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  ABSTRACT 
We report on the optical properties of gold/hafnium oxide core-shells configuration designed for biomedical 

application. The Surface Plasmon Resonance (SPR), have been investigated as function of the thickness of 

hafnium oxide and the core size. Drude model and Mie theory have been used to optimize the absorption as 

function of both the core size and the shell thickness. Making a comparison with our previous work on 

gold/silica core-shell configuration where the maximum absorption value was found at a wavelength of 530 nm, 

the maximum absorption was reached at a wavelength value of 610 nm for the gold/hafnium oxide core-shell. 

Our results show a high absorption value up to 71.27%, demonstrating that gold/hafnium core-shell 

nanoparticles could be a good candidate for biomedical applications. 

KEYWORDS: Surface Plasmon Resonance, Gold nanoparticles, core-shell nanoparticles, hafnium 

oxide, optical windows 

I. INTRODUCTION 
Progress in nanomaterials research for medical applications offers has opened the way for intense research into 

nanoparticles synthesis and engineering specifically metal nanoparticles in opening new ways towards better 

treatment of the tumor cells.   

Nanoparticles have diameter approximately around 100 nm. When an energy source such as a laser producing 

non ionizing electromagnetic radiation is applied, conversion to heat energy occurs in metal nanoparticles owing 

to electron excitation and relaxation. Furthermore, laser can be specifically tuned using the surface plasmon 

resonance frequency of nanoparticles, which varies depending on the size, shape and composition of the 

nanoparticles [1, 2]. 

The optical properties of metals such as gold, silver and copper nanoparticles originate from localized surface 

plasmons. These phenomena occur when electromagnetic field interacts with conduction band electrons and 

induces the coherent oscillation of electrons. By definition, surface plasmons are collective excitations of the 

electrons at the interface between a conductor and an insulator and are described by evanescent electromagnetic 

waves that are not necessarily located at the interface. Surface Plasmons appear in a number of different 

phenomena, including the optical response of materials at different scales [2]. 

Most research has been focused on gold nanoparticles due their unique optical properties. These properties are 

conferred by the interaction of the light with electrons on the gold nanoparticle surface. Advantages of the noble 

metal nanoparticles, gold specially are not degraded under laser irradiation and allow also an important 

reduction laser power thanks to their high absorption cross section [3]. Another advantage of gold nanoparticles 

is that they are non-cytotoxic and the last most important benefit is regarding their surfaces, as they have large 

surface area due to which their surfaces are readily available for modification with targeting molecules or 

specific biomarkers and applicable in biomedical purpose [4]. 

Gold nanoparticles represent excellent biocompatibility and display unique structure, electronic [5, 6], catalytic 

[7], magnetic [8], optical [9] properties which have made them a very attractive material for numerous 

applications in nanomedicine and others fields such biosensor and chemosensory [1, 10, 11].  
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The ideal gold nanostructures are those displaying surface plasmon resonance bands in near infrared region 

(NIR) (i.e. from 650 nm to 950 nm). Because, near infrared light at the wavelengths ranging from 650 nm and 

900 nm travels deep though tissues because hemoglobin and water exhibit relatively low light absorption in this 

region [12]. Tenability of the plasmon resonance wavelength in near infrared region is very important for 

applications in biology, because the light has highest transmission in human tissue in the near infrared region 

[13, 14]. 

Gold nanospheres are presented as strongly absorbing in visible spectrum, called the plasmon band or surface 

plasmon resonance (SPR). Gold nanospheres resonances are located about of 517 nm [15, 16]. N. G. Khlebtsov 

and al [17], have published in 2010, than gold nanospheres in water with a radius in the range of 5 nm < R < 20 

nm, their plasmon resonance is observed at 520 nm. The resonance frequencies as well as the width of the 

plasmon absorption band depend on the nanoparticles size, surrounding medium and shape and many theories 

have been developed for to explain the observed behavior; for example Mie’s theory [1,18] for spherical 

particles and Gans’s theory [19] for to prolate and oblate spheroidal particles averaged over all orientations. 

