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Abstract 
 
Metallic structures in the nanoscale support the free-electron 
volatility of the conduction band under the name of surface 
resonance Plasmon. This happens when the radiant light strikes at 
a certain frequency. The study of the Plasmonic properties of 
nanoscale structures is related to the shape, size, and environment 
of the dielectric. In this study, we examine the effects of adding 
dielectric nano-particles on the Plasmonic properties of metallic 
nano-clusters with different structures. Carbon nanoparticles have 
been added in specific locations among the metal nanoparticles in 
these structures. These dielectric nano-particles have transformed 
the modes of Plasmon into magnetic plasmas. We can use these 
structures called metal dielectric. In order to increase the 
sensitivity of the sensors based on the exacerbation of local 
surface Plasmons, depositing dielectric nanoparticles between 
metallic Nano-disks with various configuration leads to metal-
dielectric quadrupole Plasmon mode activation. 

Keywords: Nanoclusters, Dielectric Carbon Nanoparticles, Fano 
Resonance. 

Introduction 

The optical properties of metal nanoparticles have been an 
attractive topic since ancient times. 

Followed by the reduction of metal ions in the glass forming 
process, the red ruby glass windows are stained with gold 
nanoparticles. While these well-known properties have been used 
for centuries, scientific understanding of these properties has 
increased with the development of classical electromagnetic 
theory. [1] In recent decades, interest in the properties of light 
dispersion, by small particles, can increase the properties of 
strong light absorption of these materials particularly the 
properties of small metal nanoparticles, which are mass electronic 
resonances as Plasmons. [2] As the significant optical properties 
of the metal nano-particles are changing their color, the dilute 
suspension is condensed from nanoparticles, and we can observe 
this phenomenon. [2] The change in color from red to blue can 

easily be seen when the molecules of the vials are added to the 
metal nanoparticle suspension such as a salt solution or binding 
molecules as hemoglobin or DNA in the gold colloid. nano-
particles begin to join; a pair of nanoparticles is formed, and the 
optical transmission spectrum transmitted to wavelengths is larger 
than the peak absorption spectrum for the isolated nanoparticles. 
[3] This phenomenon requires an understanding of the 
electromagnetic properties of the interaction of metal 
nanoparticles in close proximity. The physical fano resonance 
mechanism interference is between the widespread chains and 
narrow centralized modes. While the main work in the Fano 
resonance interference is related to the description of the 
mechanical quantum of the electron state of atoms. Since then, 
Fano resonance interference is a very common phenomenon that 
is shown in a wide range of classical oscillator systems. [4] The 
interference channel, one of which is subjected to phase-
dependent energy, is imaged with a simple analytical model. The 
more complex models are based on the theory of mode coupling, 
which is a general way to explain the fano-resonance (Halas et 
al., 2011). The Fano resonance interference in Plasmonic 
structures results from the inherent interference of absorption 
channels, such as the excitation of conducting electrons. Now, the 
Fano resonance has been investigated due to regulated radiation 
interference in Plasmon models. The key elements of this fano 
resonance are the interference of radiation and the breaking of 
symmetry. In the following sections, the modes of cloud 
computing and breaking the symmetry of nanostructures are 
described, and it causes a coupling between superstructure and 
under-propagation modes creating Fano resonance. 

Plasmon Resonance Surface 

When conducting electrons oscillate tightly, they displaced them 
as a superconducting electron, which increases the distribution of 
superficial loads. [4] 

Each collective fluctuation with different surface load distribution 
is known as surface resonance Plasmon. The number of these 
modes is determined by frequency, width, and electron density. 
These nano-scale structures consist of metal and dielectric, whose 
dimensions are below the stimulated wavelength (the wavelength 
of radiation that stimulates the Plasmonic waves), and it is 
divided into two parts. Each of them is an application of metals 
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and electromagnetic waves in a nanometer profile in two-
dimensional, single-dimensional, and even zero-dimensional 
structures. These two areas are: 

1. Localized surface plasmon  
2. Surface plasmon polariton  

The expansion of surface Plasmons in nanoscale structures is 
called the exacerbation of local surface Plasmons. Local surface 
Plasmons are the non-transmitted stimulation of electrons in the 
conduction band of metallic nanostructures. The electromagnetic 
field is coupled to them. 

