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Abstract 

In this research work, optical and dispersion responses of bimetallic quantum dot Ag@Au core-shell nanostructures embedded in 

the non-absorptive host-medium, along with the propagation of slow and fast light waves through these structures, have been 

investigated. The local field enhancement factor, absorption coefficient, refractive index and group velocity were studied by 

engineering silver (Ag) as a core and gold (Au) as a shell. The study is based on the quasi-static approximation of classical 

electrodynamics for composite radii ranging from 6 to 10 nm. Within this quantum dot configuration, two sets of plasmonic 

resonances were observed in the visible spectral region, corresponding to the two interfaces of the core–shell geometry. The 

optical properties of the composite were found to depend on factors such as core size, shell thickness, overall composite size, 

filling factor, and the dielectric function of the host medium. The two plasmonic resonances become closer and more intense as 

the composite size decreases for a fixed core size, while they shift in opposite directions. Moreover, the resonance peak intensity 

decreases as the core size increases for a fixed composite size. For optimized core/composite dimensions, shell thickness, and 

other parameter values, these Ag@Au core–shell nanostructures are promising for diverse applications including photocatalysis, 

biomedicine, nano-optoelectronics, security technologies, and optical communication. 
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1. Introduction 

Core–shell nanoparticles (CSNPs) are one of the most 

important types of composite materials, consisting of more 

than one distinct constituent - one serving as the core and the 

other as the shell - formed through an encapsulation process 

with various geometries and sizes, depending on the desired 

application [1, 2]. The main objective of this process is to 

obtain new materials with combined and/or unique properties 

that are not observed in their individual counterparts [2–5]. 

The core and/or shell materials of the composite can be me-

tallic, semiconducting, dielectric, or organic/inorganic in 

nature [3, 6, 7]. Among the various combinations of core–

shell nanostructures, metal@metal core–shell nanocompo-

sites exhibit novel properties suitable for a wide range of 

applications. These unique properties primarily arise from the 

interaction between metallic (plasmonic) materials and the 

electromagnetic field, which is enhanced by a phenomenon 
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known as surface plasmon resonance (SPR), as well as from 

the coupling between the plasmons of the metallic shell and 

those of the core [8]. At SPR frequencies, the collective os-

cillations of conducting electrons in the metallic nanoparticle 

are driven by incident resonant light, causing them to behave 

as electric radiating dipoles. In addition, metallic nanoscale 

materials possess strong absorption properties across the 

visible spectral region due to their relatively high absorption 

index [9]. 

Previously, the properties of two-layered bimetallic core–

shell nanostructures (CSNSs) have been investigated both 

experimentally [10-12] and theoretically [13, 14] for a variety 

of applications. These bimetallic core–shell nanostructures 

have attracted significant attention because of their unique 

physicochemical properties and potential uses in catalysis, 

electronics, optoelectronics, information storage, biosensing, 

optical sensing, optical switching, communication, and sur-

face-enhanced Raman spectroscopy (SERS). Due to surface 

plasmon resonance (SPR) excitations, metallic core–shell 

nanoparticles at the quantum dot scale exhibit distinctive 

optical characteristics. 

In the present study, the author reports the slow and fast 

electromagnetic light wave propagation and plasmonic re-

sponse of a composite consisting of silver (Ag) as the core and 

gold (Au) as the shell in the quantum dot size range. Although 

the optical properties and applications of noble metal@metal 

nanocomposites have been explored previously [15–17], to 

the best of our knowledge, the local field enhancement factor, 

absorption coefficient, and electromagnetic wave propagation 

in Ag@Au core–shell nanocomposites at the quantum dot 

scale have not yet been reported. 