Surface plasmon resonance peaks (moving from visible to near infrared region) is used for the designing and 

fabrication of nanoshells [20]. 

In order to optimize the nanoshells particles (core/shell) properties, we have used in this work hafnium oxide 

(HfO2) nanoparticles. This material possesses appealing physical attributes for local cancer therapy and it is 

chemically inert in cellular and subcellular systems [21, 22]. Due to its electron density, crystalline hafnium 

oxide nanoparticles offer the possibility to deposit high amounts of energy within the cancer cells when 

activated by ionizing radiation [23].   

Therefore we investigate the optical properties of gold particle as a core and nanoshell particles of thin film of 

hafnium oxide. Using the Mie theory and Drude model, the optical cross sections (absorption, scattering and 

extinction) of gold nanospheres, gold nanoshell (core/shell) at different size of core and shell thickness, are 

numerically performed using the Matlab software. 

II. MATERIALS AND METHODS 
According to [24] and [25], the expression of the absorption (σabs) and scattering (σsca) as function of the 

polarizability defined by equation (1), are given by equations (2) and (3), respectively. 
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Where εo=8.85 x10-12 F/m is the permittivity of vacuum, εm is called the dielectric constant of the surrounding 

medium (εm=n2) with n is refraction index.  

 

 

 

 

 

 

Figure 1: Spherical core/shell nanoparticle. 

The dielectric function of core and shell are  𝜀𝑎 = 𝑎 + 𝑖𝑏 and 𝜀𝑏 = 𝑐 + 𝑖𝑓and R1 and R2 are radius of core and 

shell, respectively.  

We have the following expressions for the absorption and scattering cross sections. 
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where k depend of wavelength of the incident light noted λ and εm  and given by the following expression. 
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The extinction cross section can be calculated as the sum of the absorption and scattering cross sections as 

defined in the references [15, 25]. 

ext abs sca                                          (5) 

 

The calculations of the extinction cross sections were performed using equation (5). In this study, we have also 

used the experimental data taken from DL Wood [26] for hafnium oxide in our simulation. In the Drude model, 

optical parameters of gold and procedure used are much detailed in our previous work published [27]. 

 

III. RESULTS AND DISCUSSION 
 

In this numerical aspect, optical properties were measured in the wavelengths region from visible to the near 

infrared region (300-1200 nm). These results are compared to the results gold coated with silica worked in 

article [27]. 

III.1. Reflectance, Transmittance and Absorption of gold nanoparticle film 

The reflectance [R], transmittance [T] and absorption [A] characteristic of the gold nanoparticles film deposited 

on glace substrates were investigated using Matlab Software. The spectra of gold nanospheres film simulated 

with different radius, R=20 nm, R=30 nm and R=50 nm are presented in figure 2. We have deposed gold 

nanoparticles on substrate and are exposed to the air as considered to be the surrounding medium. We are 

investigating size effects on the optical properties: reflectance, transmittance and absorption. The model used to 

calculate the optical properties of the gold nanoparticles films is described in [28]. Theoretical analysis has 

shown that the reflectance, transmittance and absorption curves are sensitive to the size of the gold nanoparticle 

as illustrated in figure 2. From the simulation results at different radius, one can determine the absorption, 

reflectance and transmittance percentage. 

It can be clearly seen from figure 2.c that high absorption in the visible range is obtained. The results give about 

62.44%, 66.50% and 71.27% for 20, 30 and 50 nm radius. These results indicate that the intensity of the peaks 

(percentage) increases with the gold nanosphere radius. The data show two characteristics: strong at visible rang 

(400 to 500 nm) and weak in neighborhood of the infrared rang (550 to 800 nm). From figure 2.b, we can also 

see that the intensity of the peaks decrease with an increase of the gold radius. According to this figure, we have 

24.99%, 11.0% and 1.79% for 20, 30 and 50 nm for gold radius values respectively. 

