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AB S T R A CT  

This theoretical work presents a comparative study of high tunability size dependent optical properties 

of quantum dot/wire triple layered core shell nanostructure based on the quasi-static approximation of 

classical electrodynamics embedded in a fixed dielectrics function of host matrix. In this paper, local 

field enhancement factor (LFEF), refractive index and optical absorbance of nanocomposite are 

analyzed by varying core size, thickness of spacer and shell as well as dielectrics function of the spacer 

for the size of the nanocomposite with the range of 20 nm to 40 nm. For both quantum dot and 

quantum wire triple layered core shell nanostructure (CSNS), there are two resonances in visible and 

near/in infrared spectral region with high tunability. When the shell thickness increase and therefore 

increasing the gold content, the surface plasmon resonance (SPR) at the outer interface shifts to higher 

energy (blue-shifted) and at the inner interface weak peaks and shifted to lower energy (red-shifted). 

All of three optical properties, depend on core size, dielectrics and thickess of spacer, thickness of shell, 

shape of composite and filling factor. For the same thickness of spacer and shell of the two 

configurations, cylindrical triple layered CSNS less pronounced and shifted to infrared red (IR) spectral 

region which is recommendable for biological and photocatalysis application.       

 

Keywords: Local field enhancement factor, Refractive index, Effective dielectrics, Filling factor, Host matrix, Optical 
absorbance  

1 Introduction  

Simply, core-shell or core-multishell is the system that involve two or more particles and/or compounds 

by using encapsulation process in different shape and size to obtain a final material with combined 

properties and other unique properties neither shown by the core nor by shell nanostructures due to the 

interaction of shell materials with the electromagnetic field which is greatly intensified by a phenomenon 

known as the surface plasmon resonance (SPR). Core shell nanoparticles (CSNPs) are nanostructured 

materials with interesting characteristics that offer a broad range of applications in optics, biomedicine [1], 

environmental science [2], materials chemistry [3], catalysis [4], information storage and energy because they 

have excellent properties such as versatility, tunability, and stability. They have attracted tremendous 

attention to their dramatically tunable plasmonic/optical properties. This unique property originates from 

the confined spatial distribution of the polarization charges over the surface of the nanostructure is taken 

as one of the main secrets of their application.  

The uniformly coated shell on its core provides enhancement to the core along with passivation and extra 

functionalities. An appropriate shell layer modifies the properties of nanoparticles and simultaneously its 

application, can protect the core from the damage of high energy laser pulses, improve resistance to possible 

chemical reactions with its environment and even modify the properties of nanoparticles. Noble metal 

nanoparticles (NPs) are of great interest due to their special optical [5], electronic [5], and catalytic [5],[6] 

properties. In addition to their potential applications, noble metal nanoparticles are also of interest on 

account of the ability to tune their surface plasmon absorption band by changing their size. The plasmon 
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absorption band is a result of the interaction between the electric/electromagnetic field of light and the 

collective oscillation of the conduction electrons at the nanoparticles surface [7]. Among noble metal NPs, 

Au NPs have been investigated most extensively because of their facile preparation, resistance to oxidation, 

and surface plasmon resonance (SPR) band that can absorb and scatter visible light. 

The interaction of plasmons with the surrounding medium and with the excites of the core materials leads 

to new optical features. For instance, energy and electron transfer from plasmon resonant metal surfaces 

to adjoining semiconductors can dramatically alter their optical properties, making semiconductor-metal 

nanocomposites a new class of multifunctional optical components, specially nanoparticles with a core shell 

configuration.  

Triple layerd core shell nanostructure is studied either by experimentally or theoretically or by combining  

both by many researchers because of their new applications and unique physical and chemical feature. For 

instance, in [8],  triple layered ZnO@Ag@ZnO explained by both experimentally and theoretically the 

effect of plasmon-exciton coupling on optical properties, in M. Liu et al [9], reported experimentally the 

influence of spacer, in the other paper [10], reported the biological application of triple layered CSNS. As 

explain in detail in [11], CSNS combine in different way, among these and triple layered CSNS, 

semiconductor-semiconductor-metal in one the most important combination. As far as my knowledge, 

triple layered metal Au coated materials are archetypal system for the study of exciton-exciton-plasmon 

interaction for optical and other applications with high tunability, is not studied yet. 