Monometallic nanoparticles often exhibit limitations for 

certain applications; therefore, combining them with other 

noble metals can modify or generate new properties suitable 

for specific uses. Considering the exceptional physicochem-

ical characteristics and versatile applications of noble metals, 

this work focuses on the optical and dispersion properties of 

Ag nanoparticles coated with Au. Both Ag and Au nanoparti-

cles (NPs) have been extensively studied due to their high 

catalytic activity, excellent biocompatibility, strong optical 

sensitivity, facile synthesis, resistance to oxidation, and SPR 

bands capable of absorbing and scattering visible light more 

effectively than other noble metals [11, 18]. The plasmonic 

resonance of small bimetallic Ag–Au systems can be tuned 

from the visible to the near-infrared (NIR) spectral region [11, 

19, 20]. Owing to these noble properties and broad applica-

bility, the Ag@Au core–shell configuration is considered a 

promising strategy to achieve new and enhanced functionali-

ties for advanced applications. 

The paper is organized as follows: Section 2 presents the 

theoretical description of the bimetallic quantum dot Ag@Au 

core–shell nanocomposite, developed using the electrostatic 

approximation. Section 3 discusses the numerical analysis and 

results, while Section 4 provides the concluding remarks. 

2. Materials and Methods 

Consider a two-layered core-shell nanoparticle (CSNP) 

consisting of a metallic silver (Ag) core with a dielectric 

function (DF) of 𝜀𝑐, and a metallic gold (Au) shell of dielec-

tric function of 𝜀𝑠 embedded in a non-absorptive host matrix 

(magnesium fluoride = MgF2) characterized by a real DF 𝜀𝑚. 

The radii of core and shell are denoted by 𝑟𝑐  and 𝑟𝑠, respec-

tively, where the volume fraction of the shell relative to the 

composite is given by 𝜌 = 1 − (𝑟𝑐 𝑟𝑠⁄ )3. The schematic rep-

resentation of the composite is illustrated in Figure 1. When 

the two-layered CSNP is irradiated (placed in) with electro-

magnetic radiation, an electric field is induced within the 

system as the result of polarization. 

 
Figure 1. (Color online) The array of Ag@Au CSNSs embedded in the non-absorptive dielectrics host medium (left side) and cross-sectional 

view of one nano-inclusion (right side). 

When a metallic object is placed in a uniform external 

electric field, polarization occurs at its surface. In the far-field 

region, the polarized object can be approximated as an electric 

dipole, since the higher-order field components decay rapidly 

with increasing distance [21]. 

The induced electric dipole moment of the composite can 
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be expressed as [22], 

𝑝 = 𝜀𝑚𝛼𝐸0,                (1) 

where 𝐸0 is external applied electric field and 𝛼 is the po-

larizability of the system (the nanocomposite and the host 

medium) given by, 

𝛼 = 4𝜋 [1 −
3

2
[

𝜀𝑚[𝜀𝑐+𝜀𝑠(
3

𝜌
−1)]

𝛽
]] 𝑟𝑠

3.       (2) 

The variable 𝛽 in Eq. (2) is, 

𝛽 = 𝜀𝑠
2 + 𝐶𝜀𝑠 + 𝜀𝑐𝜀𝑚,            (3) 

where 

𝐶 = (
3

2𝜌
− 1) 𝜀𝑐 + (

3

𝜌
− 1) 𝜀𝑚.        (4) 

The effective permittivity (𝜀𝑒𝑓𝑓) of the composite given by 

[22], 

𝜀𝑒𝑓𝑓 = 𝜀𝑚 [
1+2ф𝜂

1−ф𝜂
],               (5) 

where, 𝜂 is the dimensionless polarizability defined by 

𝜂 = 1 −
3

2
[

𝜀𝑚[𝜀𝑐+𝜀𝑠(
3

𝜌
−1)]

𝛽
],           (6) 

and, ф is the dimensionless filling factor express as, 

ф = 𝑁
4𝜋𝑟𝑠

3

3
.                (7) 

𝑁 is the density number of the nano-inclusion in the host 

matrix. 