Whereas reflectance (figure 2.a) spectrum signals show a weak percentage in the visible region around 30% and 

a very strong percentage in the infrared rang around 97%. The present results also proved that gold nanospheres 

films exhibit strong absorption percentage to the visible region depending on the particles size. 
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Figure 2: The optical properties of a gold nanosphere film as a function of radius: (a) reflectance [R], (b) transmittance 

[T] and (c) absorption [A]. 

III.2. Gold nanospheres 

The optical proprieties of gold nanospheres are highly relative on the nanospheres size. The absorption, 

scattering and extinction cross section of gold nanopheres with the radius of 15 nm, 35 nm, 45 nm and 50 nm 

are displayed in the figure 3. All spectra have a pick resonance in the visible, caused by the oscillation of the 

nanosphere electrons on the surface. Peaks positions are near 515 nm to 530 nm, and this position is 

characteristic the formation of gold nanosphere particles. 
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Figure 3:  Cross section for gold nanospheres at varying radius and immersed in water (n=1.333). 

Figure 3 illustrates the dependence of band intensity function of the size nanospheres. We can see that the ratio 

(intensity) of the extinction cross-section to absorption is the same for a radius nanosphere of 15 nm. We note 

that for small particles, the extinction is attributed to absorption (fig.3.a) and for large particles absorption 

intensity decreases while scattering increases. 

As a consequence, small gold nanoparticles (with radius less than 15 nm) exhibit extinction that is primarily due 

to absorption. Larger particles tend to exhibit much stronger scattering. On the other hand, the calculated show 

that scattering are flitted more than absorption. From the results obtained with a radius of 30 nm, the resonance 

wavelength is 520 nm for absorption band while it is 530 nm for scattering band.   

III.3. Hafnium oxide coating on gold nanosphere 

The calculated absorption cross-section of gold/hafnium oxide nanoshell film as function of the shell thickness 

is reported in figure 4. The ratio corresponding to reach absorption maximum as function of core radius is 

reported in table 1. Shell thickness was varried from 0 nm to 100 nm and the core size is 30 nm of radius and 

particle is immerged in water with refraction index of 1.333. In our study, the purpose is the determination of 

the maximum of absorption. 

R=15 nm 
R=30 nm 

R=45 nm R=50 nm 

(a) 
(b) 

(c) (d) 
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Figure 4: Absorption cross section for Au/HfO2 core/shell. 

Table 1: Ratio core/shell for to reach maximum absorption a surrounding medium function. 

 

Au/HfO2 

Refraction index, n=1.333 SPRmax (nm) Refraction index, n=1.359 SPRmax (nm) 

5/8 610 5/8 610 

10/16 610 10/15 610 

20/32 610 20/30 610 

30/46 610 30/45 610 

40/61 610 40/60 610 

50/77 610 50/75 610 

The plot clearly indicates the resonance behavior of the absorption cross section with the maximum located in 

the visible region of the spectrum. From the simulation results shown in figure 4, it can be seen that the surface 

plasmon resonance shifts progressively toward the longer wavelength with increasing shell thickness.  

For gold nanoparticles only (blue curve), the spectrum exhibits a maximum of absorption at 515 nm with less 

intense peaks than those of nanoshell particles. From 1.5 to 0.3 of the ratio nanoshells Au/HfO2 (radius of 

core/shell thickness), the spectra exhibit a single maximum of absorption in the visible region. The 

corresponding wavelengths λmax of the six nanoshells presented in figure 4 are 585 nm (d=20 nm), 600 nm 

(d=40 nm), 610 nm (d=50 nm), 610 nm (d=60 nm), 610 nm (d=70 nm) and 610 nm (d=100 nm). These results 

indicate that the resonance value becomes constant when thickness of shell is superior or equal to 50 nm. Study 

reveals that, after addition of hafnium oxide on, the nanoshell reaches maximum at 610 nm. We obtain 95 nm of 

displacement (i.e. the absorption cross section peak red shifted from 515 nm to 610 nm). 