Inspired by the above considerations, in this paper, noble metal Au NP as a shell, ZnO NP as a core and 

for spacer nanoparticles SiO2, In2O3 and TiO2 are selected. These spacer materials have unique properties 

and used in large application field comparatively with the core material ZnO, for instance, SiO2 has  high 

chemical and thermal stabilities, catalysis, good compatibilities with other materials and chemical inertness, 

exhibited enhanced stability, optical and physical properties [12], In2O3 is an important n-type 

semiconductor with wide band gap of 3.55 − 3.75 𝑒𝑉 , high optical transparency, high electrical 

conductivity and excellent luminescence, which holds potential applications in transparent electronics, light-

emitting diodes, catalysis, solar cells , gas sensors and lithium-ion batteries [13],[14] and the third material 

titania (TiO2) has desirable properties such as high corrosion-resistance, abundance, low price, non-toxicity 

and large band gap (3.2 eV) [15] and potential application in many fields [15], [16] mostly in photocatalysis 

[17]. These triple layered core shell NPs can be modified by varying the plasmon resonant frequency 

through varying the parameters like core  size, the shape and size of nanocomposite, dielectrics of spacer 

and the interparticle distance. And by optimizing these parameters, the wavelength of the surface plasmon 

resonance shifted to the desired range, allowing for visible or infrared light absorption. 

As  explained in [2],[18],[19], ZnO nanoparticle has a potential application and unique optical properties 

than the other semiconductor materials. Recently, it was found that surface coating with different 

semiconductors and/or noble metal can dramatically change the properties of ZnO nano-crystallites as well 

as its applications [20].   

In this work, I explained the effects of core size, thickness of spacer and shell, dielectrics function of the 

spacer, size and shape of nanocomposite on the local enhancement factor, refractive index and optical 

absorbance of the ZnO@M@Au triple layered core shell based on the quasi-static approximation. The 

applied electric field enhanced by the core material covered by noble metal when the frequency of incident 

and plasmon resonance frequency as well as applied field and inter atomic fields are comparative and it has 

many applications [21]. This composite demonstrated that a thin shell of noble metal Au surrounding a 

spherical nanodot and cylindrical nanowire semiconductor core and semiconductor (SiO2, In2O3, TiO2) 

spacer between ZnO and Au exhibits two surface plasmon resonances associated with the outer and inner 

surfaces of the shell. As the shell thickness is decreased the two surface plasmons will interact with each 

other more strongly and hence shift in position relative to the position of the individual resonances of the 

sphere surface or cavity occurs. A detailed theoretical and numerical analysis of the local field enhancement, 

refractive index and optical absorbance in small metal covered nanocomposite inclusions in the electrostatic 

approximation is the aim of this study. In section 2, I analyzed the distribution of electric potential in a 
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noble metal coated quantum dot/wire nanoparticle when incident electric field is applied to the composite 

and embedded into a fixed dielectric function of host matrix. Finally, in section 3, the results of numerical 

calculations are illustrated graphically. In the conclusion, I summarized the main results of the paper. 

2 Theoretical Model and Calculation 

As was shown in several works, the 

overall optical as well as plasmonic 

properties of triple and two layered 

nanoparticle successfully described 

within the framework of classical 

electrodynamics of continuous 

media. Similarly, for triple layered 

core shell of this work, I used the 

same consideration. In this paper, I 

seek to investigate highly tunable 

size dependent optical properties 

of spherical and cylindrical triple 

layered CSNS by varying the core 

size, thickness of spacer and shell 

and size/shape of composite as 

well well as dielectrics function of 

spacer. 