For simplicity, as shown in Figure 1, we assume a Drude 

model for the metal, which is adequate for describing certain 

simple and noble metals within appropriate ranges of light 

frequencies. The Drude model provides an effective descrip-

tion of the free-carrier response in metals. Hence, the dielec-

tric functions of silver (Ag) and gold (Au) can be expressed 

using the Drude model as [23]: 

𝜀(𝜔) = 𝜀∞ −
𝜔𝑝

2

𝜔[𝜔+𝑖𝜔0]
,           (8) 

where 𝜀∞ is the phenomenological parameter describing the 

contribution of bound electrons to the polarizability, 𝜔𝑝 is the 

bulk plasmon frequency, 𝜔0 is the damping constant of the 

bulk material, for Ag, 𝜀∞ = 4.5 , 𝜔0 = 0.072 𝑒𝑉 , and 

𝜔𝑝 = 9.02 𝑒𝑉  [12, 23] and for Au, 𝜀∞ = 9.84 , 𝜔0 =

0.011 𝑒𝑉 and 𝜔𝑝 = 9.62 𝑒𝑉 [5, 24]. 

3. Results and Discussion 

For composites with dimensions smaller than the wave-

length of the incident light, the quasi-static approach is ap-

propriate for calculating the polarizability. At the nanoscale, 

the incident electric field can be considered spatially uniform 

across the entire structure, allowing the composite to be ap-

proximated as an oscillating dipole. This simplification is 

referred to as the quasi-static approximation. 

3.1. Local Field Enhancement Factor 

The local electric field within the composite can be en-

hanced due to the differences in dielectric properties between 

Ag and Au, as well as between Au and the MgF2 host, in 

addition to the surface plasmon resonance of the Ag/Au in-

terface. The field enhancement factor is defined as the ratio of 

the electric field intensity around the composite to the applied 

electric field intensity. The local field enhancement factor 

(LFEF), (|𝜂|2) of the nano-composite is expressed as [25], 

 |𝜂|2 =
|𝐸|2

|𝐸0|2 = |1 +
𝛼

2𝜋𝑟𝑠
2|,              (9) 

where 𝐸 is electric field inside the composite, 𝐸0 is an ap-

plied external electric field and 𝑟𝑠 is the radius of the com-

posite. 

Using Eq. (9), the local field enhancement factor (LFEF) is 

illustrated in Figure 2 by optimizing the sizes of the core and 

the composite. As shown in the Figure, two plasmonic reso-

nances are observed, corresponding to the outer (Au/MgF2) 

and inner (Ag@Au) interfaces of the plasmonic shell, from 

left to right [22]. For a fixed composite size of 10 nm in Figure 

2(a), when the core size is decreased (i.e., the shell thickness (t) 

is increased) with the corresponding volume fractions of 

0.271, 0.330, 0.386, 0.438, and 0.488, the first resonance 

associated with the Ag@Au interface is enhanced and 

red-shifted, while the second resonance associated with the 

Au/MgF2 interface decreases in intensity without shifting. 

The plasmonic response of the composite also varies with the 

overall composite size. When the composite size is decreased 

for a fixed core size of 8 nm, as depicted in Figure 2(b), the 

first resonance decreases and shifts towards higher energy, 

whereas the second resonance is enhanced without shifting. 

For a fixed core size, as the composite size decreases, the shell 

thickness (t) simultaneously decreases, with the correspond-

ing volume fractions being 0.488, 0.448, 0.403, 0.353, and 

0.298. From these Figures, it is observed that the first reso-

nance becomes more intense with increasing volume fraction 

(i.e., when the volume fraction increases, the core material 

concentration decreases), whereas the second resonance at 

higher energy decreases with increasing volume fraction. For 

lower core concentrations, the resonance associated with the 

core surface is reduced. This behavior is primarily due to 

stronger interaction of the electromagnetic wave with the 

polarized charges at the interface of the composite when the 
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shell material (Au) is more dominant. All parameters of the composite are exemplified in Table 1. 

 
Figure 2. (Color online) Local field enhancement factor of Ag@Au core-shell nanostructures, (a) a decreasing core size for a fixed composite 

size and (b) a decreasing composite size for a fixed core size. 