In order to investigate the optical properties of the core-shell nanoparticles, we have used six particles with 

different core radius, which varies from 5 nm to 50 nm. The present calculated absorption values of Au/HfO2 

nanoparticles dispersed in water (n=1.333) and in ethanol (n=1.359) are reported in table 1. 

Interesting remark was obtained in the present theoretical work, as shown in figure 4 and illustrated in table 1. 

These results reveal that the maximum of absorption is reached at λmax≈610 nm when the ratio Au/HfO2 is 

approximately equaled at 0.66 ± 0.04 for the both medium. These results have shown also that the shell becomes 

large with an increase of the core size. But also, we remark a relatively decreasing of shell thickness when the 

refractive index increases. 
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III.4. Gold coating on hafnium oxide nanospheres 

It is important in this step to notice that gold nanoparticles are been deposited on hafnium oxide nanospheres. 

Equation (2) is basic equation in the calculation of the resonance plasmon response function. The computed data 

of the resonance plasmon response function are shown in figure 5. Hafnium oxide nanoparticles are coated with 

various thicknesses of gold nanoparticles. To investigate the effect of the nanoshell size, a series of materials 

were optimized. Here, it appears that the core radius varies between 10 nm and 40 nm. It is also evident from 

figure 5 that thickness of gold nanoparticles layer was estimated to be 4 nm, 7 nm, 10 nm, 14 nm and 20 nm.  

All particles are immerged in water. Before coated, it is important to notice that hafnium oxide nanoparticles do 

not show any absorption peak from the visible region to the infrared one. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Absorption cross section for HfO2/Au core/shell with a radius core increasing from 10 nm to 40 nm. 

These figures indicate that, the peak positions of the surface plasmon much depend on the core radius/shell 

thickness ratio. We can observe an evolution of plasmon resonance band from the visible region to the near 

infrared region by decreasing of layer of shell. For example in figure 5 (c), the radius R is considered to be 30 

nm and shell thickness takes the values 4, 7, 10, 14 and 20 nm. Consequently, the nanoshells ratios (radius of 

core/shell thickness) are about £=7.50, £=4.28, £=3.00, £=2.14 and £=1.50, respectively. And the corresponding 

peaks of these ratios are respectively observed at 920 nm, 770 nm, 695 nm, 640 nm and 600 nm. 

We can conclude that the optical absorption spectrum shifts toward near infrared region with the increasing 

ratio. It is immediately clear from the figure 5 that the decreasing of ratio (i.e. increasing of shell thickness of 

gold) leads to the increasing intensity of the spectra band.  

Figure 6 depicts the variation of the absorption cross section spectra in HfO2/Au core/shell nanosphere as a 

function of both core radius and wavelength at  fixed value of the shell thickness (d=7 nm). Here these particles 

(a) R=10 nm (b) R=20 nm 

(c) R=30 nm (d) R=40 nm 

Increasing 
Core/Shell Ratio 

Increasing 
Core/Shell Ratio Increasing 

Core/Shell Ratio 

Increasing 
Core/Shell Ratio 
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are emerged in surrounding medium which was assumed to be constant and same as for water (i.e. H2O, 

n=1.333). As seen from figure 6, we remark that the position of the maxima of the surface plasmon resonance 

band are shifted forward to large values of wavelength as core radius increases from 10 nm through 40 nm.  

We note that here the surface plasmon resonance band increase in intensity for core radius R=10 nm and moves 

forward to R=40 nm. 

These results demonstrate that the particles with the large core have interesting optical proprieties. It is well 

known through that the plasmon resonance is very sensitive to variation of the core size. We must take this great 

potential into consideration especially in medicine application. This result indicates that the best fits appear with 

the big core size. Our Theoretical study using 7 nm of shell thickness HfO2/Au gives the resonant wavelength at 

600 nm with a 10 nm radius. These resonant wavelengths are shifted at 690 nm, 770 nm and at 840 nm for 20 

nm, 30 nm and 40 nm for radii values respectively.  