Consider this triple layered core 

shell nanoparticle (NP) 

consisting of a semiconductor core of dielectric function (DF) 𝜀𝑐 , spacer 𝜀1 and a metallic shell of DF 𝜀𝑠 

embedded in a non-absorptive host matrix having a real DF 𝜀ℎ = 2.25, as shown in Fig. (1), i.e.; cross - 

sectional view of the composite. When the composite of triple layered CSNP is irradiated with an 

electromagnetic radiation, electric field is induced in the system due to polarization. The distribution of the 

electrostatic potential 𝜙 associated with the induced field inside and outside of the NP can be obtained by 

solving the Laplace equation, ∇2𝜙 = 0 in spherical and cylindrical coordinates. 

The distribution of the potential in the four regions takes the form: 

 

                                      𝜙1 = 𝐴1𝑟𝑐𝑜𝑠𝜃                            𝑟 ≤ 𝑟𝑐                                           1 

𝜙2 = (𝐴2𝑟 +
𝐵1

𝑟𝑛−1) 𝑐𝑜𝑠𝜃           𝑟𝑐 ≤ 𝑟 ≤ 𝑟1                                   2 

                                      𝜙3 = (𝐴3𝑟 +
𝐵2

𝑟𝑛−1) 𝑐𝑜𝑠𝜃           𝑟1 ≤ 𝑟 ≤ 𝑟𝑠                                      3 

                                       𝜙4 = (−𝐸0𝑟 +
𝐵3

𝑟𝑛−1) 𝑐𝑜𝑠𝜃        𝑟 ≥ 𝑟𝑠                                               4 

where 𝜙1, 𝜙2, 𝜙3 and 𝜙4 are the potentials in the core, semiconductor spacer, metal shell, and host matrix, 

respectively, 𝐸0 is associated with the external applied field; r is the distance from the origin (centre of the 

NP); and θ is the zenith angle, 𝑟𝑐 , 𝑟1, and 𝑟𝑠 are the radius of the core, the spacer and the metal shell, 

respectively. And here, n is the dimension of the problem: n = 3 for the spherical and n = 2 for the cylindrical 

inclusion, respectively and the coefficients 𝐴1, 𝐴2, 𝐴3, 𝐵1, 𝐵2, 𝐵3 are constants to be determined by using 

the appropriate boundary conditions at the interface.  

It is worth noting that the second term on the right side of Eq. (4), represents the induced potential outside 

the composite NP. To study local filed enhancement factor, refractive index and optical absorbance, I need 

to determine only the total induced field outside the concentric sphere/cylinder and the coefficient of 

potential inside the core. In other words, I am interested on the value of the coefficients 𝐴1 and 𝐵3 rather 

Figure 1: The model of quantum dot/wire core/spacer/shell nanostructure: 

embedded in host matrix, quantum wire (top) and quantum dot (bottom) in 

applied electric field. 
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than other coefficients, which is found to be by concurrently using the above four equations based on 

normal component of the electric displacement vector and continuity condition of potential at the 

interfaces, 

                              𝐴1 = −
𝑛3

𝑛−1

𝜀ℎ𝜀1𝜀𝑠

𝛽2𝑋
𝐸0,                                                                                    5 

                                 𝐵3 = 𝑟𝑠
𝑛𝐸0 (1 −

𝑛3

𝑛−1

𝜀ℎ(𝐵
𝛽2

⁄ +𝐴)

𝑋
),                                                            6 

where  

            𝐴 = 𝑛𝜀1
2 + 𝜀1(𝜀𝑐 − 𝜀1) (

𝑛

𝑛−1
) 𝛽1 − 𝑛𝜀𝑐𝜀𝑠 − 𝜀𝑠(𝜀𝑐 − 𝜀1) 𝛽1,                                       7 

                  𝐵 = 𝑛2𝜀1𝜀𝑠 + 𝑛𝜀𝑠(𝜀𝑐 − 𝜀1) 𝛽1,                                                                               8 

                           𝑋 = 𝐶1𝜀𝑠
2 + 𝐶2𝜀𝑠 + 𝐶3,                                                                                  9 

                  𝛽1 = 1 − (
𝑟𝑐

𝑟1
⁄ )

𝑛
,          𝛽2 = 1 − (

𝑟1
𝑟𝑠

⁄ )
𝑛

,                                                          10 

where 𝛽1 and 𝛽2 are the volume fraction of spacer and shell respectively and 𝐶1, 𝐶2 and 𝐶3 are constants 

depend on dielectrics function of core, spacer and host matrix. 