Among the different parameters that affect the optical and 

dispersion responses of a core–shell nanocomposite are the 

dielectric function of the host medium and the concentration 

of the shell material (ρ, the volume fraction of the shell rela-

tive to the composite) layered on the core. As depicted in 

Figure 3(a), when the concentration of the shell material in-

creases (𝜌 ≅ 1, the composite is pure Au) the first resonance 

becomes more intense, while the second resonance diminishes, 

as discussed above. This indicates that when the shell material 

dominates, only a single interaction occurs at the interface 

between Au and the host medium (Au@MgF2). However, for 

certain applications, multiple resonances in different spectral 

regions are desirable. Beyond 𝜌 = 0.7, the second resonance 

diminishes, indicating that the contribution of the core mate-

rial becomes almost negligible. Another important parameter 

is the dielectric function (DF) of the host medium, which 

strongly influences the plasmonic properties of the core–shell 

nanostructure. As shown in Figure 3(b), various dielectric 

materials with DF values between 1.0 and 3.0, including air 

and water, are considered. In this analysis, the size of the 

nanocomposite is fixed at 𝑟𝑐 = 8 𝑛𝑚  and 𝑟𝑠 = 10 𝑛𝑚 . As 

shown in this Figure, the first resonance is more enhanced and 

red-shifted but the second resonance is slightly decreased. 

The Figure shows that the first resonance is enhanced and 

red-shifted, while the second resonance is slightly reduced. 

The first resonance, associated with the shell–host medium 

interface, becomes more pronounced as the dielectric function 

𝜀𝑚 of the host medium increases from 1 to 3. 

 
Figure 3. (Color online) Local filed enhancement factor of Ag@Au core-shell nanostructures, (a) as a function of shell material concentration 

for a fixed 𝜀𝑚 value and (b) as a function of DF of host medium for 𝑡 = 2.00 𝑛𝑚. 

From the results, it is evident that the applied electro-

magnetic field is enhanced and shifted toward the infrared 

spectral region for host media with high dielectric func-

tions. Nanocomposites exhibiting enhanced electric fields 

in the near-infrared spectral region may be suitable for a 

variety of applications. 
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3.2. Absorption Coefficient 

By considering the quasi-static limit approximation method, 

the absorption (𝜎𝑎𝑏𝑐), scattering (𝜎𝑠𝑐𝑐) and extinction coeffi-

cient (𝜎𝑒𝑥𝑐) can be modeled as the plasmonic response and 

have the following relation, 

𝜎𝑎𝑏𝑐 =
𝑘

𝜋𝑟𝑠
2 𝐼𝑚[𝛼],                (10) 

𝜎𝑠𝑐𝑐 =
𝑘2

6𝜋2𝑟𝑠
2 |𝛼|2,                 (11) 

𝜎𝑒𝑥𝑐 = 𝜎𝑎𝑏𝑐 + 𝜎𝑠𝑐𝑐,                (12) 

where 𝑘 = 2𝜋√𝜀𝑚/𝜆 [3]. 

In general, incident light propagating through the nano-

composite is attenuated by both absorption and scattering [26]. 

The absorption and scattering coefficients of the nanocom-

posite depend on its size and other parameters; for small 

composites, the absorption coefficient is typically larger than 

the scattering coefficient [27]. Since the diameter of the 

Ag@Au core–shell nanostructure (20 nm) is smaller than the 

wavelength of the incident light, the absorption coefficient 

dominates over the scattering coefficient. For quantum-sized 

core–shell nanoparticles, the extinction coefficient is nearly 

equal to the absorption coefficient. Therefore, in this study, 

we primarily focus on analyzing the absorption coefficient of 

the nanocomposite. 

In simple terms, the plasmonic properties of a core–shell 

nanostructure vary with the shell thickness and the sizes of the 

core and composite. Considering these parameters, this paper 

focuses on the plasmonic response of the novel composite 

material by simultaneously optimizing the core and composite 

sizes along with the shell thickness. 