Breaking the symmetry and Fano resonance of Plasmon 

Even the simplest breaking of symmetry causes coupling between 
dark and light mode such as the replacement of one of the 
nanoparticles in different particle size nanometer particles. [4] 
For a well-developed Fano resonance, it is necessary to interfere 
with the dark mode of a brightly colored spectrum. Such a 
spectral overlay is obtained by adjusting the geometric shape of 
the nanostructures. As the dark mode is in the optical spectrum, it 
seems to be interacting with the bright spectrum leading to a 
hybrid model. By blending of bright mode with a bipolar torque, 
it becomes larger moment by moment.  

Fano resonance applications 

Fano resonance can effectively prevent light, and it is used with 
very rugged dispersion for sensor applications. Fano resonance in 
the Plasmonic systems can be divided into three coupling regions 
including the weak coupling, upgraded field area, and strong 
coupling. Since the field of Plasmonics has changed a lot from 
the past up to now, researchers have developed sophisticated 
controls on the design and construction of the controlled nano-
particles. From the first Raman’s spectroscopy experiment, 
fluorescence enhanced Plasmon and the latest applications in the 
field of biomedical research have been developed (Halas et al., 
2011). 

Self-assembly clusters of Plasmonic nano-particles 

The colloid arrangement itself is a substitute for the high-low 
method and allows for the fabrication of nanostructures. Self-
assembly metal-dielectric spheres are based on nano-fossil 
structures. The dielectric separators are used to adjust the gap 
between nano-particles of about 2 nm in these clusters. These 
types of nano-particle clusters made by chemical means can be 
generalized to three-dimensional and two-dimensional structures, 
and they can be used as building blocks for metamaterials. The 
fano resonance-like is created by the interaction between the 
superradiant ‘bright’ mode and the subradiant ‘dark’ mode in a 
nanostructure. (Fan et al., 2010) Moreover, this is characterized 
by a minimum in the spectrum of dispersion. The self-assembly 
colloidal clusters of spherical dielectric metal have optical 
properties, and the number and position of the particles in the 
clusters control them. The resonances in these structures are made 

of a strong electromagnetic coupling of particles in the close 
proximity, and it can be described by Plasmon hybridization. The 
clusters are arranged in a relatively simple manner based on the 
Capillary-driven method, and the gap between particles is 
controlled by 2 nm polymer separators. 

Heptamer Fano resonance 

Heptamer fano resonance whose symmetric clusters consist of 
seven identical elements supports the interaction of complicated 
Plasmonic motions that lead to fano resonance-like interference. 
[4] A fano resonance-like interference like a chain of radiant 
photons, superradiant bright mode, which is coupled to a dark 
subradiant mode that does not bind to radiant photons. Instead, 
it's clear mode through the interaction of the field near the 
coupling. (Fan et al., 2010) These modal interactions do not exist 
in simpler clusters such as dimmer and a trimer. An additional 
structural complexity for clusters is needed to support them from 
interacting with bright and dark modes. One way to break the 
dimmer and trimer symmetry is to create a new dark mode. 
Heptamer could make a strong electromagnetic coupling among 
the seven particles of the new Plasmonic modes, and it supports 
fano resonance without breaking symmetry. 

Fano resonance in the octamer 

Fano resonance in other symmetric clusters consists of a central 
particle surrounded by a rim of particles. The reason for a specific 
fano resonance in Heptamer is the almost complete elimination of 
the total bipolar torque of a rim of particles and a central particle 
in a subradiant mode. [5] The conditions for a Fano resonance are 
not satisfactory. However, as the diameter of the central particle 
grows larger, the bipolar torque increases. For a large magnitude 
large enough, the bipolar torque can be equal to the surrounding 
rim. Much of the current interest in fano resonance is in 
plasmonic Systems, and this is due to their potential capability in 
LSPR sensors. 

Plasmonic deformation 

Plasmonic deformation is the creation of new modes in nano-
clusters by adding dielectric nano-particles. As molecules are 
attached to the atoms bonded by chemical bonds, Plasmonic 
nano-clusters are composed of metal nano-particles bound by the 
local field of light. Plasmonic nano-clusters have been the subject 
of interest in recent research due to their complex optical 
properties. [5] They are primarily for use in applications, whose 
optical response is very sensitive to small changes in the local 
dielectric environment. Dielectric nano-particles, when placed in 
a Plasmatic cluster, can make important changes to both optical 
fields of the field. This effect is very important in the design of 
the sensor to detect analysts in the range of 10-100 nm, such as 
large bio-molecular aggregates, bacteria, and viruses (Wen et al., 
2012). [5] The addition of any dielectric nano-particles at specific 
locations in a Plasmonic cluster introduces a completely new 
Plasmon mode. It changes the current mode, which leads to 
metallodielectric nanostructures.  
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Investigating the effects of carbon nanoparticles in the dimmer 
structure 