By substituting Eq (5) into Eq (1), we get the electric field inside the core material: 

                                            𝜙1 = −
𝑛3

𝑛−1

𝜀ℎ𝜀1𝜀𝑠

𝛽2𝑋
𝐸0𝑟𝑐𝑜𝑠𝜃.,                                                         11 

Then, using Eq. (11) and the relation 𝐸 = −∇𝜙, we find the magnitude of the electric field inside the core 

to be, 

                                                𝐸 =
𝑛3

𝑛−1

𝜀ℎ𝜀1𝜀𝑠

𝛽2𝑋
𝐸0.                                                                     12 

The coefficient of 𝐸0 in Eq. (12) is the local-field enhancement factor (𝐹), i.e., 

                                                𝐹 =
𝐸

𝐸0
=

𝑛3

𝑛−1

𝜀ℎ𝜀1𝜀𝑠

𝛽2𝑋
.                                                                 13 

The modulus square of the local field enhancement factor becomes 

                                         |𝐹|2 = |
𝑛3

𝑛−1

𝜀ℎ𝜀1𝜀𝑠

𝛽2𝑋
|
2

.                                                                        14 

The induced potential outside the inclusion is, 

                                      𝜙𝑖𝑛𝑑 =
𝐵3

𝑟𝑠
𝑛 𝑐𝑜𝑠𝜃.                                                                                 15 

The induced potential may be expressed by 

                                𝜙𝑖𝑛𝑑 =
𝑝̃

4𝜋𝜀ℎ𝑟𝑠
𝑛 𝑐𝑜𝑠𝜃,                                                                                16 

where 𝑝̃ is the electric dipole moment of the system.  

In a uniform external electric field, a dielectric object becomes polarized. In far field, the polarized object 

can be approximated as an electric dipole because the higher order field components decay quickly as a 

function of distance [22].  

The electric dipole moment by combining the above equations:  

                                          𝑝̃ = 4𝜋𝜀ℎ𝐵3 = 𝜀ℎ𝛼𝐸0                                                                    17    

where  𝛼 is the polarizability of the composite given by   

                                     𝛼 = 4𝜋𝑟𝑠
𝑛 [1 −

𝑛

𝑛−1

𝜀ℎ(𝐵
𝛽1

⁄ +𝐴)

𝑋
].                                                          18 

The polarizability and the effective permittivity of the system can be described by using the Clausius-

Mossotti relation together with the Maxwell-Garnet mixing theory. Suppose N is the density numbers the 

inclusions/scatterers in the system. Then, the polarizability and permittivity are related by [23], 

                                           
𝑁𝛼

3
=

𝜀𝑒𝑓𝑓−𝜀ℎ

𝜀𝑒𝑓𝑓+2𝜀ℎ
,                                                                                19 

where 𝜀𝑒𝑓𝑓 is the effective DF of the system (ensemble). 
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By rearranging the above Eq. (19), the 𝜀𝑒𝑓𝑓 written as: 

                                             𝜀𝑒𝑓𝑓 = 𝜀ℎ [1 +
3𝑓𝛼

1−𝑓𝛼
],                                                                  20 

known as Maxwell-Garnett equation and where 𝑓 is the filling factor which tell us how much the array of 

composite embedded in the host matrix 

                                                𝑓 =
4𝜋𝑁𝑟𝑠

𝑛

3
⁄ .                                                                                      21 

Some of the metal properties, including optical properties can be described with the simple free-electron 

gas Drude-Sommerfeld model of dielectric function. In the framework of this model, by applying an 

external field, the conduction electrons move freely between independent collisions occurring at the average 

rate of the frequency-dependent dielectric function 𝜀(𝜔) predicted by the Drude-Sommerfeld model [24]: 

                         𝜀(𝜔) = 𝜀∞ −
𝜔𝑝

2

𝜔(𝜔+𝑖 𝛾)
,                                                                                    22 

where 𝜀∞  is the phenomenological parameter describing the contribution of bound electrons to 

polarizability, 𝜔𝑝 is the bulk plasmon frequency and 𝛾 is the phenomenological electron damping constant 

of the bulk material. For Au, 𝜀∞ = 9.84 and 𝜔𝑝 = 9.01 𝑒𝑉 [25]. 