The absorption coefficient of Ag@Au core–shell 

nanostructures is shown in Figure 4. As illustrated, it varies 

with the sizes of the core and composite. Figure 4(a) shows 

that, for a fixed composite size of 10 nm, decreasing the core 

size enhances the first plasmonic resonance and shifts its peak 

to lower energy (red-shifted), while the second resonance 

decreases in intensity without shifting. In contrast, when the 

composite size is decreased for a fixed core size of 8 nm, the 

first plasmonic resonance in the visible spectral region de-

creases in intensity and shifts toward higher energy (see Fig-

ure 4(b)). The volume fractions corresponding to the shell 

thickness in Figure 4(a) and 4(b) are the same as those used in 

Figure 2(a) and 2(b), respectively. 

 
Figure 4. (Color online) Extinction coefficient of Ag@Au core-shell nanostructures, (a) a decreasing core size for a fixed composite size 20 nm 

and (b) a decreasing composite size for a fixed core size 8 nm. 

In another analysis, the absorption coefficient of the bi-

metallic core–shell nanocomposite was plotted by varying the 

radius of the system for a fixed shell thickness of 1.0 nm. As 

shown in Figure 5(a), when the dimensions of the Ag@Au 

core–shell nanocomposites are increased from 6 nm to 10 nm, 

the first absorption resonance slightly increases in intensity 

and shifts toward higher incident photon energy. In contrast, 

the second resonance is enhanced without shifting. As dis-

cussed in the previous section, the nature of the host medium 

strongly affects the plasmonic properties of the bimetallic 

core–shell nanostructure and, consequently, its absorption 

coefficient. Changing the dielectric function (DF) of the host 

medium modifies the plasmonic behavior and, correspond-

ingly, the potential applications. As illustrated in Figure 5(b), 

the peak positions of both absorption resonances are 

red-shifted as the dielectric function of the host medium in-

creases from 1 to 3 in steps of 0.5. Similar to Figure 3(b), the 

resonances associated with the outer interface of Au are more 

enhanced and exhibit a larger shift than those associated with 

the inner interface. 
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Figure 5. (Color online) Absorption coefficient of Ag@Au core-shell nanostructures for a fixed shell thickness 𝑡 = 1.0 𝑛𝑚 (a) and the effect of 

dielectric function of the host-medium on the plasmonic response for a shell thickness 𝑡 = 2.0 𝑛𝑚 (b). 

3.3. Refractive Index 

The plasmonic properties of a given nanocomposite mate-

rial arise from the transmission, reflection, and absorption of 

incident light. In many plasmonic materials, the complex 

refractive index is one of the most important parameters. The 

refractive index is related to the dielectric function of the 

material, which describes the plasmonic interaction with the 

incident electromagnetic wave. The plasmonic response of a 

nonmagnetic nanocomposite structure to an incident elec-

tromagnetic wave can be represented by a complex refractive 

index (𝑛̃). 

𝑛̃ = 𝑛 + 𝑖𝑘 = √𝜀𝑒𝑓𝑓,            (13) 

where 𝜀𝑒𝑓𝑓 = 𝜀 ,
𝑒𝑓𝑓 + 𝑖𝜀 ,,

𝑒𝑓𝑓 is the complex effective dielec-

tric function of core-shell nanocomposite medium. 

The following Figures are plotted for a composite radius of 

10 nm and a filling factor (ϕ) of 0.001. The other relevant 

parameters are listed in Table 1. 

Using Eq. (13), Figure 6 depicts the real (𝑛) and imaginary 

(𝑘) parts of the refractive index of the composite in a passive 

host matrix. Figures 6(a)-6(c) illustrate the real part of the 

refractive index as a function of incident photon energy and 

wavelength. In these Figures, at higher wavelengths (or lower 

incident photon energies), the plasmonic resonance is 

red-shifted as the shell thickness increases. To examine the 

effect of the filling factor (ф), Figure 6(b) shows the results 

when the filling factor is doubled (ф = 0.002). In this case, 

the refractive index of the composite is further enhanced. As 

discussed above, the two resonances correspond to the inter-

faces of the shell material (Ag) [21]. If one material (core or 

shell) dominates the other, the resonance associated with the 

interface of the less concentrated material becomes weak and 

may even diminish. 