Placing a carbon nano-particle into the dimmer connection clearly 
illustrates the role of the added nano-particle in modifying the 
properties of a Plasmonic cluster. The increased dielectric 
function in the particle gap increases the coupling between the 
two metal nano-particles where they are located. The addition of 
a dielectric nanoparticle to a metal cluster can be used as a 
method to increase the coupling between particles and two 
specific elements of a metal cluster, without reducing the physics 
distance between metal nanoparticles. The load density graph 
clearly represents a hybrid polarized four-pole model. For 
commonly used dimmers with a relatively large particle gap, this 
mode is not excited directly with light. However, when carbon 
particles exist, the local electric field results from the polarization 
of the dielectric particle quadruple Plasmon and the system. It 
obtains a pure bipolar torque that provides a mode-able 
excitement with light. By comparing the local distribution of 
these modalities, the presence of dielectric nanoparticles provides 
the effect of an additional field detention for a quadrupolar 
Plasmon model (Wen et al., 2012). [5-6] 

Changes in Plasmonic Modes 

For the Plasmonic clusters that represent the coherent 
phenomenon, adding dielectric nano-particles to nanostructures 
causes more changes in Plasmonic modes. Four nano-particles of 
carbon are arranged in a decamer nano-cluster respectively, this 
Plasmonic nano-cluster consists of ten discs surrounded by a 
central disk by a rim of nine peripheral disks adjacent to each 
other and into a central particle. The coupling between the 
diffraction mode plasmon and the Plasmon mode following the 
propagation of this structure leads to the increase of the specific 
Fano resonance in the scattering spectra. The carbon nano-
particles are placed in spacing between the cluster particles 
respectively. Following the placement of carbon nanoparticles, 
the spectrum of dispersion changes with the use of darkfield 
microscopy. Figure 1 shows 24c (i, ii, iii) characterizes the nature 
of the Plasmon mode below the propagation for the dielectric 
metal set. (Fig. 4).  The first spectral property (i) in which all of 
the nano-particles in the phase are in the cluster, the spectral 
property (ii) of the load distribution is a strong fano resonance 
property, which has slightly changed with the presence of 
dielectric nanoparticles. We clearly see the spectral properties 
(iii) that there is a rotating symmetry of peripheral nano-particles 
and a superstructure of load fluctuations in the central particle, as 
a mode of magnetic plasma, it can be determined. In the absence 
of carbon particles, this mode has no bipolar torque; and it is not 
radiate with near-level radiation. 

 

 
Fig. 1: shows the evolution of the dispersion spectrum of a gold 

decoration with four nano-particles of carbon 35 nm.[4] 

Simulation and results 

• Coupled Plasmonic structures 

The light is perpendicular to these structures. 

The structure of the dimer disc 

The structure of the two nanodisks is arranged side by side and 
the disk space is approximately 15 nm, and their kind of gold is 
simulated with a mesh size of 1 nm. 

 

 
Fig. 2: The scattering spectra for the Plasmon dimmer disk mode 

occurred at 528 nanometers.  
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structure of nano-ring dimer 

This structure is made up of two nano-ring with an internal 
diameter of 45 nm and 85 nm in diameter, and the rim is about 15 
nm. They are made of gold, which is simulated with a mesh size 
of 1 nm. 

 

 
Fig. 3: the scattering spectra for nano-ring dimmer plasmon mode 

occurred at 541 nm. 

dimmer Nanoring with carbon nanoparticle 

This structure of the dimmer is made up of two nano-ring with an 
internal diameter of 45 nm and 85 nm in diameter. nano-particles 
of carbon nanotubes with a diameter of 15 nm are placed in the 
chamber. The rings are about 15 nm in diameter, and they are 
made of gold, which is simulated with a mesh size of 1 nm. 

 

 
Fig. 4: shows the scattering spectra for nano dimmer with carbon 
nano-particle in dual polar mode at 628 nm and a four-polar mode 
at 459 nm. The scattering spectra of the ring is relative to the red-

shift of disk. Moreover, the addition of carbon nanoparticles to 
the shuffling of the Plasmonic mode leads to the emergence of a 

four-polar mode. 