The dimensional dependence of the dielectric function was introduced within the framework of the model 

of limitation of the mean free path of conduction electrons. Decreasing the size of a nanoparticle will 

eventually cause the thickness to become less than the bulk mean free path, and electron scattering from 

the surfaces of the particle will have decreasing effect thus broadening its plasmon resonance peaks. If the 

electron mean free path depends on size of the nanoparticles, a correction is available for the nanoshells 

and in this case, 𝛾 can be modified to [26],[27],[28]: 

                                    𝛾 = 𝛾𝑏𝑢𝑙𝑘 + 𝐴
𝑣𝐹

𝑟𝑒𝑓𝑓
,                                                                               23 

where 𝛾𝑏𝑢𝑙𝑘 = 0.072 𝑒𝑉 [25] is the damping constant of the bulk material, 𝑣𝐹 = 1.38 𝑀𝑚/𝑠 [28] is the 

electron velocity at the Fermi surface, 𝐴 = 0.25 is an empirical parameter and 𝑟𝑒𝑓𝑓 is the effective mean 

free path of collisions and can be calculated from [28], 

                         𝑟𝑒𝑓𝑓 = (
((𝑟𝑠−𝑟1)(𝑟𝑠

2−𝑟1
2))1/3

2
).                                                                         24 

3 Results and Discussion 

3.1  Local Field Enhancement Factor 

The highly tunable optical properties and plasmon resonances of triple layered core shell making them 

attractive and may be considered by combining various types of materials, metals and semiconductors, 

where one material is a core, another different material is a spacer and shell. 

The local field enhancement factor of ZnO@M@Ag spherical and cylindrical  triple layered core shell that 

composed of 12 nm ZnO core radius, 16 nm spacer radius with different shell thickness  nanoinclusion as 

a function of wavelength is depicted in Fg. (2). It is observed that, local field enhancement factor of gold 

coated two geometrical nanoinclusion is increase with increasing shell thickness. The two resonance at 

visible region and near/in infrared spectral region is related to the surface resonance of Au at the two 

interfaces i.e.; spacer@Au and Au@medium [29]. 

As shown in the figure (2), the resonance at wavelength around 460 nm associated with inner interface is 

remain constant, but  the resonance associated with outer interface extends from visible to near infrared 

spectral region that is by  controlling the resonance frequency via the shell thickness increase [30]. The 

thickness of Au shell increase from 4 𝑛𝑚  to 24 𝑛𝑚 correspondingly its volume fraction is 0.49, 0.70, 0.81, 

0.86, 0.91 and 0.94 for a fixed spacer volume fraction 0.58 for spherical and for cylindrical composite 0.36, 

0.56, 0.67, 0.75, 0.80, and 0.84 for spacer volume fraction 0.44. The local field enhancement factor for 

spherical inclusion Fig 2(A) for both resonances in visible spectral region more pronounced than the 

cylindrical inclusion Fig. 2(B). As Fig 2(B) illustrated, by varying the relative dimension of nanoinclusion, 

https://journals.aijr.in/index.php
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the optical resonance of the composite varied, across visible region to infrared (IR) spectral region.  In the 

other case, when the spacer material is changed the local field enhancement factor also changed, i.e.; when 

the dielectrics function of the spacer increased from Fig 2(C) to Fig. 2(D), the local filed enhancement 

factor increase within the same resonance peak location.    

 

 

Figure 2: Local filed enhancement factor with different geometry and spacer materials for increasing shell 

thickness. (A), (C), (D) spherical and (B) cylindrical triple layered nanoinclusion. 

