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Abstract:
In this paper, the scattering-to-absorption ratio that is a measurable factor and defined as the ratio of the
scattering cross section to the absorption cross section in plasmonic core-shell nanoparticles with different
shapes is investigated. The effect of various plasmonic materials on the scattering-to-absorption ratio is
presented that can play a key role in plasmonic solar cell efficiency improvement. In addition to using
plasmonic materials as silver and gold, we use poor metals as bismuth because this type of metals are
good materials for UV plasmonics. We also use semiconductor copper chloride (CuCl) in our calculations,
because this material exhibits a strong exciton resonance, while the interaction between the plasmon
resonance in metals and the exciton resonance in CuCl leads to new plexcitonic modes.
Keywords: Plasmonic nanoparticle, Scattering, Absorption.

1. INTRODUCTION

The interaction between the electromagnetic field and metal
nanoparticles can cause significant optical phenomena, which
makes them extraordinary scatterers and absorbers of light. In
fact, nanometer-sized metallic particles which support plasmon
resonances at optical and near-optical frequencies can manip-
ulate light-matter interactions to induce absorption and scat-
tering through their localized surface plasmon resonances [1].
These unique optical effects make nanoparticles suitable for
many practical applications such as photovoltaic cells or solar
cells, optical devices, sensing, detection and spectroscopy, bio-
logical Imaging and biomedicine [2–5].

The phenomena of absorption and scattering of an electro-
magnetic wave by particles specially nano-scaled size are nu-
merous and have significant applications in optics, communica-
tions and sensors [6]. The optical absorption and scattering be-
havior of metallic nanoparticles with different shape is a topic
of interest. When light is incident on a particle can be absorbed
or scattered. The scattering-to-absorption ratio (SAR) is defined
as the ratio of scattering power to absorption of radiation by a
particle or the ratio of the scattering to the absorption power
[7, 8]. It can be engineered by different parameters such as the
size, shape and the surrounding medium. As an example, plas-
monic nanoparticles has potential to enhance efficiency of so-

lar cells and the plasmonic properties of metal nanoparicles is
strongly sensitive to the geometry of nanoparticle [9]. Further,
plasmonic nanoparticles can provide a promising platform of
potential detection and energy applications due to the enhance-
ment of optical fields and their unprecedented sub-wavelength
light focusing capability [10]. Plasmonic nanoparticles exhibit
characteristic resonances in absorption and scattering, and they
are strong scatterers of light at wavelengths near the plasmon
resonance [11]. In addition, plasmonic nanoshells can be uti-
lized as a promising structures to exploit plasmonic resonances
for photovoltaic applications because they exhibit controlled
optical resonances [12].

There exists a lack of discussion on the SAR of plasmonic
nanoparticles with different shapes such as spherical, cylindri-
cal and ellipsoidal types of the nanostructures. In addition,
nanorods are nanoparticles elongated into rod-like shapes have
received great attention because of their tunable optical prop-
erties. In this brief report, however, we investigate the SAR
of plasmonic nanoshells of the core-shell type with different
shapes because the phenomena of scattering and absorption of
light by nanoparticles are central to many science and technol-
ogy. In fact, control of the SAR in metal nanoparticles helps us
to design new plasmonic-base devices with high efficiency and
performance which can be used in related applications. How-
ever, this work is focused on study of the SAR from different
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Fig. 1. Schematic diagram of different plasmonic core-shell
nanoparticles, (a) cylindrical, b) ellipsoidal, c) nanorod, and d)
spherical, embedded in a dielectric environment with permit-
tivity ε3.

plasmonic coated nanoparticles or nanoshells, because the SAR
is a criterion to evaluate the relationship between the scattering
and absorption cross sections.