Structures with a Fano resonance  

The Fano resonance is created by the interaction of superradiant 
and subradiant mode. The Fano resonance is usually made up of 
four-dimensional structures. The light is perpendicular to these 
structures. 

Heptamer structure 

This structure consists of seven disks with a diameter of 35 nm.  
The rings distance is about 10 nm, and their kind of gold is 
simulated with a mesh size of 1 nm. 

 

 
Fig. 5: Heptemar scattering spectra without carbon nano-tube 

dielectric with resonance at 640 nm wavelength. 
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Heptamer structure with dielectric carbon nano-particles 

This structure consists of seven disks with a diameter of 35 nm, 
with carbon nanotubes with a radius of 3.5 nm in the locations 
shown.  The disk space is about 10 nm in diameter and is made 
up of gold, which is simulated with a mesh size of 1nm.  

 

 
Fig. 6: shows the heptameter scattering spectra occurs with 

carbon dielectric nano-particles that has a fano-resonance at 737 
nm. As a result, adding nanoparticles to the metal cluster 

increases the coupling between nano-particles without reducing 
the physical distance between nanoparticles. Four polar modes 

are observed at 450 nm. 

The structure of the octamer naoring 

This structure consists of eight nanorings. Nano-rings with 
internal diameter 52 nm and 82.3 nm in diameter and peripheral 
nano-rings with a diameter of 57 nm and an outer diameter of 33 
nm. The rings distance is about 15 nm, and their kind of gold is 
simulated with a mesh size of 1 nm. 

 

 
Fig. 7: The scattering spectra without carbon dielectric nano-

particles that have a Fano resonance at a wavelength of 625 nm. 

The Octamer nanoring with carbon nanoparticles 

 

 
Fig. 8: shows the dispersion rim diagram of carbon dioxide 

nanoparticles with the Fano resonance at a wavelength of 690 nm. 
To obtain a deep Fano resonance, we need to surround it with an 
oscillator cluster containing a central particle. It is made up of a 

rim of seven particles that must be large enough to have a central 
particle size. By adding carbon dielectric nano-particles at 
selected locations, we can make the red-shift resonance. 

The structure of the decamer disc 

This disc shaping structure consists of a central disk with a 
diameter of 178 nm and not an external disk with a diameter of 85 
nm, and the gap between disks is approximately 15 
nanometers. They are made of gold, which is simulated with a 
mesh size of 1 nm. 
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Fig. 9: shows the scattering spectra without carbon dielectric 

nano-particles having a Fano resonance at a wavelength of 662 
nm. 

The structure of the decamer disc with carbon dielectric 
nanoparticles 

 

 
Fig. 10: shows scattering spectra with carbon dielectric nano-

particles that has a   Fano resonance at a wavelength of 744 nm. 
The Fano resonance has shifted toward the larger wavelengths by 

adding carbon dioxide nano-particles at selected locations. 

The Nanoring decamer 

This decamer ring-shaped structure consists of a central ring with 
an outside diameter of 178 nm and an internal diameter of 100 
nm, nine outer rings with an external diameter of 85 nm, and an 
internal diameter of 45 nm and a distance between rims of 
approximately 15 nm. They are made of gold, which is simulated 
with a mesh size of 1 nm. 

 

 
Fig. 11: the scattering spectra of nanoring decamer with carbon 
dielectric nano-particles that has a   Fano resonance at 694 nm. 

Nano-ring decamer design with carbon dielectric nano-particles 
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Fig. 12: shows the scattering spectra with carbon dielectric nano-
particles. fano resonance has occurred at wavelengths of 798 and 
694 nm. In a larger number, the Fano resonance of the Plasmonic 

cluster consists of a central ring surrounded by a ring of nine 
adjacent rings. Adding four nano-particles of the dielectric at 

specific locations between nano-particles increases the magnitude 
of the massive Plasmonic masses. 

Disk-ring structure  

This disk-ring decoration structure consists of a central disk with 
a diameter of 178 nm and an external rings with a diameter of 85 
nm. The inner diameter is 45 nm in gold and the distances are 
approximately 15 nm. The distance between the rings is about 15 
nm, and they are made of gold, which is simulated with a mesh 
size of 1 nm. 

 

 
Fig. 13: shows the disc-ring dispersion Scale - A rim without 
carbon dielectric nano-particles that has a phosphorescence 

wavelength of 697 nm. 