 
The local filed enhancement factor of ZnO@M@Au is also depending on the concentration of the core 

and spacer materials. By increasing the core size and spacer thickness and by keeping the size of the 

composite constant 40 𝑛𝑚, the effect is explained in Fig (3).  Either the core size or the spacer thickness 

increase simultaneously the shell thickness decrease from 24 𝑛𝑚 to 4 𝑛𝑚. As shown in the figure for 

spherical nanoinclusion, when the core size and spacer thickness increase, the local field enhancement 

factor decrease and extend to IR spectral region and has the same effect for cylindrical inclusion.   

The concentration of spacer and metallic shell when the core size increase from 12 𝑛𝑚 to 32 𝑛𝑚 is 0.58, 

0.49, 0.42, 0.37, 0.33, 0.30 and 0.94, 0.86, 0.78, 0.66, 0.49, 0.27 respectively. And similarly, for a fixed core 

size 12 𝑛𝑚, the concentration of spcer for Fig. 3(B) increase correspondingly 0.58, 0.78, 0.88, 0.92, 0.95, 

and 0.96. From this graph, we observed that the amplitude of local filed enhancement factor is slightly the 

same but there is high tunability in Fig. 3(A)  due to high interaction of plasmon and exciton. 
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Figure 3: Local filed enhancement factor with the same size of composite for decreasing shell thickness and 

increasing spacer volume fraction. (A) increase core size and (B) increase spacer thickness of spherical triple 

layered nanoinclusion. 

3.2 Refractive Index  

Optical properties of matter are consquences of how it reflect, transmit and absorb in coming light. In 

many optical problems, the complex refractive index of material is the basic parameter. The refractive index 

of the medium related to its dielectrics function which describes the electronic interaction of the medium 

with incident light wave of frequency. The response of a medium to an incident light wave may be described 

by a complex refractive index (𝑛̃) which for a nonmagnetic medium is expressed as 

                                       𝑛̃ = √𝜀𝑒𝑓𝑓                                                                                         25 

where 𝜀𝑒𝑓𝑓 is the complex effective DF of the composite. Introducing the real (𝑛) and imaginary parts (𝑘), 

𝑛̃ may be written as [25] 

                                       𝑛̃ = 𝑛 + 𝑖 𝑘                                                                                       26 

The real part of refractive index of an ensemble consisting ZnO@M@Au spherical and cylindrical core 

shell embedded in host matrix which have dielectric function 𝜀ℎ = 2.25 is analysed using Eq. (25) and (26).  

Figure (4) shows the real part of refractive index as a function of wavelength of the incident light for a fixed 

value of the filling factor 𝑓 = 0.01 and 𝛽1 = 0.58 and six different values of 𝛽2 (𝛽2 = 0.49, 0.70, 0.81, 

0.86, 0.91, 0.94). The grph shows that the refractive index varies between 1.30 and 1.71 depends on the 

geometry, size  and constituents of the ensemble and posses two sets of resonance associate with the 

interface of the metal shell; the first resonance in visible region around 450 𝑛𝑚 and the second extended 

to IR region between 550 𝑛𝑚 and 1000 𝑛𝑚. The peaks show a slight red shift in the first resonance and 

blue shift in second resonance when the volume fraction, 𝛽2 is increased.  

In addition, when metal shell thickness increases the two resonance peaks gets closer and closer to each 

other which eventually merge if 𝛽2 = 1. For the same size of the composite, simply by increasing the 

dilectrics function of the spacer, the refractive index of the composite more pronounced coresspondingly 

i.e.; the transmission of the incident ray is increase. 

https://journals.aijr.in/index.php
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Figure 4: The real part of refractive index as a function of wavelength for fixed filling factor 𝑓 = 0.01, different 

Au volume fraction and by keeping spacer volume fraction constant. A and C spherical and B and D cylindrical 

are nonainclusion with different spacer. 

