivity of nanoparticles is among their most significant and unique properties.
The terminology of optical conductivity refers to the movement of charge carriers caused by the
alternating electric field of the incident electromagnetic waves. Figure 6 illustrates the wavelength
dependency of the optical absorbance of Ag nanoparticles functionalized with Arabic gum and
melanin in the wavelength range of 200-800 nm. For composite products manufactured of Arabic
gum, melanin, and AgNOs, figure depicts how optical conductivity changes with wavelength.
According to the results, composite films have the ability to absorb light across a broad spectrum
range because the absorbance spectra appear to have the same shape and tend to increase as Ag
nanoparticle concentration increases. The finding suggests that the optical conductivity improves as
the concentration of Ag nanoparticles increases. This rise may be caused by the development of new
levels in the energy gap, which allows electrons to transfer from the valence band to the conduction
band via these new levels, resulting in a decrease in the energy gap and an increase in optical
conductivity. The optical conductivity is increasing, which means that the electrons are absorbing
incident photons at a higher rate for a given energy. When Ag nanoparticle concentration is greater,
optical conductivity is greatest at the wavelength of surface plasmon resonance. Therefore, the
combination of Ag nanoparticles with the matrix of Arabic gum and melanin induces the formation
of trap states in the HOMO-LUMO gap. These phases cause the differences in optical energy gap,
Urbach's energy, and optical conductivity that have been noticed. These findings could make it
possible to modify the material's characteristics in anticipation of using Ag nanocomposite in a
variety of real-world applications.
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Figure 5. Variation of optical conductivity with wavelength for composite films containing different
Ag nanoparticle amount.

3.6. Variation of refractive index of composite silver nanoparticles

Ag nanoparticles have exceptional optical characteristics that set them apart from bulk material.
When composite Ag nanoparticles interact with incident light of a particular wavelength, a
phenomenon known as localised surface plasmon resonance occurs. This phenomenon causes the
local electric field surrounding the nanoparticles to be significantly increased, which in turn causes
the nanoparticles to absorb and scatter light. Ag nanoparticle composites have several uses because
of their unique optical characteristics. The change in refractive index of the surrounding medium has
a significant impact on nanoparticle localised surface plasmon resonance. As a result, the
incorporation of the shift in resonance wavelength may be used to assess changes in the nearby
environment. The refractive index of composite Ag nanoparticles in an associated medium is shown
in Figure 7 along with resonance wavelengths. As the ambient refractive index increases from 1.8 to
3.5, the resonance wavelength of composite matrix with different concentration of Ag nanoparticles
shifts from 422 nm to 459 nm.

Refractive index

e T T T T
200 300 400 500 600 700 800
Wavelength nm
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Figure 6. The refractive index of composite film decorated by different Ag nanoparticles with
amount.

3.7. Band gap energy of composite silver nanoparticles

A composite material's band gap energy is the distance between the valence band and the lowest
empty conduction band. It is a factor that determines how much photon energy must be absorbed by
the materials to produce photoelectron and photoholes. The data acquired from the absorption
spectra may be used to plot (ahv)(eV.cm1)? vs the eV using the absorption spectra, as illustrated in
Figures 30 to 33. The results of the absorption spectra were utilised to calculate the band gap energy
of each of the composite materials using Tauc graphs. It demonstrates that the plotted data provides
tangent to the linear portion of the curves in a certain area. The band gap energy has been calculated
for composite materials are (2.25 to 1.95 eV) for samples from S1 to S16. It is important to note that
the reported band gap energy values are smaller than the band gap of lower amounts of Ag
nanoparticles. Based on these findings, it may be concluded that band gap energy values drop as
concentrations rise. This finding may be attributed to the optical confinement effect in accordance
with the size and length of Ag nanoparticles based on the band gap energy of the composite materials.
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Figure 7. Tauc plots for the evaluation of band gap energy of composite film decorated by different
Ag nanoparticles with the amount.

4. Conclusions

The area of electrical properties study, where nanotechnology is combined with the three
scientific disciplines of physics, biology, and chemistry, is where the influence of nanotechnology is
currently and potentially most visible. The usage of nanoparticles in electrical properties together
with current research for easy regulated (morphological characteristics) development of composite
nanoparticles is still a very active and growing topic for researchers. The composite silver
nanoparticles were synthesised using melanin broth and Arabic gum as a reducing and binding
agent. The reactions are carried out with water because it is a non-hazardous solvent. The synthesis
of the composite silver nanoparticles at 200 °C temperatures, together with the usage of the reducing
and binding agent, had a significantly positive influence on the uniformity of the generated
structures, as measured by UV-Vis spectroscopy and Dynamic Light Scattering. The presence of silver
nanoparticles was originally established by the absorbance spectra of the materials with the
characteristic Plasmon band, the small peak of the band suggesting a confined particle size range.

d0i:10.20944/preprints202301.0453.v1
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The produced composites either had specified diameters (average diameter of 50 nm) with high silver
loading or lower loading composites with tuneable morphologies and electrical properties. The
electrical properties application of the composite silver nanocomposite was investigated
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