2. ANALYSIS AND DISCUSSION

The scattering and absorption phenomenon arises from the
interaction between the electromagnetic radiation and matter.
The light absorption and scattering are determined by the elec-
trostatic polarizability. In order to calculate the optical polariz-
ability of coated nanoparticles, suppose a plasmonic nanoshell
depicted in Fig. 1 is illuminated by an electromagnetic wave, in
which the size of the proposed nanoparticles is much smaller
than the wavelength of incidence light. At the resonance wave-
length, metallic nanopaticles strongly interact with the incident
light. It is assumed the core and the shell have the respective
dielectric constants of ε1 and ε2, and the embedding medium is
described by the dielectric function, ε3. We consider only the
dipolar response to incident light. So, without going into the
full details of dipole polarizability relation of different nanopar-
ticles shown in Fig. 1, the polarizability relation of core-shell
nanocylinder and nanosphere geometries are given by, respec-
tively [13–15]
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and the polarizability relation of coreshell ellipsoid geometry is
given by [5, 13, 16–18]
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where j = 1, 2, 3 denote three principal axes and k = 1, 2. Also,
the dipolar polarizability of a coreshell nanorod is given by [5]
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where, V1 and V2 are the volume of the core and the shell, re-
spectively.

However, the optical absorption and scattering cross sec-
tions are expressed as [19–21]







σabs(ω) ∝ ωIm[α(ω)],

σscat(ω) ∝ ω4|α(ω)|2,
(8)

where the scattering-to-absorption ratio is defined as SAR =
σscat(ω)/σabs(ω) [7, 8].

The easy tunability of the optical properties by changing
shape of metallic nanoparticles, makes them suitable for a wide
range of applications. In order to enhance light-trapping in
thin-film optoelectronic devices and increasing the efficiency of
them, nanoparticles that exhibit low absorption and large scat-
tering cross sections are good candidate. Owing to the ability
of plasmons in metals to confine light on sub-wavelength scales
that has been opened up new design possibilities for solar cells
[22], in Figs. 2-4, we have investigated the effect of changing the
nanoparticle shape on the SAR in plasmonic nanoparticles for
different core-shell nanoparticles. For this purpose, the materi-
als chosen are silver (Ag), gold (Au), Bismuth(Bi), silica (SiO2)
and semiconductor copper chloride(CuCl). The appropriate pa-
rameters for Ag, Au, Bi and CuCl can be found in tables 1 and
2, respectively. Also, table 3 shows radii of different plasmonic
coated nanoparticles depicted in Fig. 1. In addition, the sur-
rounding medium of nanoparticle is silicon having a refractive
index of 2.25.

It can be seen the SAR is strongly influenced by the changing
of the nanoparticle shape as shown in Figs. 2-4. The low-loss
noble metals Ag and Au can be used for plasmonics in the visi-
ble range and NIR, and the poor metal bismuth can be used for
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Table 1. Drude model parameters for Bismuth (Bi) [23], silver
(Ag) and gold (Au) [24].

ε∞ ωp(eV) γ(eV)

Au 6.9 8.9 0.07

Ag 3.57 9.2 0.052

Bi 3.702 9.004 0.878

Table 2. Lorentz model parameters for CuCl [25, 26].

ε∞ ω0(eV) γ(µeV) A(oscillator strength)

CuCl 5.59 3.3022 49.206 632

Table 3. The core and shell radius of different nanoshells de-
picted in Fig. 1.

Core and shell radius

Fig. 1a [R1, R2] = [5, 10]nm

Fig. 1b [a1, b1, c1] = [2, 3, 5]nm & [a2, b2, c2] = [7, 8, 10]nm

Fig. 1c [a1, a2] = [5, 10]nm & [h1, h2] = [5, 8]nm

Fig. 1d [R1, R2] = [5, 10]nm
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Fig. 2. Comparison between calculated spectra of the SAR for
different plasmonic nanoshells. The nanoshell is composed of
a gold core and a concentric shell of Ag and Bi for (a) and (b)
plots, respectively.

plasmonics in the near to far ultraviolet range [23]. The compar-
ison of SAR between Au core/Ag shell and Au core/Bi shell
nanoprticles is shown in Fig. 2. In Fig. 2a the coating layer is
Ag, in which in Fig. 2b the coating layer is Bi. Both the intensity
and position of the SAR are sensitive to the nanoparticle shape.
As demonstrated in this figure, the intensity of SAR is weak
when the shell is Bi. This means that the absorption intensity
by a Au core/Bi shell structure is stronger than the scattering in-
tensity, in which for photovoltaic applications it is particularly
important to minimize absorption.
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Fig. 3. Comparison between calculated spectra of SAR for dif-
ferent plasmonic nanoshells. The nanoshell is composed of a
CuCl core and a concentric shell of Au and Bi for (a) and (b)
plots, respectively.