The imaginary part of the refractive index of the composite, 

shown in Figure 6(d), exhibits two plasmonic resonances 

corresponding to anomalous dispersion at the interfaces. As 

the volume fraction of the composite increases, the first res-

onance at lower wavelengths decreases in intensity without 

shifting, while the second resonance at higher wavelengths is 

enhanced and red-shifted. Due to electron transfer within this 

composite, emission in the visible spectrum is reduced, 

whereas emission in the ultraviolet (UV) region is enhanced, 

offering high tunability. 

 

http://www.sciencepg.com/journal/ajop


American Journal of Optics and Photonics http://www.sciencepg.com/journal/ajop 

 

23 

 
Figure 6. (Color online) Real part of refractive index 𝑛 (a-c) and imaginary part refractive index 𝑘 (d). 

3.4. Light Wave Propagation 

If an electromagnetic wave propagates through the nano-

composite with a refractive index 𝑛, the phase velocity can be 

expressed as 𝑣 = 𝑐/𝑛, where c is the speed of light in vacuum. 

Furthermore, the group refractive index 𝑛𝑔  of a line-

ar-dispersive core–shell nanocomposite is related to the group 

velocity 𝑛𝑔 [28], 

𝑣𝑔 =
𝑐

𝑛𝑔
,                        (14) 

The above equation describes the propagation of slow light 

through the nanocomposite. Using the definition of group 

velocity, the group refractive index [29] can be expressed in 

terms of the plasmonic frequency as 

𝑛𝑔 = 𝑛 + 𝜔
𝑑𝑛

𝑑𝜔
,                  (15) 

The group velocity of the composite can be controlled by 

optimizing the dispersion properties (𝑑𝑛 𝑑𝜔⁄ ), which deter-

mine the propagation of light waves in the material. A large 

value of 𝑑𝑛 𝑑𝜔⁄  allows the realization of slow and fast light. 

Specifically, for a large and positive 𝑑𝑛 𝑑𝜔⁄ , the group re-

fractive index 𝑛𝑔  becomes very large, corresponding to a 

very small group velocity (𝑐 > 𝑣𝑔 > 0), thus achieving slow 

light. Conversely, when 𝑑𝑛 𝑑𝜔⁄  is large and negative, the 

group velocity becomes negative, resulting in fast light 

propagation. Moreover, if 𝑛𝑔 ≤ 0, the group velocity can be 

negative and approach ±∞. A negative group velocity indi-

cates that the peak of the pulse exits the composite before the 

peak of the incident light enters, demonstrating superluminal 

(fast) behavior [28]. In Figure 7(a), 𝑛𝑔 = 0 is observed at 

four incident photon energies. The graph shows two minima, 

particularly for a shell thickness of 1 nm, with values of 

−12.59 and −4.21. As the shell thickness increases, these two 

resonances move further apart. Figure 7(b) shows five regions 

of 𝑣𝑔 𝑐⁄ , where three regions correspond to positive group 

velocity (𝑣𝑔 𝑐⁄ > 0) and the remaining two correspond to 

negative group velocity (𝑣𝑔 𝑐⁄ < 0). These regions are sepa-

rated by two pairs of asymptotes at 𝑛𝑔 = 0. The group ve-

locity approaches, 𝑣𝑔 →  +∞,  when the incident photon 

energy approaches a pair of asymptotes from outside, and 

𝑣𝑔 →  −∞ when approaching from inside the region. For 

𝑡 = 1 nm, the maxima of 𝑣𝑔 𝑐⁄  are −0.391 and −0.565 be-

tween the first (left) and second (right) pairs of asymptotes, 

respectively. In general, as shown in the Figures, a large neg-

ative group velocity index results in a small negative 𝑣𝑔 𝑐⁄ , 

while the reverse is true for the second resonance at higher 

photon energy. These results are consistent with the expres-

sions given in Eqs. (14) and (15). 

Table 1. List of important parameters. 

