
Abstract
Light absorption and scattering by nanoparticles has interesting history in physics and one of basic problems of advanced
electrodynamics and it is an interesting subject for which Mie theory was developed long ago. In this article, we report the
optical extinction, absorption and scattering properties of Au and Au/Ag nanoparticles. These nanoparticles can be applied
as coating materials. Results showed that optical properties of Au/Ag core/shell nanoparticles are highly dependent on
many factors such as size, index of environment, intrinsic properties, and surface chemistry. Also, when Au nanoparticles
diameter is kept constant at 10 nm, the spectrum has a peak at visible area. If the shell thickness is increased, the peaks
arise to the high and become more intense. Thinning the silver shell layer has a high increase in polarization at the sphere
boundary, which yields the more intense extinction peaks. We expect that the Au/Ag nanospheres can be used in nano-
photonics industry based on the near-field, optical devices, medical and solar energy.
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1. Introduction

Nanoparticles have special properties with many applica-
tions. The use of nanoscience in biotechnology combined
the fields of nanomaterial science and biology1. Gold
and Silver nanoparticle have high potential application
in medical, biotechnology and optical devices2–4. Au
nanoparticles according to the size and physical dimen-
sions have interesting interaction with electromagnetics
wave. At the visible spectrum, Au nanoparticles have
strong oscillation of electron charges, according to the
electric fields of an electromagnetics wave that propa-
gate near an Au nanoparticle surfaces. These oscillations
are defined as surface plasmon5. Also, light absorb-
ing and scattering of Au nanoparticles can be occurred
with high efficiency because the free electrons on the
Au surface when the Au nanoparticles excited by light
at special wavelengths6. Au nanoparticle optical prop-

erties can be control by the particle size, shape, and the
local refractive index of nanoparticles near the particle
surface7–11. However, Ag nanoparticles have especial opti-
cal, electrical, and thermal characteristics. In this paper,
we simulated the optical properties of Au/Ag core/shell
nanospheres using the Mie theory.

2. Simulation Method
The Mie theory is a very useful method for simulation of
optical properties in practice. Also with Mie theory, we
can simulate the light scattering by nanospheres with arbi-
trary radius. Within the Mie solution, the cross-sections
for scattering, extinction and absorption can be expressed
by following formulas:
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The scattering parameters al and bl are defined as fol-
lows:
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are related to the Bessel and Neumann functions.

3. Results and Discussion

The optical properties of Au/Ag nanoparticles are highly 
dependent on the nanoparticles diameter. The extinction 
and scattering cross section area curves of Au/Ag core/
shell nanoparticles with core diameter of 10 nm at various 
shell diameter are displayed in the Figure 1 and Figure 2. 
Au/Ag core/shell nanoparticles scatter the light and have 
peaks near 400 nm (Figure 2). All spectra have a high 
resonance at violet spectrum, caused by the oscillations of 
the nanoparticle electrons on surface. If the core diameter 
and shell thickness is increased, scattering and absorption 
cross section curves are wide and peaks at visible spec-
trum (Figure 3 and Figure 4).
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Figure 1. Extinction cross section area for Au/Ag core/
shell nanopheres of varying diameter.
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Figure 2. Scattering cross section area for Au/Ag 
nanoparticles of varying diameter.
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Figure 3. Cross section area for Au/Ag nanoparticles (core 
diameter is 30nm and Shell thickness is 20nm).

Figure 4. Cross section area for Au/Ag nanoparticles (core 
diameter is 40nm and shell thickness is 20nm).
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Figure 5 shows the absorption cross sectional area 
for gold/silver core/shell nanoparticles at different shell 
thickness. The gold nanoparticles diameter is kept con-
stant at 10 nm. The spectrum with a peak at visible area. 
As the shell thickness is increased, the peaks arise to the 
high and become more intense. Thinning the shell layer 
produces a large increase in polarization at the sphere 
boundary, which yields the more intense extinction peaks.

4. Conclusions
We have studied the Mie theory of light absorption, 
extinction and scattering properties for Au/Ag core/shell 
nanospheres. It is extraordinary that some of the basic 
aspects of the Mie theory are more than 110 years old, 
there continue to be new, unexpected and useful devel-
opments, such as spacers, medical and optical devices 
based on it. New aspects of Mie theory showed extremely 
interesting near field behavior. Also, we study the absorp-
tion and scattering of electromagnetics wave in spectrum 
much smaller than the wavelength in Au/Ag core/shell 
nanospheres. These effects are being utilized to yield 
worthy of attention intersecting nanoscale behavior and 
various applications in different science areas and indus-
trial, such as high-resolution optical imaging, small-scale 

sensing techniques, light-activated cancer treatments, 
enhanced light absorption in photovoltaic and photo 
catalysis, and numerous biomedical applications.
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Figure 5. Absorption cross section area for Au/Ag core/
shell nanoparticles of varying diameter (Core diameter is 
10nm).
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