In order to pull in this study a clear conclusion and to determine the effect of the nanoshell size on the optical 

properties, a series of simulation were performed for different radius with various shell thickness of gold (d=4 

nm, 7 nm, 10 nm, 14 nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 90 nm and 100 nm) and are 

dispersed in water (n=1.333) and in ethanol (n=1.359). The resonant wavelength of different nanoshell HfO2/Au 

particles is summarized in table 2.  

 

Figure 6: Absorption cross section for HfO2/Au with different radius of core for shell thickness equal at 7 nm. 

Table 2: Positioning of the resonance band according with the surrounding environment, shell thickness and 

core size. 

 

Gold thickness(nm) 

Resonant Wavelength (nm)    

Nanoshell: HfO2/Au 

R=10 nm R=20 nm R=30 nm R=40 nm 

n=1.333 n=1.359 n=1.333 n=1.359 n=1.333 n=1.359 n=1.333 n=1.359 

4 665 670 800 810 920 930 1030 1040 

7 600 600 690 690 770 770 840 850 

10 570 570 630 640 695 700 750 760 

14 555 550 600 600 640 650 690 690 

20 530 530 570 570 600 600 630 640 

30 520 520 540 545 570 570 590 590 

40 520 520 530 530 550 550 570 570 

http://www.ijesrt.com/


   ISSN: 2277-9655 

[A. SAMBOU* et al., 7 (5): May, 2018]   Impact Factor: 5.164 

IC™ Value: 3.00   CODEN: IJESS7 

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [48] 

Important information can be pulling in the table 2. This table confirms that the peak values of the HfO2/Au 

core/shell with a large core are larger than nanoshell with small core. The peak values increase with increasing 

core dielectric materiel. The resonance optical properties of HfO2/Au nanoshell can be tuned in both the visible 

and near infrared by changing the size of core. Table 2 also reveals that the resonance variation become small 

with an increase of gold thickness for each two size core. For the radii values 10 nm and 20 nm, size dependent 

effects were clearly exposed with a plasmon band variation of 135 nm, 90 nm and of 60 nm for 4 nm, 7 nm and 

10 nm for thicknesses values respectively. It should be noted that with the growth of shell thickness, the 

variation of the Plasmon resonance between two particles decreases.  

The quantitative analysis of the optical spectra of various nanoshells of gold nanoparticles, compared to 

Au/SiO2 nanoshell reveals that the present surface Plasmon resonance of the HfO2/Au  is localized at λmax=610 

nm whereas surface Plasmon resonance of Au/SiO2 appears at λmax=530 nm [27]. With the main aim to optimize 

the materials in near infrared region, the absorption characteristics of the HfO2 deposited on gold nanosphere has 

the advantage because they shift to slightly longer wavelength. This can be explained by the difference of the 

dielectric constant between SiO2 and HfO2 (about 3.9 and 25, respectively) [29]. 

IV. CONCLUSION 

We present in this work a complete study of the evolution of the optical proprieties as reflectance, transmittance 

and absorption. We have studied also Surface Plasmon Resonance of gold nanoparticles as function of the size 

and composition effect. This study also led to the determination of the conditions under which one of the 

absorption or scattering phenomena, as a function of size dominates the other. For the small particles, the 

diffusion is negligible in comparison with absorption cross section. Gold particles show a very important 

absorption in visible range and coated with hafnium oxide material are exhibit on Surface Plasmon Resonance 

toward near infrared which makes them good candidates for optical windows. Given the high tenability of gold 

nanoshell resonance from the visible to the infrared regime, hafnium oxide coupled gold nanoparticles are 

expected to expand their applications from biomedical field. The direct dependence of size, thickness and 

composition on Surface Plasmon Resonance values was demonstrated. 
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