𝒓𝒄 (nm) 𝒓𝒔 (nm) 𝒕 (nm) Core volume (𝒏𝒎𝟑) Composite volume (𝒏𝒎𝟑) 𝝆 Figure 

9.00 10.00 1.00 729 1000 0.271 
2a, 4a, 5a, 6a, 6b, 6c, 6d, 7a, 

7b 

8.00 10.00 2.00 512 1000 0.488 2b, 4b, 5b 

8.75 10.00 1.25 670 1000 0.330 2a, 4a, 6a, 6b, 6c, 6d 

8.00 9.75 1.75 512 927 0.448 2b, 4b, 5b 

8.50 10.00 1.50 614 1000 0.386 2a, 4a, 6a, 6b, 6c, 6d 
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𝒓𝒄 (nm) 𝒓𝒔 (nm) 𝒕 (nm) Core volume (𝒏𝒎𝟑) Composite volume (𝒏𝒎𝟑) 𝝆 Figure 

8.00 9.50 1.50 512 857 0.403 2b, 4b, 5b 

8.25 10.00 1.75 562 1000 0.438 2a, 4a, 6a, 6b, 6c, 6d 

8.00 9.25 1.25 512 792 0.353 2b, 4b, 5b 

8.00 10.00 2.00 512 1000 0.488, 2a, 4a, 6a, 6b, 6c, 6d, 7a, 7b 

8.00 9.00 1.00 512 729 0.298 2b, 4b, 5a, 5b 

7.00 8.00 1.00 343 512 0.330 5a 

6.00 7.00 1.00 216 343 0.370 5a 

5.00 6.00 1.00 125 216 0.421 5a 

 
Figure 7. (Color online) The group velocity index 𝑛𝑔 (a) and group velocity 𝑣𝑔 𝑐⁄  (b) versus incident photon energy (eV). 

4. Conclusion 

In this paper, we investigated the local field enhance-

ment factor (LFEF), absorption coefficient, refractive in-

dex, group refractive index, and group velocity of Ag@Au 

core–shell nanostructures embedded in a non-absorptive 

host medium using the electrostatic approximation. All of 

these properties, as functions of incident photon energy 

and wavelength, exhibit two plasmonic resonances corre-

sponding to the inner and outer interfaces of the metallic 

Au shell. For the LFEF and absorption coefficient, the 

first plasmonic resonance is enhanced and shifts to higher 

energy when the core size decreases for a fixed composite 

size, but decreases and shifts in the opposite direction 

when the composite size is reduced for a fixed core size. 

The second plasmonic resonance decreases with decreas-

ing core size but is enhanced when the composite size 

decreases. Furthermore, increasing the volume fraction 

decreases the first resonance while enhancing the second 

for both LFEF and absorption coefficient. As the dielectric 

function of the host medium increases, the first plasmonic 

resonance of both the LFEF and absorption coefficient 

shifts toward longer wavelengths and becomes stronger, 

whereas the second resonance also shifts to longer wave-

lengths but weakens in intensity. Similarly, the first reso-

nance of the real and imaginary parts of the refractive 

index is enhanced and red-shifted with increasing shell 

thickness (or volume fraction), while the second reso-

nance is reduced. Slow and fast light propagation in the 

passive composite was analyzed using the group refractive 

index and group velocity. The results indicate that by op-

timizing the parameters of the core–shell nanocomposite, 

the conditions for superluminal and negative group veloc-

ity light can be controlled. Overall, these findings demon-

strate that two-layered bimetallic core–shell nanocompo-

sites, composed of a silver core coated with a thick gold 

shell, are promising candidates for applications in bio-

medicine, solar cells, catalysis, optical sensing, and in-

formation storage. 

Abbreviations 

Ag Silver 

Au Gold 

CSNP Core-Shell Nanoparticle 

DF Dielectric Function 

Eg Photon Energy 

http://www.sciencepg.com/journal/ajop


American Journal of Optics and Photonics http://www.sciencepg.com/journal/ajop 

 

25 

LFEF Local Field Enhancement Factor 

MgF2 Magnesium Di Fluoride 

NP Nanoparticle 

SERS Surface-Enhanced Plasmon Resonance 

SPR Surface Plasmon Resonance 

UV Ultraviolet 
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