The disc-ring structure with carbon dielectric nano-particles 

 

 
Fig. 14: shows the disc-ring scattering spectra with Carbon 

Dioxide nano-particles.fano resonance has a wavelength of 713 
nm. By adding carbon dielectric nano-particles, the depth of the 

Fano resonance increases; and it has shifted toward larger 
wavelengths. 

Nano-rings structure with carbon dielectric nano-particles 
inside the rings 

This nano-ring structure with 20 nm diameter carbon nano-
particles inside the rings consists of a central ring with an outside 
diameter of 178 nm and an inner diameter of 100 nm; nine outer 
rims with an outer diameter of 85 nm and an inner diameter of 45 
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nm. The distance between the rings is about 15 nm; and they are 
made of gold, which is simulated with a mesh size of 1 nm. 

 

 
Fig. 15: shows the scattering spectra of the ring with the carbon 
dielectric nano-particles inside the rings. It has a fano-resonance 

wave at 731 nm. 

Changing the index of the environment 

Nano-ring has been studied by changing the refractive index to 
methanol, butane, and oil. 

Figure 15 shows the scattering spectra with a refractive index of 
n-1.326 methanol and a Fano resonance at 871 nm 

 
Fig. 16: shows the scattering spectra with a refractive index of n-

1.397 butane, a fano-resonance of 905 nm. 

 
Fig. 17: Dispersion diagram with a refractive index to n = 1.506; 

oil; and   Fano resonance at 966 nm. 

The increase in the refractive index of the magnetic field of the 
resonant shift increases toward larger wavelengths. 

Conclusion 

Obtaining the scattering spectra of the coupled nanostructures 
based on controlled variations, and in this structure, it is ideal to 
determine the dimensions based on the optical response. The 
behavior of the structure designed for environmental changes and 
the effects of these changes on Plasmon resonance has been 
investigated. By adding Nan particles, how much does the 
scattering spectra shift toward long wavelengths, and to create a 
Fano resonance at a larger wavelength. Optical properties of 
nanoring and gold discs were investigated in various Plasmonic 
structures. As it was observed, the resonance peak strongly 
depends on the polarization direction and the distance between 
the particles. 

A very high surface Plasmon coupling is observed in the gold 
Nano-ring dimmer gap area. A superficial Plasmon coupling is 
observed in the gold nano-ring dimmer band. The intensity of the 
field has increased in the distance between the particle and the 
diameter of the disk with the same diameter. Compared to a 
dipole mode coupled in a disk trimer, this bipolar mode is shifted 
in a nano-ring dimmer due to the extra electric field in the nano-
ring inner field and the increase in the field at the chat interval, 
and this is due to the coupling of a massive dipole Plasmon. As 
seen in the scattering spectra, the Fano resonance strongly 
depends on the geometric and dielectric field. By varying the size 
of the cluster, the geometric shape and size of each of the clusters 
can be adjusted to vary the wavelengths of the resonant 
resonance. It also changed the properties of the Plasmonic 
clusters by adding carbon dielectric nano-particles at specific 
locations in the clusters. The placement of the nanoparticles of 
carbon nanotubes in a four-pole Plasmon model introduces metal 
dielectric. As a result, the Plasmonic clusters made by the 
lithographic method are shown on the nanoscale resonance scale, 
and it heavily depends on the geometric shape and dielectric area. 
By changing the size of a heptamer, it is possible to adjust the 
Fano resonance at different wavelengths. By breaking the 
symmetry, we can adjust the Fano resonance over longer 
wavelengths. The Plasmonic properties of metal nano-clusters 
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can be varied by adding nano-particles at specific locations. For a 
Plasmonic dimmer, the placement of a dielectric nano-particle in 
a particle gap, a quadrople  Plasmon molecule appears in the 
dispersion graph. When a dielectric nano-particle is placed at one 
of the spacing between the particles. For Plasmonics, the decamer 
leads to a similar change in load distribution; like what is 
observed in the dimer structure; however, we observe this. The 
sequential placement of the dielectric nano-particles in the 
particle gap causes an increase in the mode of massive magnetic 
Plasmon in the nanocomposite. Essentially, Fano resonance 
makes the resonance a new mode. This is a simple and 
remarkable way to create or transform the mode of Plasmon into 
new modes, and this shows with different symmetry and 
properties. For Plasmonic clusters, magnetic power is comparable 
to that of a Fano resonance. This method of placement and 
modification can be a potential application in the storage of 
digital data of devices with optical retrieval. 
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