 

Figure 5: The real part of refractive index as a function of wavelength for different value of filling factor 𝑓. A 

spherical and B cylindrical nanoinclusion. The other parameters are the same with Fig 4(A) and 4(B). 
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Furthermore, I analyzed the effect of varying the filling factor, 𝑓, on the real part of refractive index in the 

vicinity of the two resonances progressively increases as 𝑓 increases from 0.01 to 0.11 in step of 0.02 as 

shown in Figure 5. However, the positions of the peaks remains almost constant. The result suggests that 

light propagates in the nanostructure more readily when the nanoinclusion array is more packed. From both 

figures, refractive index near the resonances can be tuned by changing the shell thickness, dielectrics 

function of the spacer and the density of the packed arrays which can play a great role in applying the CSNS 

in the sensors. 

3.3  Optical Absorbance  

Incident light, in general, propagating in the composite is attenuated both by absorption and by scattering 

[31]. However, for NPs that are much smaller than the wavelength of incident light, scattering effects may 

be neglected so that only the absorption significant to the attenuation. The intensity (𝐼) of the propagating 

wave is related to the enhanced electric field by 𝐼~|𝐸|2 . Generally, as the wave traverses in the 

composite/medium, the intensity is attenuated as: 

                                       𝐼𝑡 = 𝐼𝑜exp (−𝜇𝑡),                                                                              27 

where 𝐼𝑜 is the intensity at 𝑡 = 0 and 𝜇 is the absorption coefficient defined by 

                                      𝜇 =
2𝑘𝜔

𝑐
=

4𝜋𝑘

𝜆
,                                                                                   28 

where 𝜔 = 2𝜋𝑐/𝜆 is the wavelength of the incident radiation and 𝑘 is the imaginary part of the refractive 

index. 

The quantity in the exponent of Eq. (27) is the absorbance (𝐴) which may be generally be expressed as 

𝐴 = ln (
𝐼𝑜

𝐼𝑡
) = 𝜇𝑡 where 𝐼𝑡 is the intensity at 𝑡 = 𝑡𝐴𝑢. For the ZnO@M@Au triple layered core shell NPs, 

the absorbance at metal/shell interface takes the form [32]: 

                             𝐴(𝜆) =
4𝜋𝑘

𝜆
𝑡𝐴𝑢,                                                                   29 

where 𝑡𝐴𝑢 = 𝑟𝑠 − 𝑟1 thickness of gold shell. 

Figure (6), depicts optical absorption of triple layered CSNS as a function of wavelength for 𝑓 = 0.01 and 

𝛽1 = 0.56 and different value of 𝛽2 (or different value of shell thickness), while the core and spacer radius 

(12 nm and 16 nm respectively) is kept constant. The metal shell volume fraction is increase with increasing 

shell thickness, correspondingly the value of 𝛽2 are 0.49, 0.70, 0.81, 0.88, 0.91, and 0.94. It shows the two 

sets of absorption peaks: for spherical inclusion both absorption peaks are in visible region but for 

cylindrical inclusion extends to infrared region and shifted to visible region when the shell thickness 

increase.    

As the shell thickness increase from 𝑡𝐴𝑢 = 4 − 24 𝑛𝑚 with the range 4 𝑛𝑚, the first resonance rapdly 

enhanced and slightly red shifted, but for spherical inclusion slightly enhanced when the shell thickness 

increase. These resonances may be attributed to near band edge absorption (NBA) due to free exciton 

recombination. In these resonances, the red-shift of the absorption edge represented the change in the 

nanoparticles energy gap.  It means that since the band gap of semiconductor materials will increase with 

the decrease in particle size, the so-called quantum size effect, it leads to the shift of the absorption edge 

towards high energy (blue-shift) [33]. 

The second resonances are also enhanced when the shell thickness is increase, but blue-shifted contrary to 

the first resonance. These resonance peaks are due to deep level emissions (DLE) which are attributed to 

the surface plasmon resonance of gold nanoshell. The absorption intensity become stronger as the thickness 

of gold shell increase from 4 − 24 𝑛𝑚. On the other hand, red shift of the absorption maximum with an 

increase in shell thickness and the broadening of the absorption spectra are observed when the thickness 

of the shell decrease [31]. This broadening of the spectra is caused because of the incorporation of the NPs 

size effect in our analysis via Eq (23). 
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Figure 6: Optical absorbance as a function of wavelength for different spacer materials. (A) spherical and the 

others are cylindrical nanoinclusion. The other parameters are the same with Fig 4. 