Combining metal and semiconductor nanoparticles in one
system leading to plasmon-exciton coupling (also called plex-
citon) which has attracted a lot of interest recently due to a
wide range of their potential applications as biosensors and so-
lar cells [27]. To investigate the SAR in a metal-semiconductor
nanostructure, we have considered a plexcitonic nanoshell con-
sists of a semiconductor CuCl core that exhibits a strong exci-
ton resonance and a very small spectral width [28], coated by
a metallic shell which can strongly absorb and scatter light due
to its ability to support surface plasmon resonances as demon-
strated in Fig. 3. It is interesting to note that the properties of
both the plasmon and the exciton can be modified by strong
coupling between the localized surface plasmon resonances in
metallic nanostructures and the local excitons in semiconduc-
tors [29]. As observed in Fig. 3, a sharp peak appears in the
SAR spectrum at 3.3 eV when the core is CuCl and the shell
is gold, while a very sharp and strong peak appears at about
3.2 eV when the core is CuCl and the shell is bismuth. In fact,
the appearance of sharp peak is due to the exciton resonance of
semiconductor CuCl core.

For enhancement of light-trapping in silicon solar cells, we
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Fig. 4. Comparison between calculated spectra of SAR for dif-
ferent plasmonic nanoshells. The nanoshell is composed of a
silica core (SiO2) and a concentric shell of Au, Ag and Bi for
(a), (b) and (c) plots, respectively.

need nanoparticles that exhibit low absorption in the visible
and NIR, and large scattering cross-sections across the useful
solar spectrum [30]. On this basis, the SAR spectra for dif-
ferent silicon-based nanoparticles is potted for SiO2 core/Au
shell, SiO2 core/Ag shell and SiO2 core/Bi shell nanoparticles
as shown in Fig. 4. The results show that the SAR decreases
when SiO2 coated with a poor metal as Bi. In addition, the
cross-sectional shape of nanoparticle is seen to affect the peak
position and width of the spectrum that is important for photo-
voltaic applications. Since, the coating shell increases the light
scattering, coating SiO2 with a plasmonic shell such as silver or
gold can increase the SAR.

3. CONCLUSION

In summary, a comparative study of the scattering-to-
absorption ratio in different nanoparticles such as nanosphere,
nanorod, nanoellipsoid and nanocylider with core-shell geome-
try in a large spectral range has been investigated which makes
them suitable for a wide range of applications. It is found that
the SAR is strongly influenced by the changing of the nanopar-
ticle shape and all surface plasmon resonance peaks are tunable
by changing the shape of particle. Our results give helpful in-
sights in the development of photovoltaic cells and sensors.
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Figures

Figure 1

Schematic diagram of different plasmonic core-shell nanoparticles, (a) cylindrical, b) ellipsoidal, c)
nanorod, and d) spherical, embedded in a dielectric environment with permittivity ε3.



Figure 2

Comparison between calculated spectra of the SAR for different plasmonic nanoshells. The nanoshell is
composed of a gold core and a concentric shell of Ag and Bi for (a) and (b) plots, respectively.



Figure 3

Comparison between calculated spectra of SAR for different plasmonic nanoshells. The nanoshell is
composed of a CuCl core and a concentric shell of Au and Bi for (a) and (b) plots, respectively.



Figure 4

Comparison between calculated spectra of SAR for different plasmonic nanoshells. The nanoshell is
composed of a silica core (SiO2) and a concentric shell of Au, Ag and Bi for (a), (b) and (c) plots,
respectively.
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