The optical absorbance of triple layered core shell not only depends on size and shape of the composite, it 

also depends on the size of the core and the thickness of spacer. When the thickness of spacer increase by 

keeping the core size 12 𝑛𝑚  and the shell thickness 4 𝑛𝑚 constant for spherical nanocomposite in figure 

7(A), the optical absorbance in the second resonance which is associated with outer interface, decrease and 

shifted to higher wavelength IR spectral region. But in the first resonance around 450 𝑛𝑚 wavelength of 

this figure, the optical resonance slightly decrease and without shifting. The resonance peak for a single 

ZnO and Au nanoparticle is exist at visible region [34], but by combining them and by sandwiching other 

materials between them for the same size, the absorbance is enhanced and shifted to IR region that is 

interested phenomena for biological and photocatalysis application.   

For cylindrical inclusion in Fig. 7(B), the optical absorbance is decrease with increasing core size by keeping 

spacer thickness 4 𝑛𝑚  and composite size 40 𝑛𝑚  constant i.e.; the thickness of shell decrease with 

increasing core size. The first resonances are rapidly decreased with slightly blue-shift, but in the second 

resonance slowly decrease relative to the first resonance and shifted to higher wavelength in IR spectral 

region. This high tunability arises from the interaction of cavity plasmon in the plasmon hybridization 

associated with inner and outer interfaces [5]. The hybridization interaction is stronger for thinner shell 

layer, leading to a strongly red-shifted resonance at a wavelength determined by the thickness of the shell 

and the overall particle radius. 
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Figure 7: Optical absorbance as a function of wavelength (A) increasing spacer volume fraction and (B) 

increasing core size. (A) spherical and (B) cylindrical nanoinclusion.  

The other parameters are the same with Fig 4. 

4 Conclusions 

The results obtained for spherical and cylindrical triple layered core shell nanoparticle consists of  ZnO as 

core, semiconductor spacer (like SiO2, In2O3, TiO2) and a noble metal Au as a shell with dimension much 

less than the wavelength of light using the quasi-static approximation of classical electrodynamics 

embedded in a fixed deilectrics function (𝜀ℎ = 2.25) of the host matrix. The local filed enhancement factor, 

refractive index, and optical absorbance of the system are determined by employing the electrostatic 

potential approximation and the Maxwell-Garnet effective medium theory. Moreover, the DF of the gold 

shell is chosen to be of the modified Drude form that takes into account its nano-size scale. 

It is shown that for different values of spacer and metal shell fraction, dielectrics function of spacer, core 

size, size of nanoinclusion and filling factors 𝑓  the graphs of local field enhancement factor, optical 

absorbance and refractive index of the nanocomposite with ZnO@M@Ag nanoinclusions as a function of 

wavelength possess two resonance peaks - the first in the visible region (around 450 nm) and the second 

extends from visible to IR  (between 550 - 1100 nm) spectral regions. These resonance peaks correspond to 

the surface plasmon resonances at the inner and outer interfaces, respectively. The resonance peaks show 

a slight red shift  in the first resonances and blue shift in the second resonances when the volume fraction 

of shell thickness increased. The optical resonance prounounced when the dielectrics of the spacer 
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increased, shape of composite changed and the filling factor increased. Due to the interaction beteween 

environment and plasmon of shell, exciton and plosmon,  the amplitude of plasmon resonances  increased 

when the cylidrrical nanoinclusion changed to spherical inclusion and  the filling factor increased. Inddition, 

by increasing dielectrics function of spacer and for cylindrical inclusion the optical resonance is more tuned. 

Such types of highly tunability of  optcal properties is recommended for many application fields like 

biological, photocatlytic, energy storage, information storage and sensor. The enhancement in the optical 

properties is mainly attributed to strong coupling of the surface plasmon resonance of the Au shell and the 

energy gap of the inner part NPs, interaction of exciton-excion-plasmon of the composite, and interaction 

of the composite with it envirnment.   
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